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SUMMARY
The prevalence of diabetes in adolescents and women of reproductive age has increased since 1995. However, no prospective national
population-based data from the United States are available regarding women with preexisting diabetes in pregnancy (pregestational)—
that is, type 1 diabetes or type 2 diabetes identified before pregnancy. Knowledge of the true prevalence depends on inclusion of
women with early pregnancy losses, which are not available in birth certificate or hospital discharge data. In this chapter, prevalence
data are presented from selected populations, including women who have recently given birth to a live infant, women who have used
diabetes medications during pregnancy, women who have delivered in hospitals, and women enrolled in specific health plans. These
reports, as well as population-based reports from other countries, suggest that diabetes during pregnancy has at least doubled since
1995, with increases in pregnancies affected by type 1 and type 2 diabetes and across all age groups.
Surveys of diabetes in female youth show that the prevalence of type 1 diabetes is greater than type 2 diabetes, but by the time in life of
pregnancy, the ratio has reversed in population-based analyses of births. The former crude prevalence of preexisting diabetes mellitus in
pregnancy of approximately 0.3% has risen to 1.0%–1.9% in major parts of North America, paralleling the diabetes prevalence in reproductive-age women, which was approximately 1.85%–3.0% between 2002 and 2009.
Preconception care of diabetes has consistently been reported to reduce major congenital malformations and perinatal complications by
over 60%, thus rendering such care cost-effective. Utilization of preconception care is suboptimal, in part because of the high frequency
of unplanned pregnancy, as well as lack of access to care. No national or regional surveillance systems are in place to prospectively
monitor utilization of preconception care of diabetes and outcomes in the United States. Even though the risks of unplanned pregnancy
are greater in women with diabetes than in nondiabetic women, women with diabetes are less likely to receive contraception counseling
than women without diabetes.
Large prospective studies of diabetic women from the preconception period forward are needed in order to obtain reliable data on the
prevalence of preconception care of diabetes and the use of contraception, as well as the number of diabetic women becoming and
remaining pregnant. This effort might also have the effect of better linkage of general diabetes care to enhanced preconception management of diabetic women.
Severe maternal complications of pregnancy may be rare in the United States, but diabetes increases the relative risks of maternal
mortality, ischemic stroke, myocardial infarction, preeclampsia-eclampsia, and possibly sepsis and venous thromboembolism.
Prevention of diabetic ketoacidosis and severe maternal hypoglycemia is crucial; their frequencies should be monitored as indicators of
quality of care, including self-care by the patient. Population-based systems to monitor these important comorbidities are lacking in the
United States.
Proliferative retinopathy can progress during pregnancy, but risk of vision loss can be reduced by comprehensive ophthalmologic
screening and photocoagulation as necessary. Data from other countries suggest that pregnancy does not exacerbate mild nephropathy
in the long term, although the presence of nephropathy can contribute to poorer birth outcomes and worsen prognosis over the long
term. Hypertensive disorders affect >10% of diabetic pregnancies, contributing to neonatal morbidity. Prospective data on treatment of
hypertension during diabetic pregnancy are lacking.
First trimester glycosylated hemoglobin (A1c) levels >7.0% are associated with poorer birth outcomes. The teratogenic effects of hyperglycemia may be compounded by obesity, smoking, alcohol use, and/or poor nutrition. Fetal complications include a higher frequency
of major congenital malformations, the most common of which are cardiovascular. It is controversial whether the use of medications
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common among women with diabetes contributes to the malformation risk, although insulin, antihyperglycemic medications, and oral
contraceptives do not appear to do so. Stillbirths occur more frequently among women with poorer glucose control, and degree of risk
increases with degree of A1c elevation. The prevalences of major malformations and stillbirths in surveys depend on the inclusion of
terminations of pregnancy or late fetal losses at 20–23 weeks gestation, respectively.
Women with diabetes also have a 30%–60% higher risk of infants affected by preterm delivery and macrosomia with concomitant birth
trauma events, such as shoulder dystocia with vaginal delivery. In 2009, approximately 56.5% of births to women with pregestational
diabetes mellitus were by cesarean section, and 16%–27% of births resulted in birth weights >4,000 g. Other adverse events among
infants of mothers with diabetes include infant mortality and neonatal hypoxic-ischemic encephalopathy, although such events are infrequent. Infants of diabetic mothers can experience a higher frequency of respiratory distress, polycythemia, hypoglycemia, hypocalcemia,
and hyperbilirubinemia compared to infants of mothers without diabetes. In rare cases, these complications also can contribute to
neonatal encephalopathy.
The increasing frequency of type 1 and type 2 diabetes in young women and increasing maternal age at conception are likely to further
increase the risk of adverse maternal, birth, and infant outcomes. Population-based data are needed to track conception, miscarriage,
major malformations, and livebirth and stillbirth frequencies among women with diabetes. Such data would guide the optimal timing and
tailoring of preconception interventions. Interventions are needed that quantify the optimal amount of surveillance during fetal development (balancing costs and benefits), along with interventions that examine long-term risk to mothers and offspring.
The subject matter in this chapter is necessarily broad, as it not only discusses prevalence of pregestational diabetes mellitus in pregnancy but also prevalence of diabetes in reproductive-age women; preconception care and contraception; complications in the mother,
fetus, infant, and developing offspring; and methodologic issues related to assessment of outcomes in the mother, fetus, and infant. The
beauty and the devil is in the details. The definitions and management of pregnancy-related conditions can vary considerably among
studies and, in many cases, are controversial.

INTRODUCTION
OBJECTIVE
This chapter presents population-based or
multicenter data on: (1) the growing prevalence of type 1 and type 2 diabetes before
and during pregnancy in North America,
(2) preconception care and contraception
among those with diabetes, (3) maternal
complications of preexisting diabetes in
pregnancy, and (4) fetal, neonatal, and
offspring outcomes among women with
diabetes. Information on diabetes with
onset or recognition during pregnancy is
provided in Chapter 4 Gestational Diabetes.
This chapter focuses on data published in
peer-reviewed journals since 2000. If ample
U.S. data are not available on the different
topics, relevant international population-based or multicenter studies are cited.
If population-based data are sparse, reports
from regional centers may be cited, especially if they provide data that can guide
future epidemiologic surveys. (Note to
reader: selected additional multicenter and
regional/national population based studies
published from January 2016 to July 2017
appear in Appendix 5.1, in the same order
as topics in this chapter. Commentary is
provided by the lead author of this text.)
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HISTORICAL CONTEXT
Prior to the application of (a) medical
nutrition therapy, self-monitoring of
maternal blood glucose, and individualized
insulin regimens, (b) technologies of fetal
assessment, and (c) intensive neonatal
care, pregnancy in women with type 1
diabetes (then defined as child-onset,
insulin-dependent) was a frightening affair
(1). Maternal risks included diabetic ketoacidosis (DKA), hypoglycemic coma, and
progression of vascular disease, including
superimposed preeclampsia. Excess rates
of early fetal loss, major congenital malformations, fetal growth restriction, stillbirth,
birth trauma, and neonatal death from
hyaline membrane disease were observed.
Reports of striking improvements in
outcomes since 1975 were based on
multidisciplinary care at single medical
centers with a regional referral system.
This experience has been widely reviewed
and updated (2).
Persisting problems include access to
care, wider dissemination and adoption of
standards of care, patient-related barriers
to effective care, and the rising tide of

obesity and type 2 diabetes. The latter is
too often unrecognized until pregnancy
is well established. Regional or national
surveillance of diabetes and pregnancy
outcomes at the community level in the
United States has not kept pace with
achievements at centers of excellence.
These problems gain even more importance with the recognition of the lifelong
influences of preconception, fetal, and
neonatal processes on many features of
health or disease.
In the 1980s–1990s, two national
prospective studies included a focus
on type 1 diabetes and pregnancy. The
Diabetes in Early Pregnancy study
(DIEP) (3,4,5) was a multicenter study
of pregnant women with probable
type 1 diabetes, then defined as young
adult-onset, insulin-dependent diabetes;
347 diabetic women and 389 control
nondiabetic women were enrolled within
21 days of conception (76% of women
in these “early entry groups” enrolled
prior to conception) and an additional
279 diabetic women entered after 5 postmenstrual weeks gestation (“late entry
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group”). The DIEP was designed to evaluate whether metabolic control (assessed
by colorimetric glycosylated hemoglobin
[A1c], glycated protein, fructosamine,
and fasting beta-hydroxybutyrate levels)
correlated with early fetal loss, major
congenital malformations, fetal macrosomia, and diabetic retinopathy among
other outcomes. These outcomes are
mentioned where appropriate in this
chapter.

diabetes (8). Data were obtained from
birth records, hospital medical records,
and questionnaires sent to mothers and
their health care providers. The weighted
prevalence of pregnancies affected
by juvenile-onset diabetes was 0.17%
compared to 0.31% for pregnancies
affected by adult-onset diabetes. The
prevalences of both types of preexisting
diabetes in pregnancy have increased
greatly since 1988.

The Diabetes Control and Complications
Trial (DCCT) was a multicenter controlled
clinical trial in North America that
compared intensive treatment with
conventional diabetes therapy among
patients with type 1 diabetes (age 13–39
years; diabetes duration 1–15 years); 94
of 345 women in the original intensive
treatment group became pregnant at
least once during the 10-year trial. Of the
total 135 pregnancies in women in the
intensive treatment group, 96 progressed
≥20 weeks gestation (6). Among 335
women originally randomized to conventional treatment, 26 women anticipating
pregnancy switched to intensive therapy
(per DCCT protocol) prior to conception
for 52 pregnancies (n=42, >20 weeks), but
60 women in the conventional treatment
group had 83 unplanned pregnancies
(n=58, >20 weeks). Mean (±standard deviation) A1c at conception was 7.4%±1.3%
(57±14.2 mmol/mol) for the 135 beginning
pregnancies in the intensive treatment
group compared to 6.9%±1.0% (52±10.9
mmol/mol) for the 52 pregnancies in
women in the conventional treatment
group who initiated intensive therapy prior
to conception and 8.8%±1.7% (73±18.6
mmol/mol) for the 83 unplanned pregnancies in the conventional treatment group.
Pregnancy outcomes (6) and frequencies
of microvascular complications during and
after pregnancy (7) are presented later in
this chapter.

DATA SOURCES AND LIMITATIONS
Beyond the two pioneering national
prospective studies including a focus
on type 1 diabetes and pregnancy that
are cited above, few national population-based diabetes outcome data for
pregnancy in the United States have
been published in peer-reviewed journals
since 2000. The limited number of United
States-based studies that focused on
pregnancy outcomes are cited later in the
chapter. Most notably lacking are data
from the growing numbers of pregnant
women with type 2 diabetes. Mainly
international population-based studies
of preexisting (pregestational) diabetes
mellitus in pregnancy are available
after 2000, and these are cited where
appropriate.

In 1988, the National Maternal Infant
Health Survey was a multistaged
cross-sectional probability sample of
7,366 live births recorded in the United
States for women age 15–49 years. This
was used to estimate the prevalence of
pregnancy complicated by preexisting

Due to the limited U.S. data, prospectively
collected data from the Kaiser Permanente
Northern California (KPNC) multicenter
health care system were analyzed for
Diabetes in America, 3rd edition. KPNC
is a large group practice prepaid health
plan comprising 44 medical centers with
544,687 deliveries in 1996–2011. Analysis
of U.S. census data demonstrates that
KPNC members are similar to the general
population with regard to ethnicity and
education and differ only slightly with
regard to income (9). Whether preconception care is better in the KPNC compared
to the general population is uncertain. A
potential barrier to preconception care
for women with diabetes is access to care,
which in turn might be sensitive to lower
household income.
The methods of KPNC data collection
and analysis have been published (10,11).
Briefly, the KPNC diabetes registry

gathers data from electronic medical
records and identifies patients based on
primary hospital discharge diagnoses,
two or more outpatient visit diagnoses
of diabetes, any prescription for a
diabetes-related medication, and any
record of an A1c test result >6.7% (>50
mmol/mol). References to unpublished
data from KPNC in this chapter rely on
this diabetes and pregnancy registry.
The National Vital Statistics System
(NVSS) contains data from birth and
death certificates that are provided by the
states, compiled and prepared by the U.S.
National Center for Health Statistics, and
presented in national statistical files (12).
In 2009, the 2003-revised birth certificate
was used in 28 states, New York City, and
the District of Columbia. The 2003-revised
birth certificate discriminates preexisting
diabetes in pregnancy from gestational
diabetes. The NVSS tables presented in
this chapter were analyzed specifically
for Diabetes in America. Only “nationalaverage” data are used in this chapter. Of
2,689,579 births in 2009 (~66% of all U.S.
births), 17,784 cases were listed as pre
existing diabetes (0.66%). Birth certificates
are known to underrepresent complicating
conditions, and other population-based
data sets reviewed in this chapter yield
higher rates of preexisting diabetes in the
same time period.
When possible, definitions of maternal
and fetal outcomes used in this chapter
are consistent with those proposed by the
Working Group on Outcome Definitions of
the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) (13). In
this chapter, use of the term preconception
diabetes refers to women with type 1 or
type 2 diabetes studied prior to pregnancy,
and the term preexisting diabetes refers
to women with type 1 or type 2 diabetes
studied during pregnancy, but with data
not specified for either type of diabetes.
Some authors prefer the term pregestational diabetes, and that term may be used
here in commenting on their publications.
White’s classification of preexisting diabetes
in pregnancy was based on duration of
diabetes and presence of diabetes complications, but it is rarely used since 2000.
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Many of the epidemiologic studies of
the relation of maternal diabetes factors
to pregnancy or long-term outcomes
reviewed in this chapter attempted
to control for confounding variables.
However, few of the data sets were
used to analyze for interacting effects
of comorbidities that are common in
diabetes, yet often are not measured
in retrospective or even prospective
studies. Pioneering studies of comorbidity
measures for use with administrative data
showed that comorbidities, separated
from the primary reason for hospitalization, had independent effects on
outcomes, differing among separate
patient groups (14). Comorbidity indexes
have been validated for use in obstetric

populations (15,16), for quantification
of diabetes comorbidity risks across life
(17), and assessment of comorbidity
interrelatedness among patients with
multiple chronic conditions (18). New
morbidity and comorbidity measures
based on International Classification of
Diseases (ICD), Tenth Revision, groups
were developed to be used to control for
confounding (an example of outcome
was death in hospital) (19). The challenge
is to evaluate such approaches in future
population-based studies of diabetes and
pregnancy.
Some studies of epidemiologic data on
pregestational diabetes in pregnancy used
modeling to control for effects of possible

confounders in a group of patients. The
usual approach was to be able to state,
for example, that there was an independent effect of average glycemic control
on excess birth weight, with or without
maternal obesity. These statements apply
to outcomes for groups, and they have
been used to guide current management.
What is needed is individual information
on risks, or probable benefit of certain
treatments, taking into account individual
patient characteristics and relevant
comorbidities. The emerging hope is to
use advanced epidemiologic and epigenetic data to provide information that will
improve individual patient care, as well
as to understand and “manage” large
populations.

CONSIDERATIONS BEFORE PREGNANCY
PREVALENCE OF DIABETES IN
WOMEN OF CHILDBEARING AGE
It is important to note the prevalence
of type 1 and type 2 diabetes in women
of childbearing age in the United States,
because these women may become
pregnant. The major types of surveys
used since 2000 include those based on
population sample blood testing (National
Health and Nutrition Examination Survey
[NHANES]), questionnaire/telephone
surveys of women after giving birth
(Pregnancy Risk Assessment Monitoring
System [PRAMS]), telephone surveys
of a population sample of women with
diabetes by self-report (Behavioral Risk
Factor Surveillance System [BRFSS]), and
examination of medical records of youth
(SEARCH for Diabetes in Youth study
[SEARCH]).
In a new analysis conducted for Diabetes
in America, among 1,338 women age
20–44 years in the NHANES 2005–2010,
2.6% had diagnosed diabetes, 2.0% had
undiagnosed diabetes, and 22.8% had
prediabetes based on blood sampling
(A1c, fasting plasma glucose [FPG], or oral
glucose tolerance test [OGTT] results).
The prevalence of diagnosed diabetes
varied from 2.3% to 3.5% in the three
major racial/ethnic groups tested (Table
5.1). A published analysis including earlier
data from the NHANES 1999–2010
5–4

showed that 10,491 nonpregnant women
of reproductive age (15–44 years)
reported no diabetes diagnosis; many
of these women had A1c and/or fasting
blood glucose (FBG) laboratory values
available for analysis (20). Among 6,881
women with A1c values, 4.0% were “at
risk of diabetes” with A1c 5.7%–6.4%
(39–46 mmol/mol), and 30 women had
A1c >6.5% (>48 mmol/mol; undiagnosed
diabetes if confirmed). Among 4,352
women with FBG values, 11.2% were “at
risk of diabetes” with FBG 100–125 mg/dL
(5.55–6.94 mmol/L), and 28 women had
FBG >125 mg/dL (undiagnosed diabetes if

confirmed). (Risk estimates for undiagnosed
diabetes were suppressed because minimum
degrees of freedom for strata were not met.)
Racial/ethnic groups were not analyzed in
this data set, which included young women
age 15–19 years but no OGTT values (20).
A separate analysis of NHANES data
from 1999–2008 focused on the levels
of dysglycemia (known diabetes; undiagnosed diabetes based on FPG ≥126
mg/dL [≥7.0 mmol/L] or A1c ≥6.5%; or
prediabetes based on FPG 100–125
mg/dL or A1c 5.7%–6.4%) present in
7,162 nonpregnant women of childbearing

TABLE 5.1. Prevalence of Diagnosed Diabetes, Undiagnosed Diabetes, Prediabetes, and
Normal Glucose Levels Among Women Age 20–44 Years, by Race/Ethnicity, U.S., 2005–2010
PERCENT (STANDARD ERROR)
RACE/ETHNICITY

Diagnosed Diabetes*

Total
Non-Hispanic white
Non-Hispanic black
All Hispanic
Mexican American
Other Hispanic
Other-multiracial

2.6 (0.29)
2.3 (0.47)
3.5 (0.56)
3.3 (0.61)
2.5 (0.57)
4.8 (1.28)
2.0 (0.93)

Undiagnosed
Diabetes†

Prediabetes†

Normal
Glucose Levels†

22.8 (1.44)
19.9 (2.02)
25.7 (3.01)
31.0 (2.82)
34.5 (3.32)
25.0 (4.67)
23.7 (6.19)

72.6 (1.53)
76.0 (2.08)
69.3 (3.45)
63.5 (3.11)
60.3 (3.48)
68.9 (5.07)
70.9 (7.16)

2.0 (0.37)
1.8 (0.50)
1

2.2 (0.57)
2.7 (0.79)
1

3.4 (1.40)

Conversions for A1c and glucose values are provided in Diabetes in America Appendix 1 Conversions. A1c,
glycosylated hemoglobin; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.
* Diagnosed diabetes is self-reported.
† Undiagnosed diabetes is defined as A1c ≥6.5%, FPG ≥126 mg/dL, or OGTT ≥200 mg/dL; prediabetes is defined
as A1c 5.7%–6.4%, FPG 100–125 mg/dL, or OGTT 140–<200 mg/dL; normal glucose levels are defined as A1c
<5.7%, FPG <100 mg/dL, and OGTT <140 mg/dL.
1 Estimate is too unreliable to present; ≤1 case or relative standard error >50%.
SOURCE: National Health and Nutrition Examination Surveys 2005–2010
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age (15–49 years) (21). Any level of
dysglycemia was present in 26.3% (95%
confidence interval [CI] 22.3%–30.8%) of
non-Hispanic black women (47% obesity),
in 16.8% (95% CI 14.4%–19.6%) of
non-Hispanic white women (28% obesity),
and in 23.8% (95% CI 19.5%–28.7%) of
Mexican American women (36% obesity).
Analysis of adjusted prevalence risk
ratios showed that the excess risk of
dysglycemia for the black and Mexican
American women was limited to those
with body mass index (BMI) <30 kg/m2.
With obesity, similar high risks of dysglycemia were seen in all ethnic groups (21).

5.3 for 40,388 respondents in 29 reporting
areas; 2.1% (95% CI 1.9%–2.4%) stated
they were told of type 1 or type 2 diabetes
before the most recent pregnancy (23).
Stratification by age was slightly different in
2009 compared to 2004, and prevalence
estimates varied by race/ethnicity in 2009
compared to 2004 (23).

Another way to estimate the prevalence of
diabetes in women most likely to become
pregnant is to survey for preconception
health status by self-report in women who
gave birth to a liveborn infant. The PRAMS
has been described elsewhere (22,23). The
self-reported prevalence of diabetes before
pregnancy (1.8%, 95% CI 1.6%–2.0%) in
women interviewed after pregnancy in
2004 is given in Table 5.2, stratified by
maternal age, race/ethnicity (prevalence
range 1.2%–3.3%), and health insurance
status before pregnancy (22). The variance
in diabetes prevalence among 26 states
was 0.9%–3.0% (average 1.8%, 95% CI
1.6%–2.0%), with highs at 2.7% in Georgia,
2.8% in Mississippi, 2.9% in North Carolina,
3.0% in Arkansas, and one outlier at 5.7%
in West Virginia (22). An update of the
PRAMS analysis for 2009 is given in Table

TABLE 5.2. Prevalence of Diabetes Before Pregnancy in Women Who Recently Gave Birth
to a Liveborn Infant in One of 25 States or New York City, by Age, Race/Ethnicity, and
Health Insurance Status, U.S., 2004

The caveat is that the PRAMS assesses
women who thought they had type 1 or
type 2 diabetes (or “high sugar”) before
and during a recent pregnancy and does
not survey nonpregnant women who
might become pregnant. Since the total

sample in 2004 and 2009 questioned all
women in the participating states with a
recent pregnancy, it is a way to estimate
the prevalence of preexisting diabetes
in women actually becoming pregnant.
However, the PRAMS authors stated that
“prevalence estimates of the risk indicators cannot be generalized to the entire
population of reproductive-age women”
(22). PRAMS 2009 data for the prevalence of hypertension 3 months before a
recent pregnancy are also presented in
Table 5.3 (23).

CHARACTERISTICS

PERCENT (95% CI)

Total
Age (years)
<20
20–34
≥35
Race/ethnicity*
Non-Hispanic white
Non-Hispanic black
Hispanic
Non-Hispanic other
Health insurance status before pregnancy
Private
Medicaid
None

1.8 (1.6–2.0)
2.0 (1.3–2.7)
1.6 (1.4–1.8)
3.0 (2.3–3.7)
1.2 (1.0–1.4)
3.3 (2.7–3.9)
2.6 (2.0–3.2)
1.8 (1.2–2.4)
1.4 (1.2–1.6)
2.9 (2.0–3.8)
2.2 (1.8–2.6)

CI, confidence interval.
* Self-reported
SOURCE: Reference 22

TABLE 5.3. Weighted Prevalence Estimates of Women Age 18–44 Years Who Were Told of Diabetes or Hypertension Before Their Most
Recent Pregnancy Yielding a Liveborn Infant or Who Were Ever Told by a Health Care Provider That They Had Diabetes or Hypertension, by
Age and Race/Ethnicity, U.S., 2009
PERCENT (95% CONFIDENCE INTERVAL)
CHARACTERISTICS
Total
Age (years)
18–24
25–34
35–44
Race/ethnicity
White
Black
Hispanic
Other

Type 1 or Type 2 Diabetes
Before Recent Pregnancy*

Told of Diabetes
Outside Pregnancy†

Hypertension 3 Months
Before Recent Pregnancy*

Told of Hypertension
Outside Pregnancy†

2.1 (1.9–2.4)

3.0 (2.7–3.2)

3.0 (2.6–3.4)

10.2 (9.8–10.6)

1.8 (1.4–2.2)
2.0 (1.7–2.4)
3.4 (2.7–4.2)

1.0 (0.7–1.5)
2.4 (2.1–2.8)
4.5 (4.1–5.0)

2.5 (1.9–3.2)
2.7 (2.3–3.3)
5.3 (4.2–6.8)

4.7 (4.0–5.5)
8.5 (7.9–9.1)
14.7 (14.0–15.3)

2.0 (1.8–2.4)
2.7 (2.2–3.5)
1.8 (1.3–2.4)
3.1 (2.2–4.2)

2.3 (2.2–2.6)
5.1 (4.2–6.2)
3.6 (2.9–4.5)
3.3 (2.3–4.4)

2.5 (2.1–3.0)
6.6 (5.3–8.1)
1.7 (1.1–2.8)
2.8 (1.9–4.0)

9.3 (8.9–9.8)
19.2 (17.5–20.9)
8.2 (7.3–9.2)
7.9 (6.7–9.3)

* PRAMS, Pregnancy Risk Assessment Monitoring System 2009
† BRFSS, Behavioral Risk Factor Surveillance System 2009
SOURCE: Reference 23
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The BRFSS, a state- and population-based
telephone survey of noninstitutionalized
adults administered by the Centers for
Disease Control and Prevention (CDC),
collected self-reports of being told
of diabetes by a health care provider
(excluding gestational diabetes) from
62,875 nonpregnant women of reproductive age 18–44 years from 51 reporting
areas in 2009 (23). The weighted estimated
prevalence of diabetes varied from 2.3%
to 5.1% in four racial/ethnic groups and,
among pooled groups, from 1.0% at age
18–24 years to 4.5% at age 35–44 years
(Table 5.3). The total prevalence of diabetes
among nonpregnant women of age 18–44
was 3.0% (95% CI 2.7%–3.2%) (23).
A BRFSS 2004 report showed that the
prevalence of self-reported diabetes was
1.5% among 35,351 nonpregnant women
of reproductive age (18–44 years) and
2.1% in the 3,288 women who reported
intending pregnancy in less than 12
months (24). The prevalence of known
diabetes was stable at 2.9% in a BRFSS
analysis of 60,974 women of reproductive
age in 2003, 75,346 women in 2007, and
of 63,769 women in 2009 (95% CI 2.7%–
3.2% for 2009) (25). Other important
self-reported comorbidities were common
in the total group for 2009 (weighted
estimates and CI): asthma in 16.2% (95%
CI 15.6%–16.7%), chronic high blood pressure (excluding only in pregnancy) in 10.1%
(95% CI 9.7%–10.5%), and high cholesterol
in 13.6% (95% CI 13.2%–14.1%) (25).
The 2002 National Survey for Family
Growth revealed a self-reported prevalence of diabetes of 2.3% among 5,955
nonpregnant women age 20–44 years
with recorded information on both
diabetes status and BMI (23.6% of total
group obese). Of 135 diabetic women,
80% were previously pregnant, 41.7%
desired pregnancy, 38.8% used no contraception, and 36.3% reported they were
surgically sterile (26).
The Medication Exposure in Pregnancy
study sponsored by the U.S. Food and
Drug Administration and conducted in
11 health maintenance organizations
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observed that 1.21% of insured women
with 437,950 deliveries of a liveborn infant
in 2001–2007 used any antidiabetic drug
in the 4 months before pregnancy; 0.33%
used insulin therapy alone. Medications
were identified from the outpatient
pharmacy dispensing data. Some of the
metformin use (0.84% of total population)
could have been for indications other than
diabetes (27). A diagnosis code for type 1
or type 2 diabetes before pregnancy was
present in 83.5% of the insulin-treated
deliveries. The frequency of preconception
insulin use was stable across the years
2001–2007, but percentages were greater
by increasing maternal age: from 0.26%
for age 12–24 years to 0.34% for age
25–39 years and 0.51% for age 40–50
years (27). The frequency of preconception insulin use was 0.33% in non-Hispanic
whites, 0.32% in blacks/African Americans,
0.24% in Hispanic women, and 0.16% in
Asian American women (27).
Thus, seven published population-based
surveys (using different methods) of
nonpregnant women of reproductive
age conducted in the United States in
2001–2009 showed a range of prevalence
of known diabetes of 1.2%–3.0% (higher in
some racial/ethnic groups) (reference 23
includes two surveys) (22,23,24,25,26,27).
The median prevalence was 2.1%. Basing
diagnoses on blood tests in women
without a history of diabetes, 1.8%–3.4%
had undiagnosed diabetes in the NHANES
2005–2010, according to major racial/
ethnic group (data prepared for Diabetes
in America) (Table 5.1). All of these studies
suggest the burden of diabetes in women
who may become pregnant. The actual
burden is influenced by the proportion of

women who are fertile and sexually active
without effective contraception and by the
mostly unknown proportion of preconception diabetic women who have associated
risk factors linked to poor outcomes
(22,23): obesity, cigarette smoking, at-risk
drinking, frequent mental distress (28),
hypertension, and high cholesterol (25).
Further analyses revealed inadequate
levels of screening and intervention for
hypertension and dyslipidemia among
women of childbearing age (29) and that
knowledge alone or a doctor’s recommendation are not enough to modify the risk
factors; “innovative programs and support
systems are required to encourage
women to adopt healthy behaviors
throughout the childbearing years” (30).
It is also important to consider the
prevalence rates of established diabetes
in younger females who may become
pregnant in the near future. SEARCH
(31,32,33,34,35) is described in detail
in Chapter 15 Diabetes in Youth; prevalences of type 1 and type 2 diabetes
among females age 15–19 years by race/
ethnicity in 2001 are shown in Table 5.4,
and the annual incidence of diabetes in
youth in 2002–2005 is shown in Table
5.5 (32,33,34,35). For the 71 African
American and 45 Hispanic females age
15–19 years with type 2 diabetes, obesity
was present in 73% and 77%, respectively
(Table 5.5) (33,35).
By 2009, the prevalence of both types
of diabetes had increased compared to
2001 in both sexes, in age groups 5–9,
10–14, and 15–19 years, and in black,
Hispanic, and white youth (36). Among
3,458,974 youth surveyed in 2009, type 1

TABLE 5.4. Type 1 and Type 2 Diabetes Prevalence Among Females Age 15–19 Years, by
Race/Ethnicity, SEARCH for Diabetes in Youth Study, 2001

RACE/ETHNICITY
Non-Hispanic white
African American
Hispanic
Asian/Pacific Islander

DIABETES CASES
(TYPE 1, TYPE 2)/
DENOMINATOR

Type 1 Diabetes

Type 2 Diabetes

788, 82 / 252,871
101, 107 / 44,699
117, 55 / 71,743
42, 34 / 40,170

3.12 (2.91–3.34)
2.26 (1.86–2.75)
1.64 (1.37–1.96)
1.06 (0.78–1.43)

0.33 (0.26–0.40)
2.40 (1.99–2.90)
0.77 (0.59–1.00)
0.85 (0.61–1.19)

PREVALENCE PER 1,000 (95% CI*)

* Confidence intervals (CI) were calculated using an inverted score test from the binomial distribution.
SOURCE: References 32, 33, 34, and 35, copyright © 2009 American Diabetes Association, reprinted with permission from the American Diabetes Association. Supplementary tables available at PubMed site for each reference; use
Full Text link to Diabetes Care. Accessed 13 December 2017
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TABLE 5.5. Annual Incidence Rates of Type 1 and Type 2 Diabetes Among Females Age
15–19 Years, by Race/Ethnicity, SEARCH for Diabetes in Youth Study, 2002–2005

RACE/ETHNICITY
Non-Hispanic white
African American
Hispanic
Asian/Pacific Islander

NUMBER OF NEW CASES (95% CI*)
(PERCENT OBESE)
PER 100,000 PER YEAR

DIABETES CASES
(TYPE 1, TYPE 2)/
DENOMINATOR

Type 1 Diabetes

Type 2 Diabetes

150, 64 / 1,498,572
34, 71 / 353,725
26, 45 / 355,210
14, 27 / 196,637

10.0 (8.5–11.8) (NA)
9.6 (6.8–13.4) (24)
7.4 (5.0–10.8) (14)
7.3 (4.4–12.2) (NA)

4.3 (3.4–5.5) (NA)
20.1 (16.0–25.4) (73)
12.6 (9.4–16.9) (77)
13.9 (9.6–20.2) (NA)

NA, not available.
* Confidence intervals (CI) were calculated using an inverted score test from the binomial distribution.
SOURCE: References 32, 33, and 34 for obesity data, copyright © 2009 American Diabetes Association, reprinted
with permission from the American Diabetes Association. Incidence rates from supplementary tables available at
PubMed site for each reference; use Full Text link to Diabetes Care. Accessed 13 December 2017

diabetes affected more youth (1.93/1,000)
than did type 2 diabetes (0.24/1,000),
although the proportion of type 2 diabetes
reached 34.2%–37.6% in black, Hispanic,
and Asian/Pacific Islander groups of
15–19-year-old youth of both sexes (37).
Diabetes of all types in all age groups
combined was somewhat more common
in females (2.30/1,000) than males
(2.16/1,000). Among 913,857 youth
age 15–19 years (both sexes combined)
surveyed in 2009, the prevalence of all
types of diabetes reached 4.03/1,000
(95% CI 3.90–4.16) (37).

established, provision of contraception
is important (39,40). The details of the
recommended preconception process
for diabetic women have been published
as official guidelines (40,41,42,43,44).
The American Diabetes Association
(ADA) recommends: “Starting at puberty,
preconception counseling should be incorporated into routine diabetes care for all
girls of childbearing potential. Family planning should be discussed and effective
contraception should be prescribed and
used until a woman is prepared and ready
to become pregnant” (40).

A summation of the SEARCH study
published in 2014 noted that many youth
with diabetes, especially those with type 2
diabetes, have very poor glycemic control
and already have strong risk factors for
chronic complications (38). This does
not bode well for young diabetic women
becoming pregnant. A special problem is
the transition of young patients with type 1
diabetes from pediatric to adult care (38).

There is information from the general
population about optimal interpregnancy
interval (pregnancy spacing) that should
be considered in the counseling of parous
diabetic women. Intervals that are less
than 6–11 months (45,46,47,48) or longer
than 24–60 months (depending on the
study) (45,46,48,49) were associated
with increased rates of neonatal mortality,
morbidity, and major congenital malformations (50,51).

PRECONCEPTION CARE OF
DIABETES AND CONTRACEPTION
Planning of Pregnancy
Counseling of the female adolescent or
woman with type 1 or type 2 diabetes
about risks of pregnancy associated with
diabetes and its complications and the
means of lowering risks is an important
step of planning for pregnancy or its delay.
Thorough clinical and laboratory evaluation of the patient is necessary, including
assessment of mental health status and
her support system. Until this is done
and a safe level of glycemic control is

A common explanation for a short interval
association is maternal depletion of
nutrient stores, although the observed
association might be due to residual
familial confounding (49,52). Risk factors
for the association also may be risk
factors for adverse perinatal outcomes,
such as socioeconomic status, relationship (marital or non-marital) status, high
or low maternal weight, or poor glycemic
control coupled with the stress of infant
care (52). A few of the studies of interpregnancy interval included women with

pregestational diabetes (47,48,51), but
separate analyses were not done for this
subgroup. Whether short interpregnancy
interval in particular is causal for poor
pregnancy outcomes remains controversial, and more studies need to be analyzed.
Women who had gestational diabetes
form a special subset of childbearing
women with a risk of developing
type 2 diabetes before the next pregnancy (11,53,54,55). In a national U.S.
retrospective analysis of insurance claims
for women who delivered in 2006–2011,
among 645,195 pregnancies that did not
end in miscarriage (excluding unknown),
3.2% of 50,872 women with gestational
diabetes progressed to type 2 diabetes
within 3 months of delivery (54). The
rate would be expected to increase
dramatically over 5 years after delivery
(53). Active follow-up after pregnancy of
women who had gestational diabetes is
poor in the United States (55,56,57) and
elsewhere (58,59,60,61,62). Lifestyle
interventions have been shown to prevent
or delay the onset of type 2 diabetes in
women who had gestational diabetes
(63,64). This high-risk group should
be targeted (53,60,61) for enhanced
breastfeeding, contraception, behavior
modifications (including appropriate
weight loss), screening for diabetes in the
years after pregnancy, and preconception
management as needed.

Utilization of Preconception Care
Although preconception care of diabetic
women is effective for the prevention of
adverse outcomes (39,40,41) and such
care should be coordinated with contraception, both preconception care and
contraception continue to be underutilized among women with diabetes of
reproductive age (65,66,67,68,69,70,71).
Systematic reviews and meta-analyses
of cohort studies conclude that preconception care of diabetes reduces the
frequencies of major congenital malformations, preterm delivery, and perinatal
mortality compared to outcomes in
women who had no specific preconception care (71,72,73,74,75,76,77,78).
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A 2001 meta-analysis (72) of preconception care of diabetic women included eight
prospective and six retrospective cohort
studies; major congenital anomalies
were assessed by physical examination
of liveborn and stillborn infants of 1,192
mothers who had received preconception
care and 1,459 mothers who had not.
The pooled rate of major malformations
was lower among preconception care
recipients (2.1%) than nonrecipients (6.5%)
(relative risk [RR] 0.36, 95% CI 0.22–0.59,
no heterogeneity present) (72). A 2012
meta-analysis included nine prospective
cohort studies and four retrospective
studies; the pooled rate of major malformations was 1.9% among 1,348 infants of
diabetic women who received preconception care and 7.4% among 2,159 infants
of diabetic women who did not (RR 0.25,
95% CI 0.16–0.37) (73). Modeling studies
of preconception care also suggest beneficial impact (76,77,78) and cost savings
(79,80,81) via risk reduction of major
birth defects, preterm birth, and perinatal
mortality.
Limitations of studies of preconception
care of diabetes include the lack of
randomized controlled trials (unethical
to carry out), inconsistent inclusion of
pregnancies terminated early due to
major congenital malformations, lack of
follow-up of infants for the first year of
life for late detection of congenital anomalies, and exclusion of aneuploidy. Also
important are differences in published
definitions of pregnancy planning versus
preconception advice or counseling versus
intensified preconception care (71).
An important reason for low utilization
of preconception care is the frequency
of unintended pregnancies. The PRAMS
reported that about half or more of pregnancies were unintended in women who
stated they had diabetes before gestation
(22,23). Surveys in the U.S. general population in 2006–2010 showed unintended
pregnancy rates of 37.1% (82), 42.9% (83),
and 51% (84). One survey of 21,161,000
births categorized the 37.1% unintended
pregnancies as unwanted (13.8%, standard
error [SE] 0.78), mistimed with birth occurring <2 years before the mother wanted
to become pregnant (9.2%, SE 0.75), and
5–8

mistimed with birth occurring ≥2 years
before intended (14.0%, SE 0.93) (82). The
authors examined the multiple stated
reasons for not using contraception at
conception among women who had an
unintended birth, and 35.9% (SE 2.43)
women agreed with the statement “did not
think you could become pregnant” (82).
Correlates of more unintended pregnancies
in all the surveys were young maternal age,
unmarried status, and lower income levels
(82,83,84).
A retrospective PRAMS study (85) of
self-reported behaviors conducted in 10
states in 2009–2010 determined that
1.5% (SE 0.1) of 23,386 women with
recent pregnancies had prepregnancy
diabetes and 52.6% (SE 4.0) of them
said yes to the question: “Before you got
pregnant with your new baby, did you
talk with a doctor, nurse, or other health
care worker to prepare for a healthy pregnancy and baby?” (85). This response was
called positive for preconception care. No
outcome data were presented.

of congenital malformations (major and
minor) among live and stillbirths for 2010–
2014 (2.0%) compared to 2005–2009
(5.9%; 2.6% in background population)
(88). These results were obtained despite
more obesity (43% vs. 29% with BMI >30
kg/m2, p=0.002) in the later time period
(88). In 2010–2014, there were significant
increases in attendance at prepregnancy
care (from 23% to 49%, p<0.001), use
of folic acid (45% to 71%, p<0.001), and
patients with first trimester A1c ≤6.5%
(16% to 33%, p<0.001) (88). A separate
analysis of pregnancy outcomes and
costs associated with 149 diabetic women
who participated in prepregnancy care in
this regional program compared to 265
women who did not confirmed the better
results, including lower rates of serious
adverse outcomes in offspring of women
with type 1 diabetes (1.8% vs. 11.4%,
p=0.003), and that the program was costsaving relative to the average cost of usual
antenatal care and delivery (89).

At a regional center in Ohio, utilization of
preconception care for type 1 diabetes
was 37% and the congenital malformation rate was low at 2.2% during a
period 11–15 years after introduction of
a well-advertised preconception program
(87). Despite the information available in
the region, utilization declined to 19.5%
and the malformation rate rose to 3.7%
when National Institutes of Health funding
was discontinued and the program
became less active (87).

In Ontario, Canada, a survey of 163
pregnant women with type 1 or type 2
diabetes in 2006–2008 showed that
47% reported “high pregnancy planning
effort,” coupled with attempts to optimize
glycemic control in most of the planned
pregnancies (90). The most important
predictor of pregnancy planning was
discussion with the physician (90). For
1996–2010, the survey was extended to
the whole province (91). In this analysis,
93.8% of 13,278 women with preconception diabetes who later delivered were
found to have a prepregnancy visit with a
primary care physician within the 21- to
9-month window prior to the delivery date
(91). When there were multiple visits, the
great majority were to the same physician.
What is unknown is how much pregnancy
preparation occurred at those visits. The
major malformation rate declined over
those years from 7% for 1996–1997 to
5.5% for 2009–2010 (91), but it was
unknown whether pregnancy terminations
for malformations increased, as has been
seen elsewhere.

The introduction of a systematic regional
program of intensified use of preconception care of type 1 and type 2 diabetes in
West Ireland resulted in a lower frequency

Utilization rates of 27.6%–58.6% for
women with unspecified preexisting or
type 1 diabetes were published in 2003–
2016 for preconception “advice, “care,”

An assessment by questionnaire of 236
diabetic women age 18–45 years in three
managed care organizations in California,
Indiana, and Michigan showed that 52%
recalled that their current health care
provider had mentioned the importance
of good glucose control before pregnancy,
and only 37% recalled family planning
advice (86). No data were provided on
measures of hyperglycemia or pregnancy
outcome.
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“counseling,” “guidance,” or “planning
plus folic acid” in European countries
(Table 5.6) (89,92,93,94,95,96,97,98,99).
There was one outlier at 84% for “planned
the pregnancy” in the Netherlands (100).
Lower rates of utilization of counseling
plus management (24.0%–29.2%)
were reported for women with type 2
diabetes before pregnancy (Table 5.6)

(89,92,95,97,99). One survey reported
46.5% utilization of prepregnancy “advice”
for 556 women with type 2 diabetes in
a regional database in England (98); no
outcome data on congenital malformations were reported.
A 2-year extension (101) of one survey
(99) in Northern England found that

attendance for preconception “care”
by 1,753 women with type 1 diabetes
actually declined over the years 1996 to
2010. Only 28.2% of all diabetic women
had adequate periconception A1c (<7%
[<53 mmol/mol]) (101). Another analysis
of this population showed that the utilization of preconception care and level
of periconception A1c did not improve

TABLE 5.6. Preconception Care of Diabetes in Population-Based or Multicenter Studies Reported Since 2000
MAJOR CONGENITAL MALFORMATIONS, n (%)

NUMBER PDM
PREGNANCIES BY
TYPE OF DIABETES

PERCENT
PRECARE*

DEFINITION OF
PRECARE*

All hospitals

Type 1: 289
Type 2: 146
Type 1: 323‡

48.5
24.0
84

All hospitals

Type 1: 1,218§

Scotland, 1998–1999,
2003–2004 (94)
Italy, 1999–2003 (95)

All hospitals,
prospective
33 centers

West Ireland,
2006–2014 (89)
East Anglia, England,
2006–2009 (96)
North England,
2001–2004 (97)‡‡

All hospitals,
prospective
All hospitals,
prospective
Regional
database

Type 1: 423
(includes S/TAB)
Type 1: 504
Type 2: 164
Type 1: 269
Type 2: 145
560 PDM deliveries**

58% of 1,153
women with
information
50.4

Information,
management
Planned the
pregnancy
Guidance

REGION, YEARS (REF.)
France, 2000–2001
(92)
Netherlands,
1999–2000 (100)
Denmark, 1993–1999
(93)

England, three regions,
2007–2008 (98)
North England,
1996–2008 (99)║║

POPULATION
12 centers

Regional
database
Regional
database

43.9
29.1
41.3
26.2
27.6

Type 1: 418
Type 2: 119

48.4
31.1

Type 1: 812
Type 2: 556
Type 1: 1,314
Type 2: 363

58.6
46.5
44.4
29.2

Type 1: 1,314
Type 2: 363

32% folic acid
27% folic acid

Precare*

No Precare*

1/140 (0.7)
1/35 (2.9)
11/271 (4.1)

12/149 (8.1)†
4/111 (3.6)†
6/52 (11.5)

38/669 (5.7)§

55/549 (10.0)§

Planned the
pregnancy
Counseling,
management
Counseling,
management
Counseling,
management
Counseling

28/213 (13.1)║

55/210 (26.2)║

NR¶

NR¶

1/124 (0.8)#
p=0.04
1/152 (0.7)††
2/152 (1.3)††
PDM pooled
14/240 (5.8)‡‡

12/229 (5.2)#

Advice§§

NR

“Care” undefined

PDM pooled
41/683 (6.0)║║

Preconception
folic acid

Folic acid
22/518 (4.2)║║

23/408 (5.6)††
32/408 (7.8)††
PDM pooled
30/297 (10.1)‡‡
p=0.027
NR
PDM pooled
79/985 (8.0)║║
unadjOR 1.37
(95% CI 0.92–2.02)
No folic acid
85/1,028 (8.3)║║

A1c, glycosylated hemoglobin; CI, confidence interval; NR, not reported; OR, odds ratio, adjusted (adj) or unadjusted (unadj); PDM, preexisting diabetes mellitus in pregnancy;
S/TAB, spontaneous/therapeutic abortion; w, weeks gestation.
* Preconception care of diabetes for all specifications of preexisting diabetes
† In pooled type 1 and type 2 diabetes, four pregnancies were terminated for major congenital malformations, and eight perinatal deaths were associated with major
malformations.
‡ Included multiple pregnancies and two pregnancy terminations for major congenital malformations and two for chromosomal abnormalities. Classified chromosomal abnormalities as major malformations. Database included 328 fetuses of ≥24 w or ≥500 g, plus the terminations.
§ Included deliveries ≥24 w (28 sets of twins) and three pregnancy terminations for severe malformations. Serious adverse outcomes included major and minor malformations
detected in first week of life, plus perinatal mortality (26 stillbirths and 12 neonatal deaths in first week of life).
║
║ Singleton pregnancies. Adverse outcomes included major malformations, perinatal mortality, miscarriages, and ectopic and molar pregnancies; rate of adverse outcomes was
5.9% (4/68) when contraception was discontinued after an optimal A1c level was achieved.
¶ Overall, 4.9% major congenital malformations in the diabetic women versus 0.86% for normal Italian pregnancies.
# Percentages are based on the number of liveborn plus stillbirths as denominators, excluding 25 miscarriages in the prepregnancy care group and 36 in the no prepregnancy
care group. Miscarriage defined as spontaneous pregnancy loss prior to 20 w. Apparently, there were no pregnancy terminations.
** Excluded 28 miscarriages defined as spontaneous termination of pregnancy before 24 w and one elective termination of pregnancy in the prepregnancy care group, and 71
miscarriages and 16 elective terminations of pregnancy in the group without prepregnancy care.
†† Denominators for serious adverse outcomes include deliveries after 20 w, plus nine early pregnancy terminations for congenital malformation in the no prepregnancy care
group. In the latter group, there were six stillbirths and three neonatal deaths compared to only one stillbirth in the prepregnancy care group. Numerators represent malformations (top row) and serious adverse outcomes (bottom row), defined as malformation with or without termination of pregnancy, stillbirth, or neonatal death.
‡‡ Included singleton delivered pregnancies (excluded miscarriages and pregnancy terminations). Adverse pregnancy outcomes in women of both types of diabetes included
major congenital malformations and perinatal deaths.
§§ Of 1,201 pregnancies with relevant data, 19.9% had “adequate pregnancy preparation, defined as preconception folic acid and first trimester A1c <7% (<53 mmol/mol).
[overall] Serious adverse outcome rates (major malformation and perinatal mortality) were 55/1,000 and had not improved since 2002–2003.”
║║ Included all singleton pregnancies resulting in live birth, stillbirth ≥24 w, late fetal loss (20–23 w), or termination of pregnancy following prenatal diagnosis of a fetal anomaly
(any gestation). Denominators different for nonchromosomal congenital anomaly outcomes (pooled types of diabetes) due to cases with missing data. Adjusted relationship for use of folic acid (unadjOR 2.03, 95% CI 1.26–3.29) was not significant due to relation to periconception A1c (adjOR 1.30, 95% CI 1.18–1.43). Overall, relative risk
of nonchromosomal major congenital anomalies was 7.2%; relative risk 3.8 (95% CI 3.2–4.5) for women with diabetes compared to pregnancies without diabetes (1.9%
anomalies).
SOURCE: References are listed within the table.
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in 220 second pregnancies, especially
in those with adverse outcomes in the
first pregnancy (102); the rate of major
congenital anomalies was actually higher
in second (9.5%) than first pregnancies
(6.4%). Previous adverse outcome was
not associated with preparation for the
following pregnancy (102). In a survey of
the largest health plan in Israel, despite
a country-wide emphasis on the value of
preconception care of diabetes, 49% of
diabetic women becoming pregnant in
2008–2011 had a periconception A1c at
the goal of <7.0%, only 45% used folic acid,
and 13.9% continued the use of potentially
teratogenic drugs in the first trimester
(103).
In three regions of England, documented
prepregnancy “advice” was provided to
about half of 1,381 diabetic pregnancies
in 2007–2008 (retrospective audit) (Table
5.6) (98). Only 19.9% of 1,201 pregnancies with first trimester glycemic control
data were considered to be adequately
prepared for pregnancy with both preconception folic acid use and first trimester
A1c <7.0%. The only independent predictor
of increased risk of serious adverse
outcomes (major malformations or perinatal death) was first trimester glycemic
control (adjusted odds ratio [OR] per 1%
increase in A1c 1.38, 95% CI 1.21–1.57).
The optimal A1c was considered to be
<6.1% (<43 mmol/mol) during the first
trimester to avoid adverse outcomes (98).
The A1c level of <6.1% is slightly lower
than the statement by the ADA that “the
quantity and consistency of data are
convincing and support the recommendation to optimize glycemic control prior
to conception, with A1c <6.5% associated
with the lowest risk of congenital anomalies” (40). The official recommendation
from the U.K. National Institute for Health
and Care Excellence (NICE) is to try to
achieve A1c <6.5% before pregnancy and
to delay pregnancy if A1c exceeds 10% (86
mmol/mol) (42).
Evaluation of standardized A1c assays
in normal pregnancy shows a decline
of the reference ranges to 4.1%–4.5%
(5th percentile; 21–26 mmol/mol) up
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to 5.7%–5.9% (95th percentile; 39–41
mmol/mol) by 14 weeks normal gestation (104,105,106). This may reflect
the increased red cell turnover during
pregnancy rather than ambient glycemia
per se. Dutch (100) and Danish (105)
investigators reported that first trimester
standardized A1c levels >6.0%–7.0%
(>42–53 mmol/mol) were linearly associated with serious adverse pregnancy
outcomes.

type 2 diabetes before the second pregnancy (6.3%) compared to 7.7% in 802
women with pregestational diabetes in the
previous and current pregnancy (115). In
a study of treatment of type 2 diabetes
in youth in the United States, among 452
enrolled female participants, 46 (10.2%)
had at least one pregnancy, despite reinforcement of the need for contraception
(116). Of 39 liveborn infants, 8 (20.5%)
had a major congenital anomaly (116).

Studies show that women with type 2
diabetes are less likely to use preconception care than women with type 1 diabetes
(Table 5.6) (89,92,96,97,99,101,107). In a
multicenter survey in West Ireland, 44% of
215 women with type 1 diabetes attended
prepregnancy care and 65% used folic
acid prior to pregnancy (presumably
between 2007 and 2014) compared to
34% and 55% of 108 women with type
2 diabetes, respectively (108). It was
notable that prepregnancy folic acid use
was only 47% in 447 control women with
type 1 diabetes and 43% in 213 controls
with type 2 diabetes (108). A composite
of major congenital malformations and
stillbirths remained higher in fetuses
of women with each type of diabetes
compared to matched controls for each
group (108). In the southeast region of
Poland during 1999–2009, an intensive
diabetes management program before
pregnancy was utilized by 41.1% of 345
women with type 1 diabetes compared to
31.4% of 70 women with type 2 diabetes
(109). Pregnancy planning produced
significantly lower A1c levels in the first
trimester for both groups, but the proportion of women achieving the goal was not
provided (109).

Thus, the rising tide of type 2 diabetes in
women of reproductive age contributes to
the prevalence of birth defects, as does
the global increase in type 1 diabetes. The
fact that many cases of type 2 diabetes
are unrecognized before pregnancy
magnifies the problem. For this reason,
medical organizations (42,117,118)
recommend that some form of testing
for hyperglycemia should be routinely
included in early prenatal laboratory
testing in populations with a high prevalence of diabetes.

The low utilization of preconception care
in women with type 2 diabetes is problematic, because most studies report that
these women have a similar excess risk of
malformations related to hyperglycemia
before and during organogenesis as
women with type 1 diabetes (99,107,108,
109,110,111,112,113,114). In an analysis
of 62,013 repetitive pregnancies in Utah,
total congenital anomalies were not
signficantly higher than controls (4.5%)
in 458 women who developed mostly

Perhaps the strongest associations are with moderate-to-severe
obesity and congenital heart defects
(131,132,133,134). U.S. population-based,
case-control studies examined the interaction between obesity and diabetes,
showing obesity to be an independent risk
factor (132,133,134). Whether obesity
is additive with hyperglycemia needs
further study in diabetic women (see the
section Major Congenital Malformations
for reference to epidemiologic studies of

Potential Confounders of the Relation
of Preconception Glycemic Control to
Major Malformations
Aside from preconception care and
glycemic control, other possible
predictors of congenital malformations include diabetic vascular disease
(71,99), hypertension and its treatment (119,120,121,122,123,124),
alcohol use and smoking cigarettes
(125,126,127,128), and obesity
(71,129,130,131,132,133,134). Ideal
studies of diabetes, birth defects, and
preconception management of hyperglycemia account for these possible risk
factors.
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possible diabetes-obesity gene interactions and malformations). Other studies
found no modification by folic acid use
of the association between obesity and
congenital heart defects (133) or spina
bifida, although it is expected that the
combination of obesity and low folate
intake is additive (135).
Investigators agree that finding associations of malformations with folic acid is
more difficult to establish in the era of
universal additives to grains in the United
States and Canada. Studying the concept
that use of multivitamin supplements
containing folic acid will reduce rates of
congenital anomalies in general (136) and
diabetes-associated birth defects in particular (137,138) is limited by small numbers
of women with preexisting diabetes and
no measure of hyperglycemia in national
case-control studies of birth defects
(135,138). Within the limitations, the
combination of maternal diabetes and low
periconceptional intake (<400 mcg/day)
of folic acid seemed to be associated with
the highest risk (135,138). There are no
randomized controlled trials of periconception use of folic acid in diabetic women.
Epidemiologic studies showing an influence of periconception nutrient intake
(139,140,141,142) and subtle maternal
metabolic changes (143,144) on an
increased risk of specific congenital
malformations in the general population
should be applied to surveys of diabetic
women. Preconception care of diabetes
may improve maternal nutrient intake and
contribute to its benefit, but experimental
studies show a direct teratogenic effect
of glucose on various malformations
(145,146). Possible interactive effects of
hyperglycemia and its molecular mechanisms, obesity, and intake of nutrients on
congenital malformations should be investigated in diabetic women.
Few cohort studies of preconception care
of diabetic women have included data on
periconception use of multivitamins, folic
acid, antioxidants, aspirin, or medications
commonly used in diabetes (statins
(147,148,149); angiotensin converting
enzyme-inhibitors (150); angiotensin

receptor blockers (151)). Fortunately,
there is no strong evidence that aspirins,
standard antihyperglycemic medications,
or insulins, including analogues, are teratogenic (71,152). In sum, use of statins
(153,154,155) and antihypertensive drugs
during early pregnancy remains controversial (42,117,156,157,158,159,160), but the
data reviewed do not seem to challenge
current guidelines, suggesting caution.
Although no large studies have been
conducted on structural birth defects
associated with oral contraception that
was continued during early unintended
or unrecognized pregnancy in diabetic
women, there are mostly reassuring
general data from the National Birth
Defects Prevention Study (161). This
multisite, case-control study included
mothers of 9,986 infants with 32 types
of defects and 4,000 infants without
birth defects. The only significant associations with oral contraceptive use
during the first 3 months of pregnancy
were for hypoplastic left heart syndrome
(adjusted OR 2.3, 95% CI 1.3–4.3) and
gastroschisis (adjusted OR 1.8, 95% CI
1.3–2.7). However, confounders such as
undiagnosed diabetes, BMI, age, and lack
of folate were incompletely adjusted for,
and it is unclear whether the relatively
low amounts of exogenous hormones
were responsible for malformations. The
authors also reviewed previous studies
and concluded that women who use oral
contraceptives during early pregnancy
have no increased risk for most types of
major congenital malformations (161).

Contraception for Diabetic Women
Given inadequate glycemic control and
suboptimal nutrition in many diabetic
women of reproductive age, effective
use of contraception is important in
preconception care. This concept needs
to be emphasized in primary as well
as diabetes specialist care, because
survey research indicates that 37%–51%
of all pregnancies are unplanned or
unintended, including those in diabetic
women (26,65,86). Despite promulgation
of guidelines on use of contraceptive
methods that are safe for diabetic women
(162,163,164,165,166,167), utilization

of contraception by diabetic women
has been low compared to nondiabetic women, at all age ranges
(65,66,67,68,69,70,168).
In a cohort of 452 female youth with
type 2 diabetes enrolled in a multicenter
randomized controlled trial of treatment
options, with special attention paid to
avoidance of pregnancy, 46 youth (10.2%)
had 63 pregnancies (116). “Despite
continued emphasis on adequate
contraception, only 4.8% of the pregnant
participants reported using contraception
prior to pregnancy” (116). Pregnancy
outcome was poor in 53 remaining pregnancies after excluding seven pregnancies
that were electively terminated and three
with no data. The rate of other pregnancy
loss was 12 of 53 (22.6%), plus two stillbirths. Of 39 liveborn infants, 15.4% were
delivered preterm, and 20.5% had a major
congenital anomaly (116).
Using an analysis model based on outpatient visit data on nonpregnant women
age 14–44 years collected in the National
Ambulatory Medical Care Survey and
the National Hospital Ambulatory Care
Survey for 1997–2000, investigators
estimated an adjusted odds ratio of 0.42
(95% CI 0.21–0.82) for receipt of contraceptive counseling at ambulatory visits
for diabetic women (918 visits) compared
to nondiabetic women (22,064 visits)
(66). Others analyzed the responses
of 5,955 participants age 20–44 years
in the 2002 National Survey for Family
Growth to examine contraceptive practices among diabetic women and obese
women (26). An unadjusted odds ratio of
2.61 (95% CI 1.22–5.58) was estimated
for contraception nonuse in 75 diabetic
women who were sexually active and not
sterilized (vs. 4,394 controls) (26). After
adjustment for eight relevant factors in
the latter study (26), the odds ratio for
contraception nonuse declined to 1.94
(95% CI 0.81–4.19).
Studies of barrier methods of contraception in diabetic women are limited. In the
2002 National Survey for Family Growth,
barrier methods were used by 11.1% of
135 diabetic women and 15.8% of 5,820
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controls; hormone-based methods were
used by 15.3% of diabetic women and
26.4% of controls (26). Table 5.7 shows
the proportion of 8,182 diabetic women
in the age groups 15–24, 25–34, and
35–44 years receiving contraceptive
counseling, prescriptions, or services in
2006–2007 in Northern California (68).
Types of contraception are categorized
in the table (excluding condoms). In the
youngest and oldest age groups, more
than 50% of diabetic women received no
contraceptive prescriptions or counseling (68).
The reasons for low utilization of contraception are complex (26,68,69,169,170,
171,172,173,174). There is a disconnect
in the minds of many diabetic adolescents and women between no desire for
pregnancy soon and the chance of an
unintended or unplanned pregnancy (175).
It is proposed that focusing on desire for
pregnancy will better predict family planning practices and effective preconception
care than “intendedness” of pregnancy
(26,175,176), although this is yet to be
demonstrated in diabetes populations. For
example, a national BRFSS study of the
lack of relation between intending pregnancy within 12 months and improving
health-related behaviors in sexually active
women age 18–44 years, included 530
women with self-reported diabetes, 69
(13%) of whom intended pregnancy within
1 year (177). However, no subanalysis
was done to determine how many of this
subgroup were smoking less tobacco,
drinking less alcohol, using folic acid, or
considering contraception in relation to
glycemic control.
Regarding safety of contraceptive
methods, use of preparations containing
oral estrogens is not advised for diabetic
women with vascular risk factors,
including obesity and/or hypertension
(162), due to increased risk of thromboembolism (178). A Danish historical cohort
study of 1,626,158 female subjects
included nonpregnant diabetic women
age 15–49 years with no history of cardiovascular disease or cancer, who were
followed for 15 years, during 1995–2009
(178). Use of hormonal contraception,
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TABLE 5.7. Proportion of Nonpregnant Women With Diabetes Receiving Contraceptive
Counseling, Prescriptions, or Services, or Not, Between January 2006 and June 2007, by
Age, Kaiser Permanente Northern California Managed Care System
PERCENT
Age (Years)
ACTIVITY
Highly effective
Hysterectomy
Tubal and transcervical sterilization
Intrauterine method
Subdermal implant
Moderately effective
Injectable
Pill, patch, or ring
Less effective
Cervical caps, diaphragms
Emergency contraception
Counseling without prescriptions
No contraceptive prescriptions,
no counseling

Total
(N=8,182)
20.6
5.5
9.4
5.6
0.05
16.5
3.1
13.4
0.6
0.2
0.4
10.3
52.2

15–24
(N=716)

25–34
(N=1,678)

35–44
(N=5,788)

1.5
0.1
0.6
0.8
0
32.6
5.5
27.1
1.3
0
1.3
13.3
51.4

14.0
1.4
5.8
6.7
0.1
26.5
3.9
22.6
1.1
0.2
0.9
16.9
41.5

24.8
7.4
11.6
5.8
0.03
11.6
2.6
9.0
0.4
0.2
0.2
8.0
55.3

SOURCE: Reference 68, copyright © 2012 Springer, reprinted with permission

clinical endpoints, and potential
confounders were obtained from national
registries. Medical risk factors were identified by the use of medications to treat
those conditions (i.e., diabetes, heart
arrhythmia, hypertension, and hyperlipidemia) (178). Study of the diabetic
women yielded 123,264 person-years
for analysis. In the diabetic group, there
were 151 thrombotic strokes per 100,000
person-years (adjusted RR 2.73 compared
to no exposure, 95% CI 2.32–3.22) and
129 myocardial infarctions per 100,000
person-years (adjusted RR 4.66, 95% CI
3.88–5.61) (178). The relative risks were
adjusted for the other positive risk factors
of hypertension, hyperlipidemia, and
smoking. Among these, diabetes had the
highest independent risk; no risk engine
was developed for women with more than
one risk factor (178).
In separate analyses of the total population, the number of person-years was
fairly evenly distributed among seven age
groups from 15–19 to 45–49 years, but
the risks of both thrombotic stroke and
myocardial infarction rose progressively
with increasing age (178). Analysis of risk
by type of contraceptive showed significant risk with combined oral contraceptive
preparations, with increasing relative risk
for myocardial infarction with increased

doses of ethinyl estradiol (p<0.001 for
trend), but no increased risk of arterial
thrombosis with progestin-only pills. There
was increased risk of thrombotic stroke
with the vaginal ring (adjusted RR 2.49,
95% CI 1.41–4.41), but not for myocardial
infarction. Use of the contraceptive patch
had a small number of person-years (178).
Two earlier case-control studies found
increased risk of ischemic stroke (179)
and myocardial infarction (180) in diabetic
women, and the latter study showed
more increased risk of myocardial
infarction in diabetic women exposed to
oral contraception (180). The dilemma
persists of a small absolute risk seen in
a large population versus the responsibility for a potential risk in an individual
patient. Potential length of exposure to
a contraceptive method must also be
considered. In a sample of 987 privately
insured women of reproductive age in
Pennsylvania who were sexually active but
not intending pregnancy for 1 year, 130
women had a medical contraindication
to estrogen-containing contraceptive use,
including diabetes with complications
(181). High use of combined hormonal
contraceptives was reported among these
women (39%). The authors concluded
that “processes need to be improved
to ensure that women with medical
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contraindications to estrogen-containing
contraception are being offered the safest
and most effective methods, including
long acting reversible contraceptives, such
as intrauterine devices and the contraceptive implant” (181).
Regarding renal disease, the finding that
oral contraception use was associated
with microalbuminuria in nondiabetic
women (182,183) was confirmed in a
20-year follow-up study of 114 women with
type 1 diabetes in Denmark (184). None
of the patients had microalbuminuria at
baseline, but macroalbuminuria developed
in 18% of 33 oral contraceptive users
compared to 2% of 81 nonusers. After
adjustment for known risk factors, oral
contraception use remained a predictor
for the development of macroalbuminuria
(RR 8.90, 95% CI 1.79–44.4). The findings might be related to the well-known
effect of oral contraceptives stimulating
the renin-angiotensin-aldosterone system
(184,185), but the association needs to
be studied in large cohorts. Combined

hormonal contraception with a transdermal
patch did not stimulate the renin-angiotensin system in healthy premenopausal
women, presumably related to lack of
first-pass hepatic metabolism with the
patch (185). This could be a fruitful area for
research in diabetic women.
Regarding hormonal contraceptive use
among women with known dyslipidemias,
a systematic review of only three articles
meeting inclusion criteria concluded
that the limited data from poor-quality
case-control or cohort studies suggested
that such women may be at increased
risk for myocardial infarction and may
experience a minimally increased risk
for cerebrovascular accidents or venous
thromboembolism (186). Additional
rigorous research is needed to assess true
associations.
There are many factors potentially
affecting contraceptive use in women
with diabetes. A meta-analysis of seven
North American clinical trials on the effect

of obesity on the effectiveness of oral
contraceptives in the general population
suggested a 44% higher pregnancy rate
during combined oral contraceptive use
for obese women after adjusting for age
and race (187). Studies also have examined the lack of use of contraception in
women prescribed potentially teratogenic
medications (188,189,190). The possible
benefit of hormonal contraception to
diabetic women, e.g., reduction of risk of
some types of cancers, has not been well
studied.
In summary, the focus of preconception
care for diabetic women should be provision of effective and safe contraception
(and multivitamins with folic acid) until
all high-risk conditions are brought
under control as well as possible (40),
including hyperglycemia, hypertension,
albuminuria/renal function, retinopathy,
depression (53,191,192), eating disorders (193,194,195), gastropathy, and
hyperlipidemia.

PREVALENCE OF PREEXISTING DIABETES DURING PREGNANCY
The true prevalence of preexisting
diabetes (type 1 and type 2) during
pregnancy cannot be obtained from an
analysis of most birth or hospital records,
since they usually do not include spontaneous and induced abortions prior to
20 weeks gestation (196). Further, until
about 2000, birth certificates included
gestational diabetes in the category of
glucose intolerance during pregnancy.
Even with “established diabetes” separated from “gestational diabetes” since
2003 (197), birth certificate data tend
to underreport preexisting diabetes
mellitus, whether used for prevalence
or linkage to complications of pregnancy
(198,199,200,201,202). Coding from
hospital discharge data yields a higher
sensitivity for preexisting or established
diabetes in pregnancy, although it usually
includes only deliveries beyond 20 weeks
gestation (198,199,200,201,202) and may
not include stillbirths. Linkage of birth and
death certificates to hospital discharge
data will improve the reporting of diabetes
in pregnancy and its complications

(198,200,202,203,204,205). However, it is
recognized that clinical coding on hospital
discharges may be incomplete (201).
Investigators have used birth certificates
(196,206), integration of diabetes registries with pregnancy registries (206,207),
audits of a regional perinatal database
(206,207,208,209,210,211), regional
(202,203,212,213,214) or national
(215,216,217,218,219) delivery hospitalization records, primary care databases
(220), insurance claims databases
(54,221), or postpregnancy questionnaires/telephone interviews (22,23) to
estimate changes in the prevalence of
preexisting diabetes mellitus in pregnancy
since the 1990s. Ontario, Canada, has a
useful system that links “the delivering
mother to her newborn where each
record corresponds to a mother-child
pair” (91). Hospital discharge records
were then linked to a provincial diabetes
database and to an outpatient health
services database to obtain the data for a
prominent study of prevalence, services,

and outcomes (91). Analyses linking the
California birth certificate registry to statewide hospital discharge data and death
certificate data achieved similar results
(203,204).
Large studies of diabetes prevalence
(n/100 births) in pregnancy in the United
States are summarized in Table 5.8 and
for Canada in Table 5.9. The methods
of data acquisition are presented in the
footnotes to the tables. The age-adjusted
prevalence of total preexisting diabetes
mellitus in pregnancy in the 2000s ranged
between 0.65% and 1.83% in the United
States (206,207,213,216,217,218). The
variance could be explained by differences in methods of data collection and
in BMI, ethnic/racial mix, years of study,
and region. All national studies found the
highest prevalence of total preexisting
diabetes in pregnancy in the South
(including West Virginia) (54,216,217,218).
Arizona, California, Hawaii, and Oregon
are other regions with higher prevalence
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TABLE 5.8. Increase in Prevalence in Pregnancy of Type 1 Diabetes, Type 2 Diabetes, or Total Preexisting Diabetes Mellitus, PopulationBased Studies, United States, 1994–2014
PERCENT (n/100) OF TOTAL BIRTHS
REGION (REF.)
United States (217)*
United States (216)†

United States (218)‡
United States (54)§
California (213)║
Southern California (206)¶

Northern California (207)#

YEARS

NUMBER OF CASES

1993
2009
1994
1999
2004
2000
2010
2004–2011

NR
36,851
217,777 for all
years 1994–2004

2001
2007
1999
2002
2005
2000–2002
2006–2008
2012–2014

13,217
18,168
11,261 births and
miscarriages
22,331 for all
years 2001–2007
245 births
377 births
537 births
663 births
895 births
1,152 births

Total PDM
(95% CI or SEM)
0.62
0.90 (0.83–0.98)
0.33
0.47
0.75
0.65
0.89
1.34
0.69
0.86
0.81 (0.02)
1.25 (0.02)
1.83 (0.03)
0.65 (0.60–0.71)
0.98 (0.92–1.04)
1.06 (1.00–1.13)

Type 1 Diabetes

Type 2 Diabetes

0.24
0.31
0.33

0.09
0.16
0.42

0.13

1.21

0.13 (0.11–0.16)
0.20 (0.18–0.23)
0.24 (0.21–0.27)

0.49 (0.45–0.54)
0.73 (0.68–0.79)
0.78 (0.73–0.83)

CI, confidence interval; DRG, Diabetes-Related Group; HCUP, Healthcare Cost and Utilization Project; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification; NIS, National Inpatient Sample; NR, not reported; PDM, preexisting diabetes mellitus in pregnancy; PGDM, pregestational diabetes mellitus; SEM, standard error of
the mean; w, weeks gestation.
* Age-standardized prevalence per 100 deliveries in the NIS, in states participating in the HCUP, women age 15–44 years; hospital delivery discharges were identified using DRG
codes; PDM was identified using ICD-9-CM codes (648.0x).
† Age-specific rate per 100 deliveries in the NIS, hospital discharges, ICD-9 codes (250.xx). All results were weighted estimates representing the total number of delivery hospitalizations from 1994 to 2004 in the United States. Unspecified diabetes represented 3.6% of all discharge records with a code for diabetes compared to 7% for type 1 diabetes,
4.7% for type 2 diabetes, and 84.7% for gestational diabetes. The sampling frame for the NIS was different for 1994.
‡ Age-adjusted prevalence among deliveries in 19 states, Agency for Healthcare Research and Quality State Inpatient Databases, HCUP. Hospital delivery discharges were identified using DRG codes; PDM was identified using ICD-9-CM codes (648.0x, 250.xx, or 249.xx).
§ Crude prevalence of preexisting type 1 or type 2 diabetes determined by ICD-9 codes (250.xx) prior to start date of pregnancy; patients with unclear diagnosis were excluded.
Includes miscarriages up to 24 w and all births with claims to commercial insurance companies (Truven Health MarketScan database); 839,792 participants were enrolled
>20 months prior to delivery date. Includes women age 18–45 years. Mothers linked to infants were identified by an ICD-9 birth code by a unique “family” identifier indicating
enrollment under the same plan, relationship status of dependent, and year of child’s birth. Miscarriage rate was higher with type 2 diabetes.
║ Statewide delivery discharges using ICD-9-CM codes (648.0x) from the California Office of Statewide Health Planning and Development; age-adjusted prevalence of PGDM
(n/100 births); ages 15–54 years included; subjects missing age or race/ethnicity data were excluded.
¶ Age-adjusted prevalence (n/100 births >19 w; SEM) of preexisting diabetes within the Kaiser Permanente Southern California system of hospitals. Data from diabetes and
pregnancy database and birth certificates. Total 209,287 singleton pregnancies ending in livebirths or stillbirths in 1999–2005; repeat pregnancies included.
# Age-adjusted prevalence (n/100 births; >19 w; 95% CI) of PGDM using perinatal and diabetes databases (99% sensitivity based on chart review validation), excluding gestational
diabetes; deliveries beyond 19 w, in the Kaiser Permanente Northern California system of 13 hospitals. There were 5,222 PGDM births in 1996–2014 (type 1: 1,250; type 2:
3,972); 34 cases with unknown classification were excluded. There were 322,035 total deliveries in the time periods in the table. Unclassified type of diabetes was at 0.01% in
each time epoch.
SOURCE: References are listed within the table.

(Nevada, New Mexico, and Texas were not
reported) (206,207,218).
Two studies (207,216) included separate
data on the rise in prevalence of both
type 1 diabetes and type 2 diabetes in
pregnancy over 14- and 10-year periods,
respectively (Table 5.8). In an analysis
based on hospital discharges in the
National Inpatient Sample, the ageadjusted prevalence of type 1 diabetes
in pregnancy rose from 0.24% in 1994 to
0.33% in 2004 and for type 2 diabetes
the rise was from 0.09% in 1994 to
0.42% in 2004. However, there was a
fairly high rate of unclassified cases in
this study (Table 5.8) (216). In the KPNC
system, the age-adjusted prevalence of
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type 1 diabetes in pregnancy rose from
0.13% in 2000–2002 to 0.24% in 2012–
2014. The rise for type 2 diabetes was
from 0.49% in 2000–2002 to 0.78% in
2012–2014 (Table 5.8). The rise in crude
prevalence was similar (data not shown)
(207). In a more detailed analysis of the
same database, there was an apparent
reduction in age-adjusted prevalence of
type 1 diabetes in pregnancy in Northern
California in 2012–2014 (0.24%, 95% CI
0.21%–0.27%) compared to 2009–2011
(0.29%, 95% CI 0.25%–0.32%) that
contributed to an apparent leveling of the
age-adjusted prevalence of overall pregestational diabetes mellitus after 2008 in
that region (207). For the 1% of KPNC
pregnant women who had preexisting

diabetes identified at delivery in 2007–
2011, 66.2% were obese compared to
53.4% in 1996–2000 (208).
In a retrospective claims analysis of a
commercial insurance database from
all regions of the United States in
2004–2011, the crude prevalence of type
2 diabetes in pregnancy was far higher
(1.21%) than for type 1 diabetes in pregnancy (0.13%) (Table 5.8) (54). This is the
only study in which miscarriages were
included, with a higher rate for women
with type 2 diabetes (25.2%). The relatively low rate of type 1 diabetes might
be due to exclusion of some women from
commercial insurance plans prior to 2010.
In this analysis, there was a rise in the
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TABLE 5.9. Prevalence in Pregnancy of Type 1 Diabetes, Type 2 Diabetes, or Total Preexisting Diabetes Mellitus, Population-Based Studies,
Canada, 1996–2013
PERCENT (n/100) OF TOTAL BIRTHS
REGION (REF.)
Canada (219)*
Alberta, Canada (214)†

YEARS

NUMBER OF BIRTHS

Total PDM

Type 1 Diabetes

Type 2 Diabetes

2002–2003
2012–2013
2005

Total: >2.8 million live births
>22 w or >500 g
Total: 41,166 births
PDM: 292
Total: 49,894
PDM: 407
Total: 1,109,605
PDM: 13,278

0.46
0.75
0.74 (0.65–0.82)

0.27
0.28

0.19
0.47

0.75

0.43

2011
Ontario, Canada (91,212)‡

Ontario, Canada (210)§

1996–1998
1999–2001
2002–2003
2004–2006
2007–2009
2005–2006

0.83 (0.75–0.91)
0.81
1.01
1.22
1.41
1.51

Total deliveries: 120,604
Type 1 diabetes: 904
Type 2 diabetes: 516
≥20 w

ICD-9/10, International Classification of Diseases, Ninth/Tenth Revision; PDM, preexisting diabetes mellitus in pregnancy; w, weeks gestation.
* National delivery discharge data (excluding Quebec); mother-infant records were linked; ICD-10 codes were used for type 1 and type 2 diabetes.
† Based on the Alberta Vital Statistics Birth File, all singleton and twin pregnancies that resulted in live births or stillbirths ≥20 w or ≥500 g were included. Women were identified
as having PDM based on the Alberta Diabetes Database. Age-standardized rates (95% confidence interval).
‡ Used unique codes in the Canadian Institute for Health Information Discharge Abstract Database to link the delivering mother to her newborn where each record corresponds
to a mother-child pair; women with pregestational diabetes were confirmed by diagnosis >280 days prior to the delivery date in the Ontario Diabetes Database, based on
nonlaboratory administrative health claims.
§ Study included 3,188 women with gestational diabetes; delivery data were extracted from the Ontario Niday Perinatal Database with data entry by nursing staff at 72 hospitals
with unique codes used; classification may be suspect because women with type 2 diabetes did not demonstrate an association with an increased risk of fetal macrosomia,
congenital malformations (only 344 of 516 delivering women with type 2 diabetes had data on congenital malformations), or stillbirth.
SOURCE: References are listed within the table.

prevalence of type 2 diabetes in pregnancy from 2005 to 2009, with apparent
stabilization in 2010 and 2011 (54).
The crude prevalence of undifferentiated
preexisting diabetes in pregnancy rose
from 0.81% in 1996–1998 to 1.51% in
2007–2009 in Ontario, Canada (Table
5.9) (91,212). Age-adjusted prevalence
of pregestational diabetes was also 1.5%
in 2010 (91). The age-standardized prevalence of pregestational diabetes was
lower in Alberta, Canada, with a slight rise
from 2005 (0.74%) to 2011 (0.83%) (Table
5.9) (214). In a national study of hospital
discharges after all live births in Canada
(excluding Quebec), the crude prevalence
of type 1 diabetes remained the same
between 2002–2003 and 2012–2013
(0.27% and 0.28%, respectively), but the
prevalence of type 2 diabetes rose from
0.19% to 0.47% over the same years. The
overall prevalence of preexisting diabetes
in pregnancy in Canada (excluding
Quebec) was 0.75% in 2012–2013 (Table
5.9) (219).
Statewide deliveries in California were
analyzed in three separate studies, using
ICD-9 codes. The frequency of deliveries

of women with preexisting diabetes
was 0.78% in 2006 (4,151 cases among
532,088 singleton, nonanomalous deliveries) (203) and 0.82% in 2001–2007 (of
29,089 cases among >3.5 million deliveries, excluding 6,758 due to missing age
or race/ethnicity data, as well as ages <15
and ≥55 years) (213). A similar statewide
analysis of 1,850,951 singleton, nonanomalous births between 24 and 42
weeks in California in 2005–2008 yielded
13,241 cases of preexisting diabetes
mellitus for a crude prevalence of 0.72%
(204). The higher prevalences (Tables 5.8
and 5.9) in Ontario, Canada (212), the
Kaiser Permanente Southern California
(KPSC) system (206), and KPNC (207)
might be due to use of diabetes and
pregnancy databases, in addition to birth
certificates and hospital discharge data, or
to population differences.
Based on all of these studies, one could
expect about 1% of pregnant women
to have preexisting diabetes during
pregnancy in most regions of the United
States.
As noted in the section Prevalence of
Diabetes in Women of Childbearing Age,

the PRAMS conducted postpregnancy
interviews with women giving live birth
and asked whether they had been told of
diabetes before pregnancy. During 2004,
26 reporting areas collected data and
achieved overall weighted response rates
of >70%; these data represented 52% of
all live births in the United States (22).
The PRAMS did not distinguish between
type 1 and type 2 diabetes. The overall
prevalence of preconception diabetes was
estimated to be 1.8% (95% CI 1.6%–2.0%)
in women having live births. The prevalence of preconception diabetes in women
grouped by age, race/ethnicity, and health
insurance status is presented in Table 5.2
(22).
An updated PRAMS questionnaire and
telephone survey of 40,388 postpregnancy respondents in 2009 revealed a
preconception prevalence of type 1 or
type 2 diabetes of 2.1% (95% CI 1.9%–
2.4%) (23). The distribution of cases by
maternal age and by race/ethnicity is
given in Table 5.3. Some values seem to
be increased compared to the PRAMS
2004 data. It is interesting that the
frequency of preexisting diabetes was
highest by self-report after pregnancy
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than by other data acquisition methods
used at the end of pregnancy.
An example of the increase in prevalence
of pregestational diabetes in pregnancy
between 1995 and 2012 in U.K. general
practice (98% usage by the population) is
provided by an analysis of 301,794 single
pregnancies (one pregnancy randomly
selected per woman) registered in The
Health Improvement Network (THIN)
primary care database (220). THIN is an
electronic database representing 587 U.K.
general practices, in which the physicians
enter data, with added information from
prescription codes, secondary referrals,
and hospital discharges (220). Cases
among pregnant women age >15 years
were identified using diagnostic codes
and prescriptions. The crude prevalence
of type 1 diabetes increased from 0.16%
to 0.41% between 1995 and 2012, a
162% increase over 17 years. For type 2
diabetes, the increase in prevalence was
greater, from 0.23% in 1995 to 0.51%
in 2008, then to 1.06% by 2012, an
overall increase of 354%. The rate of
type 2 diabetes increased sharply after
2008. The majority of women with both
types of diabetes were overweight and of
nonwhite ethnicity in assessments prior to
pregnancy.
Another survey based on a regional perinatal database in the North of England
found an increase in the crude prevalence
(n/100) of pregnancies (births and miscarriages and early terminations) of women
with pregestational diabetes from 0.31%
in 1996–1998 to 0.37% in 1999–2001
and 0.47% in 2002–2004 (chi-square test
for linear trend, p<0.0001) (209). There
was a modest increase in type 1 diabetes
from 0.29% in 1996–1998 to 0.33% in
1999–2001 and 0.35% in 2002–2004
(p=0.0244). There was a larger increase in
type 2 diabetes from 0.02% in 1996–1998
to 0.04% in 1999–2001 and 0.12% in
2002–2004 (p<0.0001) (209).
Regarding variance by maternal age, in
the analysis of delivery hospitalizations
obtained from the National Inpatient
Sample in 1994, 1999, and 2004, the
rates of type 1 and type 2 increased in all
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age groups, with the highest prevalence
rates of both types of diabetes in delivering women age ≥35 years (Table 5.10)
(216). The authors could not rule out an
improvement in reporting quality over
time or increases in obesity “as partial
explanations for the temporal increases”
(216). Significant predictors of having a
diabetes code at delivery included urban
versus rural location (adjusted OR 1.40,
95% CI 1.31–1.51, for type 1 diabetes;
adjusted OR 1.39, 95% CI 1.26–1.54, for
type 2 diabetes), as well as Medicaid/
Medicare versus other payment sources
(adjusted OR 1.30, 95% CI 1.25–1.36, for
type 1 diabetes; adjusted OR 1.94, 95%
CI 1.81–2.08, for type 2 diabetes) (216). It
was noted that studies of the performance
of hospital discharge codes to identify
diabetes in obstetric discharge data
reported high positive predictive values
(96%) and moderate sensitivity (64%)
(197,198,199,200,201).
The number of cases at delivery and
crude prevalence of preexisting diabetes mellitus by maternal age group
in large U.S. surveys conducted during
1993–2010, as well as a new analysis of
NVSS 2009 data conducted for Diabetes

in America, are presented in Table 5.11
(12,23,215,217,218). In all studies from
different years, the frequency of preexisting diabetes mellitus or of type 1 and
type 2 diabetes increased by age. In the
analysis of the National Inpatient Sample
(delivery-related hospital discharges) for
2008–2010 (12,628,746 births), preexisting diabetes was coded in 0.9% of
women who delivered age <35 years, in
2.1% of women age 35–44 years, and
in 3.1% of women age ≥45 years (215).
Among the 134,356 women with preexisting diabetes who delivered, 28.4%
were age 35–44 years, and 0.55% were
age ≥45 years. These rates are significantly higher than in nondiabetic women
(215). The risks of many acute cardiac and
pulmonary complications that threaten
life increase significantly above age 35
years, and especially above age 45 years,
although the absolute risks are low.
Table 5.12 presents preexisting diabetes
prevalence data from southern (KPSC)
(206) and northern (KPNC) California
(208) by maternal age in different time
periods (1999–2005 for KPSC; 1996–
2011 for KPNC). In southern California,
the biggest increase in prevalence during

TABLE 5.10. Number of Cases and Crude Prevalence of Type 1 or Type 2 Diabetes in
Pregnancy, by Maternal Age, U.S. Hospital Discharges, 1994–2004
YEARS, MATERNAL
AGE (YEARS)
1994–2004
All ages
15–24
25–34
≥35
1994
15–24
25–34
≥35
1999
15–24
25–34
≥35
2004
15–24
25–34
≥35

TYPE 1 DIABETES
Cases*

Percent

130,300
32,813
71,570
25,917

TYPE 2 DIABETES
Cases*

Percent

87,477
14,026
48,248
25,203
0.17
0.27
0.36

0.05
0.09
0.24

0.23
0.34
0.41

0.07
0.18
0.34

0.24
0.35
0.45

0.18
0.45
0.84

* Total of 43,121,708 hospital discharges estimated based on a national stratified sample of 8,724,814 delivery
hospitalization discharge records; diabetes data include an estimated 65,095 records with unspecified diabetes
codes and estimated 1,863,746 records with gestational diabetes codes (not listed here).
SOURCE: Reference 216, copyright © 2010 American Diabetes Association, reprinted with permission from the
American Diabetes Association
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TABLE 5.11. Number of Cases and Prevalence of Preexisting Diabetes Mellitus in
Pregnancy by Maternal Age, U.S. National Studies, 1993–2010
YEARS (REF.)
2009 (12)*

2009 (23)†

2009 (217)‡

2008–2010 (215)§

MATERNAL
AGE (YEARS)
All ages
15–24
25–29
30–34
≥35
All ages
18–24
25–34
35–44
All ages
15–19
20–24
25–29
30–34
35–39
40–44
<35
35–44
≥45

2000–2010 (218)║

NUMBER OF DELIVERIES
Total

PDM

PERCENT (95% CI)

2,689,578
931,323
763,190
617,591
377,474
40,388

17,784
3,475
4,599
5,067
4,643
848

4,097,012
411,342
993,554
1,149,066
953,452
481,795
107,804
10,768,536
1,836,403
23,807
NR

36,851
1,327
5,469
9,352
10,811
7,690
2,203
95,515
38,107
734
2000
2010
13,217
18,168

0.66
0.37
0.60
0.82
1.23
2.1 (1.9–2.4)
1.8 (1.4–2.2)
2.0 (1.7–2.4)
3.4 (2.7–4.2)
0.90 (0.83–0.98)
0.32 (0.28–0.38)
0.55 (0.49–0.61)
0.81 (0.74–0.89)
1.13 (1.03–1.25)
1.60 (1.42–1.80)
2.04 (1.76–2.38)
0.89
2.08
3.08
2000
2010
0.65
0.89
0.29
0.41
0.44
0.56
0.63
0.83
0.78
1.06
1.07
1.57
1.55
2.14

All ages
15–19
20–24
25–29
30–34
35–39
40–44

CI, confidence interval; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NIS,
National Inpatient Sample; NR, not reported; PDM, preexisting diabetes mellitus in pregnancy.
* New analysis of National Vital Statistics System 2009 data for all ages conducted for Diabetes in America, 3rd
edition.
† Estimated prevalence of women having a live birth who before their most recent pregnancy had ever been told
by a health care provider that they had type 1 or type 2 diabetes; Pregnancy Risk Assessment Monitoring System
(PRAMS), CDC; 29 reporting areas in 2009.
‡ Age-standardized prevalence, based on delivery-related hospital discharges in the NIS, Healthcare Cost and
Utilization Project, Agency for Healthcare Research and Quality. Identification of PDM was based on ICD-9-CM
codes (648.0x) for type 1 or type 2 diabetes or nongestational diabetes. Weighted prevalence estimates were
based on the NIS sampling design.
§ Delivery-related hospital discharges in the NIS, Healthcare Cost and Utilization Project, Agency for Healthcare
Research and Quality. Identification of PDM was based on ICD-9-CM codes (249.x, 250.x, 648.0x) for type 1 or
type 2 diabetes or nongestational diabetes. Weighted crude prevalence estimates were based on the NIS sampling
design.
║ Estimates of prevalence of prepregnancy diabetes were age-standardized to the 2000 population of deliveries
(n/100). Delivery-related hospital discharges for 19 states in the NIS, Healthcare Cost and Utilization Project,
Agency for Healthcare Research and Quality. Identification of PDM was based on ICD-9-CM codes (648.0x,
250.xx, or 249.xx) for type 1 or type 2 diabetes or nongestational diabetes. Data were reported for each year from
2000 through 2010. Annual change is significant (p<0.01) for all states.
SOURCE: References are listed within the table.

1999–2005 seemed to be in the age
groups 30–34 and 35–39 years; the
prevalence at age ≥35 years also doubled
during 1996–2000 to 2007–2011 in
northern California (Table 5.12). These
increases probably correlate with the
greater increase in type 2 diabetes and
obesity in older women. In an analysis
of >3.5 million deliveries in California in
2001–2007 using hospital discharge data
with complete information, prevalence
of preexisting diabetes also varied with
maternal age: 0.42% at age 20–24 years,

0.94% at age 30–34 years, and 2.41% at
age 41–44 years (213).
One large national analysis of prevalence
of preexisting diabetes and outcomes
comes from South Korea (221), as an
example of similar studies from Asia in
the time frame of the reports from North
America. All South Koreans use a national
health insurance system, and an analysis
of health claims in 2010–2012 showed
1,282,498 women age 15–49 years giving
birth, of whom 32,207 were coded by

ICD-10 as having preexisting diabetes
(2.5%) (221). If there was more than one
birth in the 3-year time period, only the
first was counted. The high rate of diabetes did not change significantly in the
years 2010, 2011, or 2012. Stratified by
maternal age group, the rate of preexisting
diabetes (10,072 cases) per 100 total
deliveries (n=380,431) in South Korea in
2012 was 0.8 at age 15–20 years, 1.6 at
age 21–30 years, 3.0 at age 31–40 years,
and 6.6 at age 41–49 years (221).
Regarding disparities by race/ethnicity
in the United States, data analyzed for
Diabetes in America on the frequency of
preexisting diabetes from birth certificates
are presented in Table 5.13, according
to maternal age grouping in each race/
ethnicity category (NVSS) (12). In 2009,
crude prevalences of preexisting diabetes
mellitus in descending order were 1.72%
in American Indians/Alaska Natives,
0.88% in non-Hispanic blacks, 0.66% in
all Hispanics, 0.61% in Asians or Pacific
Islanders, and 0.60% in non-Hispanic
whites. Table 5.14 shows the distribution
of preexisting diabetes by age group, race/
ethnicity, and Hispanic origin (NVSS) (12).
In comparison to these birth certificate
data, much higher prevalences of preexisting diabetes were estimated for the
three largest ethnic groups (2.7% for black,
1.8% for Hispanic, 2.0% for white) participating in the PRAMS 2009 postpregnancy
survey (Table 5.3) (23).
More data on the prevalence of preexisting diabetes in pregnancy by race/
ethnicity groups in United States regions
are presented in Table 5.15. In an analysis
of 3,556,567 deliveries in California in
2001–2007 using hospital discharge
data, the age-adjusted prevalences of
preexisting diabetes mellitus varied by
ethnicity: 0.64% for Caucasian deliveries
(reference rate), 1.23% for black (adjusted
OR 1.65, 95% CI 1.56–1.76), 0.92% for
Hispanic (adjusted OR 1.67, 95% CI 1.63–
1.75), 0.66% for Asian/Pacific Islander
(adjusted OR 1.0, 95% CI 0.94–1.05), and
1.65% for Native American (adjusted OR
2.35, 95% CI 1.82–3.04; data not shown
in Table 5.15) (213).
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Similar racial/ethnic prevalences of preexisting diabetes mellitus in pregnancy
were reported in the PRAMS 2009
(29 reporting areas) (23) and the State
Inpatient Databases (19 states pooled)
in 2000 and 2010 (218) (Table 5.15).
Lower frequencies of preexisting diabetes
mellitus were found for non-Hispanic black
pregnant women (0.5%) and non-Hispanic
white pregnant women (0.3%) in Florida
in 2004–2007 in an analysis using birth
certificates linked to hospital discharge
records; the authors discussed the
reasons for low sensitivities and underestimation of prevalence (202). Much higher
frequencies were seen in the southern
California KPSC data for the same racial/
ethnic groups as above in similar time
periods (Table 5.15), probably reflecting
the population of that seven-county region
and the use of confidential health plan
databases plus birth certificates (206).
The age-adjusted prevalence of preexisting
diabetes in each major ethnic group in
the northern California KPNC data set of
322,035 women who delivered in 2000–
2002, 2006–2008, and 2012–2014 is
also presented in Table 5.15 (207). By
2012–2014, the highest rates for preexisting diabetes were seen in delivering
non-Hispanic black women (1.41%) and
Hispanic women (1.63%).
The age-adjusted prevalence of type 1 and
type 2 diabetes separately in each major
race-ethnicity group in the KPNC northern
California data set of women (207) is
presented in Table 5.16. The prevalence
of both types of diabetes increased over
time in all racial/ethnic groups, except for
type 1 diabetes among 122,930 delivering
Asian American women. The prevalence of
type 2 diabetes greatly exceeded that for
type 1 diabetes in each group and all time
periods except in non-Hispanic whites,
where the prevalence of type 1 diabetes
became similar to that for type 2 diabetes
by 2009–2011 and 2012–2014 (207).

TABLE 5.12. Number of Cases and Prevalence of Preexisting Diabetes in Pregnancy, by
Maternal Age, California, 1996–2011
MATERNAL
AGE (YEARS)

DELIVERIES

REGION (REF.)

YEARS

Total

PDM

PERCENT

Southern California
(206)*

1999

All ages
20–24
25–29
30–34
35–39

32,089

245

0.76
0.36
0.59
0.95
1.39

2001

All ages
20–24
25–29
30–34
35–39

29,980

315

1.05
0.41
0.85
1.23
1.87

2003

All ages
20–24
25–29
30–34
35–39

29,598

451

1.52
0.66
1.19
1.83
2.61

2005

All ages
20–24
25–29
30–34
35–39
All ages
15–24
25–29
30–34
≥35

28,231

537

540,591‡
123,017
152,650
157,145
107,779

4,080§
436
823
1,339
1,482

1.90
0.72
1.29
2.36
3.43
0.75
0.35
0.54
0.85
1.38

1996–2000

All ages
15–24
25–29
30–34
≥35

156,326
42,363
44,363
42,216
27,384

801
120
187
252
242

0.51
0.28
0.42
0.60
0.88

2001–2006

All ages
15–24
25–29
30–34
≥35

206,149
47,188
58,092
59,726
41,143

1,499
178
288
486
547

0.73
0.38
0.50
0.81
1.33

2007–2011

All ages
15–24
25–29
30–34
≥35

178,116
33,466
50,195
55,203
39,252

1,780
138
348
601
693

1.00
0.41
0.69
1.09
1.77

Northern California
(208)†

All years

Singleton deliveries of ≥20 weeks (liveborn and stillborn) in all Kaiser Permanente hospitals in southern or northern
California. Cases were identified from clinical databases and birth certificates. ICD-9, International Classification of
Diseases, Ninth Revision; PDM, preexisting diabetes mellitus in pregnancy.
* In the original report, all ages included brackets 13–19 years and ≥40 years, which are excluded here. Crude
prevalence. Maternal age at delivery and race/ethnicity were obtained from birth certificate. Women were defined
as having PDM if they met the criteria at least 270 days before delivery (ICD-9 hospital code, outpatient encounter
code, glycosylated hemoglobin (A1c) >7.0%, prescription, excluded metformin with no other indicator, excluded
cases with glyburide or insulin use only during pregnancy).
† Maternal age groups at delivery; maternal age obtained from electronic health records; crude prevalence.
‡ Does not include 4,096 deliveries (0.75%) in 1996–2006 with missing data.
§ Does not include 14 women with PDM (0.34%) in 1996–2006 with missing data; diabetes mellitus diagnosis
before pregnancy obtained from the Kaiser Diabetes Registry.
SOURCE: References are listed within the table.

Simulated estimates for the U.S. age-adjusted prevalence of preexisting diabetes
in pregnancy for the years 1980, 1990,
2000, and 2008 were made for non-Hispanic blacks and non-Hispanic whites,
using South Carolina birth certificate and
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hospital discharge data for 2004–2008
(205). Live births were recorded for
women age 14–44 years. The data were
adjusted for the U.S. population based
on NHANES BMI estimates by age and

race, as well as U.S. Census and National
Center for Health Statistics natality
and age distributions. The estimated
prevalence of preexisting diabetes rose
from 1.7% in non-Hispanic blacks in
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TABLE 5.13. Percent of Birth Certificates Listing Preexisting Diabetes in the Mother, by
Maternal Age and Race/Ethnicity, U.S., 2009
NUMBER OF BIRTHS

MATERNAL RACE/ETHNICITY
AND AGE (YEARS)
Non-Hispanic white
Total
15–19
20–29
30–39
40–44
Non-Hispanic black
Total
15–19
20–29
30–39
40–44
Hispanic
Total
15–19
20–29
30–39
40–44
Asian/Pacific Islander
Total
15–19
20–29
30–39
40–44
American Indian/Alaska Native
Total
15–19
20–29
30–39
40–44

Total

PDM

FREQUENCY
OF PDM*

1,398,578
102,232
736,322
521,623
38,259

8,360
297
3,737
3,897
429

0.60
0.29
0.51
0.75
1.12

351,907
55,895
200,077
88,446
7,489

3,114
160
1,287
1,455
212

0.88
0.29
0.64
1.65
2.83

759,940
105,702
414,897
222,711
16,630

4,999
187
1,992
2,478
342

0.66
0.18
0.48
1.11
2.06

160,087
3,308
61,633
88,409
6,737

980
5
259
634
82

0.61
†
0.42
0.72
1.22

19,208
3,167
11,280
4,447
314

331
10
140
165
16

1.72
†
1.24
3.71
†

1980 to 3.2% in 2008 and from 1.0% in
non-Hispanic whites in 1980 to 1.9% in
2008 (205). Risk was assigned uniformly
over time and varied only due to changes
in the race/ethnicity-specific maternal
age, BMI, and natality structure of the
population. The authors concluded that
increased maternal age and the obesity
epidemic both contributed substantially to
the increasing prevalence of preexisting
diabetes in women delivering liveborn
infants (205).
The KPSC, KPNC, statewide California,
and national data sets did not include
spontaneous abortions or pregnancy
terminations <20 weeks gestation, so the
true prevalence of preconception diabetes
mellitus at the beginning of pregnancy
cannot be estimated. Large prospective
studies of diabetic women from the
preconception period forward are needed.
This effort might also have the effect of
better linkage of general diabetes care to
enhanced preconception management of
diabetic women.

Data include 28 states, New York City, and District of Columbia using the 2003 revised birth certificate. Data represent crude prevalence (cases/100 women). PDM, preexisting diabetes mellitus in pregnancy.
* Does not include spontaneous abortions or termination of pregnancy <20 weeks gestation.
† Frequency data are suppressed for <20 events.
SOURCE: National Vital Statistics System 2009 (Reference 12)

TABLE 5.14. Distribution of Maternal Age Among 17,672 Pregnant Women With Preexisting
Diabetes, by Hispanic Origin and Race, U.S., 2009
PERCENT
Age (Years) of Mother
RACE/ETHNICITY

15–19
(n=658)

20–24
(n=2,804)

25–29
(n=4,573)

30–34
(n=5,033)

35–39
(n=3,530)

40–44
(n=1,074)

Total
Non-Hispanic white
Non-Hispanic black
All Hispanic
Mexican American
Puerto Rican
Cuban
Central or South American
Other Hispanic
Non-Hispanic other races

3.7
3.6
5.2
3.7
3.4
5.2
3.8
1.2
6.4
1.2

15.8
17.0
17.2
15.1
14.7
15.9
12.3
12.7
18.4
8.0

25.9
27.8
24.0
24.8
24.2
30.1
21.7
21.7
26.7
22.4

28.5
28.7
26.8
27.9
28.1
24.2
35.8
33.7
24.1
33.3

20.0
17.8
20.0
21.7
22.7
18.4
19.8
22.4
18.3
27.5

6.1
5.1
6.8
6.8
6.9
6.2
6.6
8.3
6.1
7.6

Data include 28 states, New York City, and District of Columbia using the 2003 revised birth certificate.
SOURCE: National Vital Statistics System 2009 (Reference 12)
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TABLE 5.15. Prevalence of Preexisting Diabetes Mellitus in Pregnancy, by Race/Ethnicity, U.S. Regions, 1996–2014
PERCENT (SEM OR 95% CI)

REGION, YEARS (REF.)

TOTAL

NUMBER
WITH PDM

All

Non-Hispanic
White

Hispanic

Asian/
Pacific
Islander

United States, 29 areas, 2009 (23)*

40,388

848

2.1
(1.9–2.4)

2.0
(1.8–2.4)

2.7
(2.1–3.5)

1.8
(1.3–2.4)

Other: 3.1
(2.2–4.2)

NR
NR
3,556,567

13,217
18,168
22,331‡

0.65
0.89
0.82‡

0.56
0.72
0.64
(n=6,791)

4,151

0.78

0.59

0.74
0.94
0.92
(n=12,427)
OR 1.67§
(1.63–1.75)
0.89

0.59
0.73
0.66
(n=1,574)

532,088

1.01
1.27
1.23
(n=1,478)
OR 1.65§
(1.56–1.76)
1.00

31,377
28,231

333
537

1.10 (0.02)
1.83 (0.03)

0.87 (0.02)
1.38 (0.03)

1.53 (0.03)
2.77 (0.04)

1.29 (0.02)
1.95 (0.03)

0.78 (0.02)
1.73 (0.03)

655,428

5,222

2000–2002

102,060

663

2006–2008

109,200

895

2012–2014

110,775

1,152

0.80
(crude)
0.65
(0.60–0.71)
0.98
(0.92–1.04)
1.06
(1.00–1.13)

0.57
(0.50–0.65)
0.77
(0.68–0.86)
0.80
(0.72–0.89)

1.24
(0.99–1.60)
1.59
(1.33–1.93)
1.41
(1.17–1.74)

0.81
(0.70–0.95)
1.26
(1.13–1.41)
1.63
(1.49–1.84)

0.45
(0.36–0.59)
0.87
(0.75–1.01)
0.96
(0.84–1.09)

United States, 19 states (218)†
2000
2010
California, 2001–2007 (213)‡

California, 2006 (203)║
Southern California (206)¶
2000
2005
Northern California (207)#
1996–2014

Non-Hispanic
Black

0.76

CI, confidence interval; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NR, not reported; OR, odds ratio; PDM, preexisting diabetes
mellitus in pregnancy, including both type 1 diabetes and type 2 diabetes; SEM, standard error of the mean; w, weeks gestation.
* Estimated prevalence of women having a live birth who before their most recent pregnancy had ever been told by a health care provider that they had type 1 or type 2 diabetes;
Pregnancy Risk Assessment Monitoring System (PRAMS), Centers for Disease Control and Prevention.
† Data from the Agency for Healthcare Research and Quality (AHRQ) State Inpatient Databases (SID) were used to identify maternal delivery hospital discharges involving PDM;
12 of 19 states with race/ethnicity data; age-standardized prevalence.
‡ Statewide delivery hospital discharges, age 15–55 years; demographic information and ICD-9-CM codes (648.0x for diabetes) for clinical diagnoses in the database of the
California Office of Statewide Health Planning and Development. Not shown is a prevalence of 1.65% for 61 Native Americans (adjusted OR 2.35, 95% CI 1.82–3.04). Number
with PDM is after exclusions for extremes of age or missing age or race/ethnicity data. Total crude prevalence is based on 29,089 cases of PDM before exclusions for extremes
of age or missing age or race/ethnicity data.
§ Adjusted odds ratio of PDM versus Caucasian
║ Statewide singleton nonanomalous births >20 w identified by linkage of birth certificates to hospital discharges (ICD-9 codes) and fetal death certificates (table does not include
126 cases of PDM among 14,953 births of “other” race/ethnicity groups); crude prevalence.
¶ Total delivery population 209,287 singleton deliveries ≥20 w (liveborn plus stillborn) in all Kaiser Permanente hospitals in southern California in 1999–2005, maternal age
13–58 years. Data obtained from clinical databases and birth certificates. Age-adjusted prevalence. Table does not include age-adjusted prevalence 0.35 in 2000 and 2.14
in 2005 for “other races,” representing 1.5% of total delivery population 1999–2005. All increased prevalences over time highly significant (p<0.0001) by Poisson regression
models.
# All deliveries ≥20 w at 13 Kaiser Permanente delivery hospitals in northern California 1996–2014; PDM deliveries included 23.8% type 1 diabetes and 75.6% type 2 diabetes;
34 unclassified cases were excluded; clinically recognized diabetes mellitus before a pregnancy ascertained through the Kaiser Permanente Northern California Diabetes
Registry; self-reported race/ethnicity obtained from the birth certificate; age-adjusted prevalence; in this data set, the category “All” includes 301 cases of overall pregestational diabetes classified as “Other” races or ethnicities and 58 cases with missing race/ethnicity data. In this data set, Asian means Asian American, and Pacific Islanders are
in unlisted “Other” category.
SOURCE: References are listed within the table.
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TABLE 5.16. Age-Adjusted Prevalence of Pregestational Type 1 and Type 2 Diabetes in
Pregnancy, by Race/Ethnicity, Northern California, 1996–2014
PERCENT (95% CONFIDENCE INTERVAL)
TYPE OF
Hispanic
DIABETES, YEARS Non-Hispanic White African American
Total deliveries
Type 1 (n, %)
1996–1999
2000–2002
2003–2005
2006–2008
2009–2011
2012–2014
Type 2 (n, %)
1996–1999
2000–2002
2003–2005
2006–2008
2009–2011
2012–2014

264,051
716 (0.271)
0.17 (0.14–0.20)
0.17 (0.14–0.22)
0.24 (0.20–0.30)
0.28 (0.23–0.34)
0.37 (0.32–0.44)
0.36 (0.31–0.43)
973 (0.368)
0.34 (0.29–0.39)
0.36 (0.31–0.43)
0.40 (0.34–0.47)
0.43 (0.37–0.50)
0.36 (0.31–0.43)
0.39 (0.33–0.45)

46,722
119 (0.255)
0.23 (0.14–0.37)
0.26 (0.16–0.44)
0.38 (0.24–0.58)
0.24 (0.15–0.39)
0.37 (0.25–0.54)
0.27 (0.17–0.43)
413 (0.884)
0.55 (0.41–0.75)
0.95 (0.72–1.25)
1.27 (0.99–1.61)
1.32 (1.07–1.62)
1.13 (0.91–1.41)
1.11 (0.88–1.39)

160,625
241 (0.150)
0.08 (0.05–0.13)
0.09 (0.06–0.14)
0.17 (0.12–0.23)
0.16 (0.12–0.22)
0.26 (0.20–0.34)
0.16 (0.11–0.22)
1,377 (0.857)
0.63 (0.54–0.75)
0.69 (0.58–0.81)
1.01 (0.88–1.16)
1.04 (0.92–1.18)
1.12 (0.99–1.26)
1.42 (1.26–1.59)

Asian
122,930
109 (0.089)
0.11 (0.07–0.18)
0.04 (0.02–0.09)
0.11 (0.07–0.18)
0.10 (0.06–0.15)
0.13 (0.09–0.19)
0.09 (0.06–0.14)
915 (0.744)
0.43 (0.34–0.55)
0.40 (0.31–0.52)
0.46 (0.37–0.58)
0.74 (0.62–0.87)
0.82 (0.71–0.96)
0.83 (0.71–0.95)

Data are derived from Kaiser Permanente Northern California and include deliveries at >19 weeks gestation. Race/
ethnicity was self-reported on a birth certificate. Among 1,250 women with type 1 diabetes before pregnancy, 53
were categorized as “other,” and 12 had no declared race/ethnicity. Among 3,972 women with type 2 diabetes
before pregnancy, 248 were categorized as “other,” and 46 had no declared race/ethnicity.
SOURCE: Reference 207

MATERNAL COMPLICATIONS BEFORE AND DURING PREGNANCY
MORTALITY AND SEVERE MATERNAL
MORBIDITY
Maternal Mortality
In the United States, national maternal
mortality assessment was enhanced by
the addition of a pregnancy question (four
checkboxes) to the U.S. standard death
certificate in 2003 (222). WHO defines
maternal death as the death of a woman
during pregnancy or within 42 days
after delivery when the cause is directly
(obstetric complications) or indirectly
related to pregnancy (preexisting disease
or disease developing during pregnancy,
aggravated by the physiologic effects
of pregnancy). Deaths from accidental
or incidental causes are excluded. In the
United States, late maternal deaths are
pregnancy-related deaths that occur from
43 days to 1 year after the end of pregnancy (222). Causes of death are coded
according to ICD-10 since 1999, with
reports filed in state vital statistics offices
and subsequently compiled into the NVSS
(222).
Investigators used these data from the
27 states and the District of Columbia
that adopted the pregnancy question on

death certificates to determine a rise in
the maternal mortality ratio from 20.6
maternal deaths per 100,000 live births
in 2008–2009 to 25.4 in 2013–2014
(p<0.001) (222). Maternal deaths are
considered rare, but these ratios are
much higher than in other developed
countries. The rise was significant in
non-Hispanic white women and, especially,
in non-Hispanic black women, in women
age ≥40 years (90.2% change), in women
with all types of diabetes mellitus during
pregnancy (80.3% change), in women
with total indirect causes, and in women
with late maternal causes. The maternal
mortality ratios for diabetes mellitus in
pregnancy were 0.5/100,000 in 2008–
2009 and 1.0/100,000 in 2013–2014
(222). In 2013–2014, diabetes-related
maternal deaths represented 3.7% of 907
total maternal deaths compared to 3.5%
with preexisting hypertension and 8.7%
with diseases of the circulatory system.
Late maternal causes represented 246
additional maternal deaths (percentage
with diabetes unknown). The investigators considered the potential effects
of false-positive box checking on the
reporting of maternal deaths (222).

Another current method to analyze
maternal mortality in the United States
is by using the CDC Pregnancy Mortality
Surveillance System, to which 50
states, New York City, and the District of
Columbia submit deidentified copies of
death certificates for females age 12–55
years who died during or within 1 year of
pregnancy from any cause; when available,
linked birth or fetal death certificates are
also sent (223). A pregnancy-related death
is defined as the death of a woman during
or within 1 year of pregnancy that was
caused by a pregnancy complication, a
chain of events initiated by pregnancy, or
the aggravation of an unrelated condition
by the physiologic effects of pregnancy.
Coding for cause-of-death reporting is
based on a system developed by the
American College of Obstetricians and
Gynecologists and the CDC Maternal
Mortality Study Group. Of 2,009 pregnancy-related deaths in the United States
in 2011–2013 (maternal mortality ratio
17.0 deaths/100,00 live births), deaths
were most common in women age
≥35 years (especially ≥40 years) and
non-Hispanic black women (223).
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Of 1,743 women in whom the timing of
death in relation to the end of pregnancy
was known, 30.5% died before delivery,
16.8% on the day of delivery or pregnancy termination, 39.5% at 1–41 days
postpartum, and 13.2% died on or after
42 days postpartum (223). Compared to
previous years, deaths due to hemorrhage,
hypertensive disorders of pregnancy,
thrombotic pulmonary and amniotic
fluid embolism, and anesthesia declined
(sepsis was stable), but the percentage
of deaths due to cardiovascular conditions, cardiomyopathy, cerebrovascular
accidents, and other medical conditions
(n=292) increased dramatically since
1990 (223). Maternal diabetes was not
specified as a cause-of-death category,
but 113 death or linked birth certificates
had mention of diabetes mellitus (5.6% of
total pregnancy-related deaths; 38 were
in the other medical conditions category,
representing 13% of that group), and 41
had mentions of gestational diabetes
(personal communication from William
Callaghan to JLK).
In the National Inpatient Sample of
hospital discharge data for 2008–2010,
of >12.6 million delivery admissions,
maternal deaths at time of delivery were
coded as DIED (215). The maternal death
ratio was 6.3 per 100,000 deliveries for
women age <35 years, 12.7 at age 35–44
years, and 58.8 at age ≥45 years (215);
preexisting diabetes was present in 0.9%
of women age <35 years, 2.1% of women
age 35–44 years, and 3.1% of women age
>45 years (215).
Analysis of the Nationwide Sample of
Delivery Admissions for 1995–2008 by
ICD-9 diagnostic and procedure codes
(>56 million deliveries; 413,170 with
pregestational diabetes; 0.73%) showed
that maternal diabetes without chronic
hypertension was associated with an
increased risk of in-hospital mortality
(OR 2.58, 95% CI 1.59–4.17, adjusted
for multiple births, year of study, region,
and age) (224). The adjusted odds ratio
for pregestational diabetes with chronic
hypertension was 6.02 (95% CI 2.71–
13.40) (224).
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The overall maternal mortality ratio in
Finland in the 1980s was 4.7 per 100,000
(225). Among women with type 1 diabetes
in Southern Finland during 1975–1997,
there were five maternal deaths among
972 diabetic women (514/100,000;
100-fold increased rate) (225). Two
deaths occurred in the first trimester with
presumed hypoglycemia and one after a
spontaneous abortion (ketoacidosis) (225).
In an update of the Finnish experience
with 519 consecutive pregnancies complicated by type 1 diabetes in 1999–2008,
maternal mortality was not noted (226).
Fatal events among mothers with type 1
diabetes were similar in the Netherlands
in 1999 (100) and Italy in 1999–2003
(95). In these regional/national surveys
(95,100,225), 25 maternal deaths
occurred among 6,831 pregnancies
complicated by preexisting diabetes, for
a mortality ratio of 366 per 100,000
deliveries. Other reports of consecutive
diabetic pregnancies during 1993–2004
in France (92), Denmark (93), and England
(96) did not note maternal mortalities in a
total of 2,330 diabetic women.
Accordingly, in other population-based
surveys of diabetic pregnancies reported
since 2000, no maternal deaths were
recorded in three studies of a total
of 2,186 patients with pregestational
diabetes (Australia, Scotland, Ireland)
(227,228,229). However, the Australian
survey did not include pregnancies <20
weeks or after discharge from hospital
(227). New analysis of KPNC data for
Diabetes in America (208) found one
maternal death recorded among 4,094
pregnancies ≥20 weeks gestation
complicated by type 1 or type 2 diabetes
in 1996–2011; the cause of death was
pulmonary complications of anesthesia.
Current estimates of the risk of maternal
mortality in diabetic women in the United
States will depend on national surveillance
of the entire pregnancy and 42 days
postpartum.

Stroke
In the National Inpatient Sample 2008–
2010, the frequency of stroke occurring
before or during delivery admissions was
0.03% for all women age <35 years and

0.05% for all women age 35–44 years (OR
1.87, 95% CI 1.74–2.01) (215). Regarding
an association of diabetes with stroke in
pregnancy, large population surveys in
the United States (230) and Sweden (231)
reported adjusted odds ratios of 2.5 (95%
CI 1.3–4.6) and 1.7 (95% CI 0.7–3.7),
respectively, for an association with
maternal diabetes (including gestational
diabetes). All types of diabetes in pregnancy (adjusted OR 26.8, 95% CI 3.2–∞),
preeclampsia (adjusted OR 7.7, 95% CI
1.3–56), and history of migraine (adjusted
OR 8.5, 95% CI 1.5–62.1) were independent risk factors for antenatal stroke (30
total cases) in the United Kingdom (nationwide Obstetric Surveillance System) (232).
Overall, in this study, most cases occurred
in the third trimester, and the case fatality
rate was 50% for hemorrhagic stroke.
Analysis of the U.S. Nationwide Sample
of Delivery Admissions for 1995–2008
based on ICD-9 diagnostic and procedure codes showed that pregestational
diabetes without chronic hypertension
(n=364,907) was independently associated with stroke/cerebrovascular
complications (OR 1.85, 95% CI 1.41–
2.44, adjusted for multiple births, year of
study, insurance status, region, and age)
(224). Pregestational diabetes with chronic
hypertension (n=48,263) had an adjusted
odds ratio for cerebrovascular complications of 7.14 (95% CI 4.90–10.40) (224). It
was unclear how much of the diabetes-associated risk was associated with the
significant confounders of preeclampsia
and cesarean delivery (224).
Another analysis of the National Inpatient
Sample for pregnancy hospitalizations
in 1994–2011 based on ICD-9 diagnostic and procedure codes focused on
hypertensive disorders of pregnancy and
pregnancy-related strokes (233). Among
9,877 pregnancy hospitalizations with
hypertensive disorders and stroke, 34.5%
were classified as hemorrhagic, 34.5% as
ischemic, and 31.0% as unspecified. Of
the hemorrhagic strokes, 9.0% occurred
in the antenatal period, 34.9% were
associated with delivery, and 56.1% were
recorded postpartum. Of the ischemic
strokes, 24.6% were recorded at an
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antenatal hospitalization, 40.9% at a
delivery hospitalization, and 34.5% at a
postpartum hospitalization (233).
In this study, hemorrhagic stroke was
not associated with 222,485 cases of
preexisting diabetes and a hospitalization
with a hypertensive disorder of pregnancy
(233). However, there were 190 cases
of ischemic stroke among women with
preexisting diabetes and a hospitalization
with a hypertensive disorder of pregnancy,
with an unadjusted odds ratio of 1.99
(95% CI 1.43–2.79) for the risk factor
of diabetes compared to hypertensive
disorder hospitalizations without diabetes
(233). The crude absolute risk of ischemic
stroke in diabetic women with hypertensive disorder hospitalizations was low, at
0.085% (233).

Myocardial Infarction
The National Inpatient Sample for
2000–2002 was queried for all pregnancy-related discharges. The case fatality
rate was 5.1% for acute myocardial
infarction (234). Using a multivariable
logistic regression model, independent
significant risk factors for pregnancy-related acute myocardial infarction were
hypertension (adjusted OR 21.7, 95% CI
6.8–69.1), smoking (adjusted OR 8.4, 95%
CI 5.4–12.9), diabetes (including gestational diabetes) (adjusted OR 3.6, 95%
CI 1.5–8.3), and postpartum infection
(adjusted OR 3.2, 95% CI 1.2–10.1) (234).
In the National Inpatient Sample, of >12.6
million delivery admissions in 2008–2010,
the rate of a history of myocardial infarction was 1 per 10,000 at maternal age
<35 years, 6 per 10,000 at age 35–44
years, and 10 per 10,000 at age >45
years (215). Based on ICD-9 codes for
myocardial infarction during the delivery
admission, the rate was 0.2 per 10,000 at
maternal age <35 years, 0.8 per 10,000
at age 35–44 years, and 5 per 10,000 at
age ≥45 years. The rates of myocardial
infarction were not specified for maternal
medical complications, such as diabetes
(215).
Diabetes mellitus was an identified risk
factor for peripartum myocardial ischemia in the Canadian Hospital Morbidity

database for 1970–1998 (235). In an
analysis of maternal discharge records
linked to death certificates in 1991–2000
in California, maternal mortality was 7.3%
among women with acute myocardial
infarction, and women with myocardial
infarction had an increased odds of
preexisting diabetes compared to women
without myocardial infarction (OR 4.3,
95% CI 2.3–7.9). However, only 1 in
35,700 pregnancies was affected by an
acute infarction (236).

accompanied by significant increases in
the frequency of significant risk factors
for VTE in multivariate analysis: anemia,
obesity, heart disease, hypertension,
preeclampsia, and all types of diabetes
(delivery hospitalizations only for the last
three risk factors). The adjusted odds ratio
for diabetes (all types) as an independent
risk factor for VTE was only 1.19 (95% CI
1.09–1.29). The authors speculated that
increased used of computed tomographic
pulmonary angiography could explain the
increase in PE diagnoses (237).

Venous Thromboembolism
Venous thromboembolism (VTE), characterized by deep vein thrombosis (DVT)
and/or pulmonary embolism (PE), is a
leading cause of maternal death in the
United States and developed countries
(237). In the National Inpatient Sample
for 2008–2010, there were 10,768,536
delivery-related discharges among women
age <35 years, 1,836,403 discharges for
women age 35–44 years, and 23,807
discharges for women age ≥45 years
(215). Among these, the crude prevalence
of DVT was 0.04% at age <35 years,
0.09% at age 35–44 years (OR 2.02, 95%
CI 1.91–2.14), and 0.2% at age ≥45 years
(OR 4.38, 95% CI 3.26–5.89). The crude
prevalence of PE was 0.03% at age <35
years, 0.05% at age 35–44 years (OR
1.83, 95% CI 1.69–1.98), and 0.1% at age
≥45 years (OR 5.01, 95% CI 3.47–7.23).
There was no analysis of VTE with pregestational diabetes, although the frequency
of diabetes also increased with increasing
age, as did hypertension (215).
Another analysis of pregnancy-related
hospital discharges (antenatal, delivery,
postnatal) in the National Inpatient
Sample compared data from 2006–2009
to 1994–1997 (237). VTE diagnoses
were identified by ICD-9 codes for DVT
or PE. There was an upward trend in
the frequency of PE with or without
DVT in all pregnancy-related hospitalizations: 0.03% in 1994–1997 versus
0.07% in 2006–2009 (p<0.001), and the
same trend was observed in antenatal,
delivery, and postnatal hospitalizations.
In 2006–2009, there were 12,371 cases
of PE, representing 36.4% of all VTE
diagnoses (237). These trends were

By contrast, a substantially increased
risk for VTE in the antepartum period
up to birth for women with preexisting
diabetes was observed in the THIN, a
large medical practice-associated database in the United Kingdom (238). In
376,154 pregnancies resulting in livebirths
or stillbirths in 1995–2009, age 15–44
years, there were eight events in the antepartum period among 4,022 women with
preexisting diabetes (incidence rate ratio
3.54, 95% CI 1.13–11.0, adjusted for age,
parity, BMI, mode of delivery, pregnancy
length, obstetric hemorrhage, varicose
veins, inflammatory bowel disease,
cardiac disease, and smoking), but only
four events in the 1 day to 12 week postpartum period (incidence rate ratio 0.69,
95% CI 0.25–1.85) (238).
In South Korea, the frequency of VTE
identified by ICD-10 code during first pregnancies during the period 2010–2012 was
0.12% for 32,207 women with preexisting
diabetes compared to 0.03% in 1,171,575
women with normal glucose tolerance
(221). Using a multivariate model that
adjusted for age, multiple pregnancy,
hypertension prior to pregnancy, and
delivery by cesarean section, preexisting
diabetes was an independent risk factor
for VTE (adjusted OR 3.31, 95% CI 2.35–
4.64) (221).
In Sweden, a population-based study
based on cross-linkage of national
Inpatient and Birth Registers evaluated
1,003,489 deliveries during 1987–1995 to
determine risk factors for PE, determined
by ICD-9 codes (231). PE events occurred
before or during the first 27 weeks
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of pregnancy (148 cases), in the third
trimester (29 cases), around delivery (34
cases), or from two days to six weeks after
delivery (62 cases). Relative risks were
modeled by use of Poisson regression.
Pregestational diabetes and gestational
diabetes were pooled. Among 273 cases
of PE, eight were in diabetic women
(crude RR 2.7, 95% CI 1.3–5.4), but the
time period related to pregnancy was not
stated (231). Other factors associated with
PE on univariate analysis were maternal
age ≥35 years (RR 1.6, 95% CI 1.1–2.2),
parity ≥4 (RR 3.0, 95% CI 2.0–4.4),
smoking (RR 1.4, 95% CI 1.1–1.9), severe
preeclampsia (12 cases, RR 4.8, 95% CI
2.7–8.6), multiple birth (8 cases, RR 2.3,
95% CI 1.1–4.6), and cesarean delivery
(92 cases, RR 3.8, 95% CI 2.0–4.9).
With multivariate analysis, risks of PE
were influenced by maternal age, parity,
and smoking, with strong independent
associations with preeclampsia, multiple
birth, and cesarean section (although the
majority of PE events occurred without
preeclampsia or multiple birth). It was not
stated whether the risk associated with
diabetes became insignificant with multivariable analysis (231).

Sepsis
In the first population-based cohort
study of the continuum of maternal
sepsis severity in the United States, with
1,622,474 live births in California in 2005–
2007, severe sepsis was recorded in 0.05%
and septic shock in 0.003% (239). Among
113,211 pregnant women with preexisting
diabetes, severe sepsis was recorded in
112 cases (0.10%), and septic shock was
recorded in 11 cases (0.010%). Maternal
diabetes (preexisting plus gestational
diabetes) was independently associated
with the risk of severe sepsis, including
shock (adjusted for all factors studied, OR
1.47, 95% CI 1.04–2.09, p=0.014) (239).
In the total population, severe sepsis/
shock was the attributable cause of 11.5%
of 122 maternal deaths. The maternal
death frequency was 0.007% in 1,620,876
deliveries without sepsis, but was 1.770%
in the group of 791 total cases of severe
sepsis/shock (239). By contrast, severe
infection was not more common in
association with type 1 diabetes among
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291,866 singleton deliveries in Finland in
2007–2011, regardless of route of delivery
(240).
Using the National Inpatient Sample
database for 1998–2008, investigators
developed a study cohort of 5,338,995
women with hospital discharge delivery
codes (241). Patients with sepsis were
identified using ICD-9 codes 995.91 and
995.92; the rate of sepsis was 29.4 cases
per 100,000 births (95% CI 28.0–30.9).
The case fatality rate was 4.4% (95% CI
3.5%–5.6%). There was an unexplained
increasing trend in incidence of maternal
death by sepsis over a 6-year period
between 2003 and 2008 (241). The likelihood of developing sepsis increased more
than twofold in women with preexisting
diabetes (adjusted OR 2.10, 95% CI
1.54–2.87). Other significant risk factors
relevant to diabetes for the development
of maternal sepsis included age >35 years,
black race, smoking, cardiovascular disease, and delivery by cesarean section.
Data on BMI were not available (241).
Less severe forms of maternal infection
that might lead to sepsis have been
sparsely analyzed in surveys of diabetes
and pregnancy. For pregnancies that
did not end in miscarriage in a national
retrospective analysis of claims made to
health insurance companies in 2005–
2011, maternal complications coded
as “infection” by ICD-9 were apparently
more common in 6,665 women with
type 2 diabetes (7.7%, RR 1.38, 95% CI
1.27–1.50) than in 586,875 nondiabetic
controls (5.6%) (54). The rate of infection was 6.1% (nonsignificant [NS]) in
783 women with type 1 diabetes (54).
Infection of the urinary tract using ICD-10
codes was recorded in 26% of claims
from 32,207 women with preexisting
diabetes in pregnancy (adjusted OR 1.32,
95% CI 1.28–1.35) made to the National
Health Insurance System of South Korea
in 2010–2012 compared to 21% in
1,171,575 pregnant women without diabetes (221). Pyelonephritis was recorded
in 0.53% (adjusted OR 2.84, 95% CI
2.27–3.55) of 22,331 subjects with pregestational diabetes compared to 0.17% of
subjects with gestational diabetes in the

2001–2007 California Health Discharge
Database, using ICD-9 codes (213).
Comparisons were not made to nondiabetic women.
Chorioamnionitis was recorded in 0.35%
of 58,224 controls without diabetes in
the previous or current pregnancy in Utah
in 2002–2010, while it was recorded in
0.87% of 802 women with pregestational
diabetes in the previous and current
pregnancy (115). A test for effect size was
not run due to sample size limitations.
Puerperal sepsis was not more common
in women with pregestational diabetes
(0.12%, multivariate-adjusted OR 1.20,
95% CI 0.87–1.65) compared to 0.10% in
national controls in South Korea in 2010–
2012, using claims made to the National
Health Insurance System based on ICD-10
codes (221). Postpartum wound infection
was apparently less common in claims
made for women with pregestational
diabetes (2.57%, multivariate-adjusted
OR 0.76, 95% CI 0.71–0.82) compared to
women without diabetes (3.48%), despite
a higher rate of cesarean delivery in the
diabetic women (data not shown) (221).

Composite Severe Obstetric
Morbidity
In order to provide more cases for analysis
of risks associated with preexisting
conditions and to better audit quality of
maternal care, interest is increasing in
measuring severe obstetric morbidity
(221,227) or “near-miss” morbidity (242).
In Australia, the measures for prespecified
major maternal morbidity and mortality
included acute renal failure, acute liver
failure, disseminated intravascular coagulopathy, hysterectomy, procedures to stop
bleeding, blood transfusion, shock, sepsis,
admission to intensive care, or maternal
death during the birth admission (227).
Major morbidity was more common in
1,248 women with pregestational diabetes
in 1998–2002 (7.9%, OR 3.17, 95% CI
2.56–3.92) than in 352,673 women not
exposed to diabetes (2.6%). Admission to
the intensive care unit (ICU) was 1.9% in
pregestational diabetes mellitus (OR 9.08,
95% CI 5.89–13.89) compared to 0.2%
in the controls, despite that antepartum
hemorrhage (1.8%), placenta previa or

Preexisting Diabetes and Pregnancy

abruption (1.7%), and severe postpartum
hemorrhage (0.8%) were similar in diabetic
and control women (227).
In West Ireland after 2007, the frequencies of antepartum hemorrhage >23
weeks gestation (1.0% and 0%) and postpartum hemorrhage (3.1% and 4.0%) were
not significantly different in 191 pregnant
women with type 1 diabetes and 99
women with type 2 diabetes, respectively,
than in matched controls for each diabetic
group (108). The rate of postpartum
hemorrhage was 2.5% in a statewide
study of 22,331 women with pregestational diabetes in California, using the
2002–2007 Health Discharge Database
(213). The frequency of placental abruption was 1.6% in 761 women with type 1
diabetes enrolled in a multicenter study
of the prevention of preeclampsia in the
United Kingdom in 2003–2008 (243). A
statewide study in California in 2006 used
linked Vital Statistics Birth Certificate
data with Patient Discharge data and
Death Certificate data and the state Fetal
Death File to identify cases of pregestational diabetes with (n=433) and without
(n=3,718) chronic hypertension and
morbidity (203). The ICD-9 coded rate of
placental abruption was 0.8% in 522,377
controls, 1.4% in nonhypertensive diabetic
women, and 1.9% in diabetic women
with chronic hypertension (p<0.001 by
chi-square analysis; adjusted OR 2.2, 95%
CI 1.1–4.4 for the latter group) (203).
Finally, in the analysis of claims made
to the South Korea National Health
Insurance Review and Assessment
Service database in 2010–2012, ICD-10coded diagnoses of maternal morbidities
were compared for 32,207 delivered
women with preexisting diabetes with
1,171,575 delivered women without
any form of diabetes (221). Only the
first delivery was included if a woman
had more than one. A delivery of twins
counted as one delivery. The results
showed that the rates of morbidities
in controls compared to women with
preexisting diabetes mellitus were: acute
renal complication, 0.16% versus 0.65%
(adjusted OR 3.53, 95% CI 3.05–4.10);
liver disorder, 4.21% versus 19.31%

(adjusted OR 5.01, 95% CI 4.87–5.16);
premature separation of the placenta,
0.42% versus 0.64% (adjusted OR 1.28,
95% CI 1.11–1.47); placenta previa, 1.16%
versus 1.89% (adjusted OR 1.39, 95%
CI 1.28–1.51); antepartum hemorrhage,
2.39% versus 3.02% (adjusted OR 1.24,
1.16–1.32); and postpartum hemorrhage,
7.3% versus 6.0% (adjusted OR 0.80,
95% CI 0.76–0.83) (221). The multivariate-adjusted model adjusted for maternal
age, multiple pregnancy, and preexisting
hypertension. The authors did not discuss
whether ascertainment bias (more
complete coding or more claims made for
high-risk pregnancies) could explain the
modest increases in risk for mothers with
preexisting diabetes mellitus (221).
The near-miss morbidity “occurs when a
pregnant or recently postpartum woman
survives a life-threatening event, either
by chance or because of high-quality
care” (242). Diabetes was evaluated as a
contributing factor in near-miss maternal
morbidity in an analysis of the National
Inpatient Sample during 2003–2006 of
3,463,327 deliveries (242). The authors
used an administrative data definition of
end-organ injury associated with length
of stay >99th percentile or discharge to
a second medical facility. They identified
all 4,550 cases of maternal near-miss
morbidity or death from admissions for
delivery. Approximately 1.3 per 1,000
(95% CI 1.3–1.4) admissions for delivery
qualified as near-miss morbidity/mortality;
diabetes, including gestational diabetes,
was a comorbidity in 10.5% of the events
compared to a diabetes rate of 5.5% in
women without events (adjusted OR
1.18, 95% CI 1.05–1.33) (242). However,
another analysis of the National Inpatient
Sample, looking at severe obstetric
morbidity in the United States in 1998–
2005, found that “further adjustment
for payer, multiple births, diabetes, and
hypertension had little effect on any
results” (244). The definition of diabetes
included pregestational and gestational
diabetes (244).

insulin-dependent diabetes (240). The
incidence per 1,000 deliveries of all
severe maternal complications was
15.7 with diabetes compared to 23.3
with preeclampsia. An increased risk of
life-threatening severe maternal complications was associated with diabetes in
elective cesarean sections compared to
vaginal delivery (adjusted OR 2.2, 95% CI
1.6–2.9) and in elective cesarean sections
compared to attempted vaginal delivery
(adjusted OR 1.5, 95% CI 1.2–1.8). There
was a high rate of elective cesarean
section (41.2%) in the diabetic women,
regardless of obesity (240).

GLYCEMIC CONTROL
COMPLICATIONS
Diabetic Ketoacidosis
It is difficult to find U.S. epidemiologic
data on the frequency of DKA in pregnancy, although the fetal mortality is
high (245). In an Italian national survey
of 504 pregnant women with type 1
diabetes in 1999–2003, 27 ketoacidotic episodes were reported in 5.4% of
patients; no episodes were reported in
164 women with type 2 diabetes (95). In
a meta-analysis of five cohort studies
with data on DKA in pregnant women
with type 1 and type 2 diabetes, DKA was
much less common in women with type
2 diabetes (OR 0.09, 95% CI 0.02–0.34)
(110). The progressive increase in insulin
resistance in pregnancy adds to the risk
of DKA, especially with superimposed
illness. During the 193 continuing pregnancies of women who were subjects in
the DCCT, DKA was not reported (6). In
a meta-analysis of four small randomized
controlled trials comparing treatment with
continuous subcutaneous insulin infusion
(CSII) versus intensive conventional insulin
therapy for pregnant women with type 1
diabetes, DKA was noted in 5 of 70 (7.1%)
women in the former group versus none
of 73 women in the latter group (NS) (246).
The numbers were skewed by the occurrence of three cases of DKA in 16 women
using CSII in one trial. Of note, insulin
pumps have improved since these trials
were concluded.

A register-based study of 292,253
singleton deliveries in Finland in
2007–2011 included 1,754 cases of
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Hypoglycemia
Insulin-induced, inadvertent severe
maternal hypoglycemia (<50–60 mg/dL
[<2.78–3.33 mmol/L], requiring assistance of another person for recovery) (13)
is well recognized as a limiting factor in
intensified treatment of type 1 diabetes
in pregnancy (247). The primary risk
of acute hypoglycemia is to the mother
rather than fetus (40). In the Italian
national survey of 504 pregnant women
with type 1 diabetes delivering in 1999–
2003, 14.9% of patients had 75 severe
hypoglycemic episodes; two episodes
were reported in two women with type 2
diabetes (95). In a meta-analysis of five
randomized controlled trials of insulin
delivery methods in pregnant women with
type 1 diabetes, “hypoglycemic spells”
(undefined) were recorded in 22.3% of
94 women using CSII and 19.2% of 88
women using intensive insulin treatment
with multiple injections daily (246).
In the DCCT, the frequency of severe
hypoglycemia during 135 pregnancies
was 17% (23 events) in women with type 1
diabetes who were in the original intensive
therapy group compared to 19.8% (35
events) in 135 pregnancies in women who
were in the original conventional treatment group (NS for frequency); women
in the conventional treatment group were
encouraged to practice intensive therapy
during pregnancy (NS) (6). It is uncertain
how many of the women in the original
intensive therapy group really planned
their pregnancies; 12.6% of 135 pregnancies resulted in nonmedical induced
abortions in the first trimester compared
to zero in 52 pregnancies in women who
changed to intensive therapy before
conception, and 12.0% of 83 pregnancies
in women who did not (6). The mean level
of A1c at conception was 7.4%±1.3% in
women in the intensive therapy group
compared to 6.9%±1.0% in those who
changed to intensive therapy before
conception and 8.8%±1.7% in those who
did not (p=0.0001 for the two conventional therapy subgroups) (6). For the 52
pregnancies in women who changed from
conventional to intensive therapy prior to
pregnancy, the frequency of severe hypoglycemia during pregnancy was 6% with
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seven events compared to 12% with 28
events in 83 pregnancies in women who
did not initiate intensive therapy before
conception (p=0.043) (6).
In general, the “frequency distribution of
severe hypoglycemia is very skewed, as
10% of the pregnant women account for
60% of all recorded events” (247). Severe
hypoglycemia is most frequent in early
pregnancy (247), and preconception care
of diabetes may or may not decrease
the risk (71,73). Risk factors for severe
hypoglycemia in pregnancy are type 1
diabetes, a history of severe hypoglycemia
in the year preceding pregnancy, impaired
hypoglycemia awareness, long duration
of diabetes, low A1c in early pregnancy,
greatly fluctuating plasma glucose values
(<70 mg/dL [<3.89 mmol/L] and >180
mg/dL [>10.00 mmol/L]), and excessive
use of supplementary insulin injections
between meals (247). In a meta-analysis
of only three cohort studies with data on
women with type 1 and type 2 diabetes,
hypoglycemic coma seemed less common
in women with type 2 diabetes (OR 0.17,
95% CI 0.03–1.11, p=0.06, heterogeneity
59.3%) (110).

DIABETIC RETINOPATHY
The DIEP reported the baseline prevalence of proliferative diabetic retinopathy
(PDR) to be 9.7% in 155 women with type
1 diabetes in very early pregnancy (5).
Retinal fundus photographs were obtained
in these patients at the onset of pregnancy and at delivery or postpartum; 189
other participants with later registration
of pregnancy did not have both sets of
photographs (5). Among 32 women with
mild nonproliferative diabetic retinopathy
(NPDR) at baseline, two developed PDR
by the end of pregnancy (6.3%). Of 31
patients with moderate NPDR at baseline,
nine developed PDR by the end of pregnancy (29%) (5).
Women with elevated A1c at their first
presentation (before conception or within
21 days of conception) were particularly at risk for progression (5). Twenty
percent of women with a baseline A1c of
6.0%–7.0% had two-step progression in
retinopathy; approximately 23% of women

with a baseline A1c 7.1%–8.0% (54–64
mmol/mol) had a two-step progression
in retinopathy; and approximately 40% of
women with higher baseline A1c levels
had progression in retinopathy. Since
women with high baseline A1c had drops
in A1c with institution of tight glycemic
control, it was unclear whether the
elevated initial level or the rapid improvement in glycemic control contributed to
worsening of retinopathy, or if the changes
persisted beyond the immediate postpartum period (5).
Risk factors examined for progression
in pregnancy in this prospective study
included initial A1c, gravidity, smoking,
age, duration of diabetes, blood pressure,
proteinuria, and baseline severity level of
retinopathy (5). Using a stepwise multivariable logistic regression model, baseline
moderate NPDR (OR 5.7, 95% CI 2.1–15.7)
and initial A1c ≥6 standard deviations (SD)
above the control mean (OR 2.7, 95% CI
1.1–7.2) remained independent predictors
of progression. For development of PDR,
duration of diabetes >15 years was also
predictive (5).
In the DCCT, younger women with few
complications were recruited for the trial
(7). Therefore, only one of 180 women
who became pregnant had PDR before
gestation, but 4.5% had moderate NPDR,
16.7% had mild NPDR, and 33.3% had
microaneurysms at baseline. Women in
both DCCT treatment groups had statistically significant progression of NPDR over
the course of their pregnancies. Within
a year of pregnancy, progression was
observed at 51% of visits while pregnant
compared with 31% of visits while not
pregnant (p<0.001) in the conventional
treatment group and 31% of visits while
pregnant compared with 23% while
not pregnant (p<0.05) in the intensive
treatment group. Subanalyses suggested
that risk of progression peaked during
the second trimester and persisted even
at 6 months postpartum. During pregnancy, eight subjects in the prepregnancy
conventional treatment group (n=86) and
five subjects in the intensive treatment
group (n=94) developed severe retinopathy changes (7). The rate of 13 of 179
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(7.3%) is similar to that in the DIEP (11 of
140, 7.9%) (5).
Women in the prepregnancy conventional
treatment group of the DCCT who had
a greater A1c change (higher baseline
A1c before conception) had increased
risk of retinopathy with pregnancy (7),
also similar to the DIEP (5). At the end
of the DCCT (an average of 6.5 years
later), pregnancy had no lasting effect
on the prevalence of retinopathy; women
who had had a pregnancy had similar
risk of severe NPDR to women who had
not had a pregnancy in the conventional
treatment group (7.1% vs. 8.1%), as well
as in the intensive treatment group (2.1%
vs. 1.6%) (7).
The prevalence of retinopathy during
pregnancy is influenced by the diagnostic
system used. In a 2009 systematic review
that included 13 U.S. and non-U.S. cohort
studies, the prevalence of retinopathy
(stage undefined) averaged 25.3% in
pregnant women with type 1 diabetes
and 6.2% in pregnant women with type
2 diabetes (110). The crude prevalence
of diabetic retinopathy (nonproliferative
and/or proliferative) identified during
pregnancy is given in Table 5.17 for
prospective population-based or multicenter studies reported since 2000 (89,92,
93,95,99,107,113,208,248,249).
Investigators conducting a population-based study in West Ireland in
2006–2012 (250) investigated the
frequency of patients having at least two
retinal evaluations during pregnancy to
check for progression as recommended in
clinical guidelines (40,42,117,251). Among
208 pregnant women with type 1 diabetes
in this survey, 64.4% had an adequate
number of retinal evaluations compared
to 51.5% of 99 pregnant women with
type 2 diabetes (250). Among those with
adequate evaluations, some progression
of retinopathy was seen in 31.3% of
pregnant women with type 1 diabetes
and 11.8% of pregnant women with
type 2 diabetes. Among the total of 48
diabetic women with progression, 66.7%
had no retinopathy at baseline (26 of 32
progressed to background retinopathy

only). Six of the 48 women with progression (12.5%; 3.2% of 185 women with
appropriate screening) progressed to
proliferative retinopathy and required laser
therapy (250). Of nine women with maculopathy at baseline, three experienced
a worsening and required laser therapy.
Logistic regression analysis showed that
higher systolic blood pressure at the first
prenatal visit (OR 1.03, 95% CI 1.01–1.06)
and greater drop in A1c between first and
second trimesters of pregnancy (OR 2.05,
95% CI 1.09–3.87) significantly increased
the odds of retinopathy progression (250).
Further support for the guidelines comes
from analysis of results at a single referral
center representing a large area of
Denmark (252). The prevalence of diabetic
retinopathy at the initial examination was
63% in 102 pregnant women with type 1
diabetes who had a second examination at
27 weeks gestation (nine with proliferative
retinopathy and 16 with macular edema).
Progression by the end of pregnancy was
found in 28 of the total (27%, sight-threatening in six women) (252).
In the United States, the frequency of
PDR in a group of 462 women with preexisting diabetes mellitus participating in
a multicenter trial was 4.5% in the 1990s
(248). In a new analysis of the KPNC population in 2007–2011 (1,780 women with
preexisting diabetes mellitus, 64% type 2
diabetes), 2.0% of patients were coded as
PDR by the end of pregnancy compared
to 7.6% for NPDR (Table 5.17) (208). Other
U.S. population-based data do not exist
to evaluate the prevalence or progression
of diabetic retinopathy (all stages) in
pregnancy, based on appropriate examinations. Rates varied widely among other
countries, perhaps reflecting different
time periods and intensity of screening
methods, as well as local variations in
treatment and small study numbers (Table
5.17).
The effects of pregnancy on retinopathy have not been widely studied
among women with type 2 diabetes
(92,95,99,107,110,113,253). At the Danish
regional center, the prevalence of diabetic
retinopathy at the first examination was

16.25% in 80 pregnant women with type 2
diabetes who had a second evaluation
(moderate nonproliferative in 5% of total,
macular edema in 2.5%), and there was
14% progression by the end of pregnancy
(11.6% if no retinopathy at baseline). No
patient progressed to proliferation (253).
The aggregate of patients with type 2
diabetes listed in Table 5.17 is 1,502 (88
with some degree of retinopathy, 5.9%)
and 131 have been reported elsewhere
(250,253). Due to the increasing incidence
and prevalence of type 2 diabetes in youth,
studies should be conducted in women
with type 2 diabetes of childbearing age
to assess the impact of preconception
treatment regimens, the optimal target for
preconception A1c, and the cost-effectiveness for retinal screening prior to and later
in pregnancy.
Regarding long-term effects of pregnancy
on diabetic retinopathy, the lack of effect
in the DCCT was noted (7). The Pittsburgh
Epidemiology of Diabetes Complications
Study population consisted of participants
with childhood-onset diabetes, presumed
to be type 1 diabetes (254). Over the
4-year study period, the prevalence of
PDR, defined as a history of laser therapy
or a grade of >60, was similar between
women who were parous (n=80) and
nulliparous (n=80) at baseline (35% vs.
36%, respectively). The incidence of PDR
between women who did (n=30) and did
not (n=30) conceive over the study period
was 25.0% versus 9.1% (p=0.58), respectively, a worrisome difference that was not
statistically significant in part due to the
small size of the cohort (254). The postpregnancy findings are similar to those of
a European cohort in which 425 reproductive-age women with type 1 diabetes were
followed over a period of 6–8 years. The
incidence of any retinopathy was similar
between the 24% of women who delivered
and those who did not (255). The findings
of these population-based studies are
similar to the lack of development of PDR
requiring laser phototherapy over 5 years
after pregnancy in a smaller cohort study
in England (256).
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TABLE 5.17. Crude Prevalence of Diabetic Microvascular Complications With Undifferentiated Preexisting Diabetes Mellitus, Type 1
Diabetes, or Type 2 Diabetes in Pregnancy, Population-Based or Multicenter Studies, 1988–2014
REGION, YEARS (REF.)

NUMBER OF CASES (PERCENT)

TOTAL BIRTHS TO
DIABETIC WOMEN

TYPE OF DIABETES
(n or %)

Diabetic Nephropathy*

462

PDM

86 (18.6)§

United States, 1990s (248)‡
Northern California (208)¶
2001–2006
2007–2011

Nova Scotia, Canada, 1988–2002
(249)**
France, 2000–2001 (92)††
Denmark, 1993–1999 (93)§§
Italy, 1999–2003 (95)║║

1,506
1,780

516
435
1,215
668¶¶

East Anglia, England, 2006–2009
(107)
North England, 1996–2008 (99)***

682¶¶

West Ireland, 2006–2014 (89)†††
Japan 2003–2009 (113)‡‡‡

414¶¶
948

1,677

PDM (60% type 2)
PDM
Type 1 (619)
Type 2 (1,137)
PDM

102 (6.8)#
163 (9.2)#
86 (13.9)#
75 (6.6)#
6 (1.2)§

Type 1 (289)
Type 2 (146)
Type 1
Type 1 (504)
Type 2 (164)
Type 1 (408)
Type 2 (274)
Type 1 (1,314)
Type 2 (363)
PDM
Type 1 (369)
Type 2 (579)

34 (11.8)‡‡
7 (4.8)‡‡
78 (6.4)§
6 (1.2)##
1 (0.6)##
9 (2.2)##
7 (2.6)##
57 (4.3)##
3 (0.8)##
44 (10.6)##
34 (9.2)‡‡
28 (4.8)‡‡

Diabetic Retinopathy†
21 (4.5)║
PDR
38 (2.5)
36 (2.0)

NPDR
116 (7.7)
135 (7.6)

16 (3.1)║
99 (34.3)
4 (2.7)
83 (6.8)║
106 (21.0)##
2 (1.2)##
119 (29.2)##
14 (5.1)##
263/1,255 (21.0)##
16/339 (4.7)##
166 (40.1)##
75 (20.3)
52 (9.0)

Table includes population-based or multicenter studies using prospectively entered data reported in 2000–2014. NPDR, nonproliferative diabetic retinopathy; PDM, preexisting
diabetes mellitus in pregnancy, undifferentiated between type 1 diabetes and type 2 diabetes; PDR, proliferative diabetic retinopathy; w, weeks gestation.
* Nephropathy is defined as albuminuria or proteinuria at onset of care <20 w or before pregnancy. See additional footnotes for degree of albuminuria in each survey.
† Retinopathy was diagnosed by ophthalmologic exam during pregnancy and includes NPDR plus PDR.
‡ Multicenter study, with complete data from prospective observation of pregnancy outcomes among women with PDM (singleton pregnancies) who were enrolled at 13–26 w
in a trial to compare low-dose aspirin with placebo for preeclampsia prevention (no effect). Authors also state that 86 women had proteinuria at baseline, so presumably 38
women had proteinuria between 20 and 26 w.
§ Nephropathy is defined as macroalbuminuria at onset of care <20 w.
║ Retinopathy includes PDR alone.
¶ A. Ferrara and T. Peng, unpublished data from the Kaiser Permanente of Northern California system prepared for Diabetes in America, 3rd edition. Multicenter assessment
of 3,286 pregnancies with diabetes prior to pregnancy, proceeding >19 w (includes 174 cases with dual coding for chronic hypertension and gestational hypertension). In
2007–2011, there were 24 cases with unclassified PDM (two with diabetic nephropathy). In 2007–2011, of the 163 cases of diabetic nephropathy, 27 were associated with
chronic hypertension (16.6%), 37 with diabetic retinopathy (22.7%), and 27 with preeclampsia (16.6%).
# Diabetic nephropathy code (includes persistent micro-macroalbuminuria) entered at any time in 2 years prior to pregnancy to avoid miscoding due to albuminuria developing
during pregnancy.
** Data from perinatal database in Halifax, Nova Scotia, Canada; deliveries >19 w at 11 hospitals in the province; included women with type 1 or type 2 diabetes before
pregnancy.
†† Multicenter survey of 12 tertiary multidisciplinary centers participating in the French Diabetes and Pregnancy Study Group; prospective data collection on all singleton pregnancies ≥22 w of women with type 1 and type 2 diabetes. Progression of retinopathy during pregnancy seen in 39 women with type 1 diabetes (39.4%). Onset of nephropathy
seen during early pregnancy in five women with type 1 diabetes; onset of retinopathy seen in seven women with type 1 diabetes.
‡‡ Microalbuminuria plus macroalbuminuria at onset of care <20 w.
§§ Prospective multicenter study conducted in eight Danish centers treating pregnant women with type 1 diabetes; 1,215 pregnancies >23 w in 990 women.
║║ Prospective multicenter study in 33 centers participating in the Italian Diabetes and Pregnancy Study Group. Included all pregnancies in women with type 1 and type 2
diabetes; data recorded in the European Quality Indicators and Data Collection Database; chronic nephropathy and retinopathy assessed at booking; progression of nephropathy during pregnancy (3.4% in type 1 diabetes; 1.2% in type 2 diabetes) or retinopathy during pregnancy (5.1% in type 1 diabetes; 1.8% in type 2 diabetes) defined as a
higher stage at the last evaluation than at baseline.
¶¶ Includes early pregnancy losses <20 w, spontaneous or induced.
## Uncertain definitions of nephropathy or retinopathy in the article. Authors may have referred to another source for definition.
*** Northern Diabetes and Pregnancy Survey of all singleton pregnancies ≥24 w in women with PDM diagnosed at least 6 months before pregnancy (prevalence 0.42% in the
total population of 401,149 pregnancies), plus late fetal loss at 20–23 w and termination of pregnancy following prenatal diagnosis of a fetal anomaly (any gestation). Text
states nephropathy (undefined) was prepregnancy. Calculations for prepregnancy retinopathy (undefined) exclude 59 cases with missing data in the type 1 diabetes group
and 24 cases in the type 2 diabetes group.
††† Prospective cohort study of 414 women with PDM (65% type 1 diabetes, 35% type 2 diabetes) attending antenatal centers along the Irish Atlantic Seaboard. The 414 pregnancies include 61 miscarriages <20 w. Definitions of nephropathy and retinopathy not stated.
‡‡‡ Retrospective 40-hospital survey throughout Japan, using prospective systematic database created by the Diabetes and Pregnancy Study Group of Japan. All patients
received antidiabetic therapy prior to pregnancy. Pregnancies beyond 9 w included. Definitions of nephropathy and retinopathy not stated in the article, but additional information supplied by Dr. Takashi Sugiyama, personal communication to JLK; diabetic nephropathy included microalbuminuria and macroalbuminuria, and diabetic retinopathy
included NPDR and PDR.
SOURCE: References are listed within the table.

DIABETIC NEUROPATHY
Population-based data on the prevalence
of diabetic neuropathy during pregnancy are sparse. No population-based
data are available on the progression
of neuropathy during pregnancy. In
5–28

a cohort of pregnant women with
preexisting diabetes delivering in East
Anglia, England, in 2006–2009, diabetic
neuropathy was recorded in 2.7% of 408
women with type 1 diabetes and 0.7% of
274 women with type 2 diabetes (107).

Similar percentages were obtained in a
prospective survey of births to women
with type 1 or type 2 diabetes recorded
in North England in 1996–2008 (99). The
frequency of prepregnancy neuropathy
was 2.1% among 1,314 women with type
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1 diabetes and none of 363 women with
type 2 diabetes. The presence of neuro
pathy was not associated with the risk of
major congenital anomalies, which is a
marker for glycemic control before and in
early pregnancy (99). In West Ireland, the
frequency of neuropathy was recorded as
2.7% in 414 women during pregnancy with
preexisting diabetes in 2006–2014 (89).
Regarding the risk of developing diabetic
neuropathy after a pregnancy, the
EURODIAB Prospective Complications
Study followed 425 women with type 1
diabetes who were childless at baseline,
for a mean of 7.3 years. The incidence of
neuropathy was not significantly higher
in the 102 women who gave birth during
follow-up compared to 323 women who
remained childless (255). In the Pittsburgh
Epidemiology of Diabetes Complications
Study conducted in 1986–1992, prevalence of diabetic neuropathy did not
differ by parity at baseline (80 women
of reproductive age with type 1 diabetes
who had not been pregnant compared
to 80 women who had been pregnant,
47% in both groups). Among women who
delivered, the incidence of neuropathy
increased over the 4-year study period
compared to those who did not (30
women in each group, 41.7% vs. 4.8%,
p<0.001) (254). The authors noted that
the difference could be due to increased
surveillance in pregnancy. Neuropathy
was defined as the presence of two of
the following three criteria: symptoms
consistent with distal symmetrical polyneuropathy, decreased or absent tendon
reflexes, or signs of sensory loss. Of
note, the average A1c was approximately
10%, and the prevalence of neuropathy
was similar to that of the overall cohort,
suggesting that pregnancy did not lead to
a greater overall frequency of the already
high frequency of neuropathy, although
it may have accelerated its course (254).
This finding deserves further investigation.

DIABETIC NEPHROPATHY
In a systematic review of 10 cohort studies
of diabetic pregnancy, the prevalence of
micro/macroalbuminuria averaged 6.8%
in women with type 1 diabetes and 2.9%
in women with type 2 diabetes (110).

Microalbuminuria is defined as 30–299
mg/24 hours in the absence of urinary
tract infection, and macroalbuminuria as
≥300 mg/24 hours in early pregnancy
(13,40). The crude prevalence of diabetic
nephropathy at the onset of care in pregnancy in prospective population-based
or multicenter studies reported since
2000 is given in Table 5.17, with varying
definitions of nephropathy in the different
studies.
The prevalence data are skewed for
overall preexisting or type 1 diabetes
with low values of 1.2%–6.4% reported
for Nova Scotia, Canada (249), Italy (95),
Denmark (93), East Anglia, England (107),
and North England (99) compared to
higher values of 9.2%–18.6% reported for
multicenter studies in the United States
(248), Northern California in 2007–2011
(208), France (92), West Ireland (89), and
Japan (113). The higher frequencies in
France (11.8%) (92), Japan (9.2%) (113),
and Northern California in 2007–2011
(13.9%) (208) were associated with inclusion of micro/macroalbuminuria. The
multicenter trial reported in the United
States in 2000 tended to recruit higher
risk women (10.3%) (248). Values of
diabetic nephropathy for type 2 diabetes
in pregnancy (range 0.6%–6.6%) were
presented for Italy (95), North England
(99), East Anglia, England (107), France
(92), Japan (113), and Northern California
in 2007–2011 (208). Microalbuminuria
was included with macroalbuminuria for
the pre- or early-pregnancy prevalence
in type 2 diabetes in France (4.8%) (92),
Japan (4.8%), and Northern California
(6.6%) (Table 5.17).
Data from referral center-based series
are skewed by a higher prevalence of
overt nephropathy (257,258,259). These
series are valuable in demonstrating the
natural history of diabetic nephropathy
under treatment during and after pregnancy (260,261), but national or regional
community-based U.S. data are lacking
to see what happens in the population.
Almost all single-center cohort series
reported in 2000–2012 consist of small
numbers of patients (261). All authors
find high rates of the comorbidities

hypertension and retinopathy in pregnant
diabetic women with chronic proteinuria,
who have significantly increased perinatal
morbidity and mortality compared to
diabetic women without nephropathy
(261).
The prevalence of microalbuminuria
early in pregnancy was 10% in a
population survey of 846 women with
type 1 diabetes in Denmark performed
in 1993–1999, in the absence of
antihypertensive therapy (262). Early
microalbuminuria was highly predictive of
later preeclampsia (adjusted OR 4.0, 95%
CI 2.2–7.2). In this Danish national survey,
preeclampsia developed in 41% of type 1
diabetic women with baseline microalbuminuria compared to 12% in those with
normoalbuminuria (p<0.001) (262). In a
2007–2012 series from eastern Denmark,
the prevalence of diabetic nephropathy
(macroalbuminuria or microalbuminuria
in early pregnancy) was down to 2.5%
in 445 women with type 1 diabetes and
2.3% in 220 women with type 2 diabetes
(260). This may reflect the reduction in
overall diabetic nephropathy with general
intensified care in Denmark (263,264) and
elsewhere (259), as well as increased use
of antihypertensive therapy before and in
early pregnancy (265,266).
Progression of nephropathy during
pregnancy was 67.6% in France (micro/
macroalbuminuria) (92) and only 2.8%
in Italy (macroalbuminuria) (95). Among
women with nephropathy at conception,
pregnancy has been associated with
an increase in proteinuria during pregnancy and with declines in renal function
persisting postpartum in some, although
not all, women (254,257,258,267).
Pregnancy does not appear to worsen the
course of nephropathy beyond its natural
course, although study numbers are small.
Newer data are lacking.
Women with minimal renal disease at
baseline appear to have minimal declines
in renal function over pregnancy. In the
DCCT, where the majority of women
had no albuminuria at baseline, incident microalbuminuria was statistically
similar between women who conceived
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versus those who did not, regardless of
randomization arm, and a low incidence
for macroalbuminuria was noted (<2% in
all groups) (7). These results are similar to
those of larger European studies, where
no association was found between pregnancy and incident microalbuminuria after
pregnancy (255) or a significant decline in
glomerular filtration rate (267).

HYPERTENSIVE DISORDERS
After much confusion in prior literature (159), hypertensive disorders of
pregnancy have been classified by
the American College of Obstetricians
and Gynecologists (158) and other
organizations (268,269,270,271,272)
as preeclampsia-eclampsia, chronic
hypertension antedating pregnancy,
chronic hypertension with superimposed
preeclampsia, and gestational hypertension appearing after 20 weeks gestation
(158). Preeclampsia can be superimposed
on chronic hypertension or chronic renal
disease. All forms are more common in
pregnant women with preexisting diabetes

compared to women without diabetes,
and they contribute in a major way to poor
pregnancy outcome. Elevated blood pressure is defined as >140 mmHg systolic or
>90 mmHg diastolic in a pregnant woman
sitting at rest, repeated at least once, 4–6
hours apart, and severe hypertension
as systolic blood pressure >160 mmHg
or diastolic blood pressure >110 mmHg
(158,268,269,271,272). In the United
Kingdom, hypertension in pregnancy is
further graded as mild (140–149/90–99
mmHg) or moderate (150–159/100–109
mmHg), with implications for treatment
(270).
Preeclampsia is defined as a syndrome
of hypertension and new-onset proteinuria (defined as protein excretion ≥300
mg/24 hours, a urine protein:creatinine
ratio of ≥0.3 mg/dL, or least precise, ≥1
positive protein on urine dipstick) after
20 weeks gestation in previously normotensive women in most of the diabetes
surveys reviewed in this chapter (Table
5.18) (273). Proteinuria is best defined

with automated measurement of repeated
single samples (268,269,270,271,272).
Unfortunately, some investigators depend
on simple urine dipstick measures of
>1+ for protein in the absence of urinary
infection, which lacks sensitivity (158,270).
After the studies cited in Table 5.18 were
conducted, the definition of preeclampsia
was expanded to include end-organ
damage in the unusual absence of proteinuria, including decreased platelet count,
increased transaminases, and elevated
creatinine (158).
Gestational hypertension is defined as
new-onset hypertension ≥20 weeks
gestation in a woman with previously
normal blood pressure, but without the
proteinuria of preeclampsia or the other
signs of organ damage (central nervous
system, cardiorespiratory, hematological, renal, hepatic, fetoplacental)
associated with severe preeclampsia
(158,268,269,270,271,272). In some
reports, gestational hypertension
has been called “pregnancy-induced

TABLE 5.18. Prevalence of Hypertensive Disorders in Pregnant Women With Type 1 or Type 2 Diabetes in Pregnancy, Population-Based or
Multicenter Studies, 1985–2013
NUMBER OF CASES (PERCENT OF PREGNANCIES)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
REGION, YEARS (REF.)
United States, 1990s (248)†
United States, 1995–2008
(224)§
California, 2006 (203)║

Gestational
Hypertension*

TOTAL PDM,
GESTATIONAL AGE

TYPE OF
DIABETES

Chronic Hypertension

462
413,170

PDM
PDM

79 (17.1)
48,263 (11.7)

92 (19.9)‡

532,088 total births

PDM

433 (10.4) vs. (1.06)
p<0.001

490 (11.8)¶ vs. (2.7)
p<0.001

Controls: 522,377
PDM total: 4,151
PDM only: 3,718
CH only: 5,560
PDM+CH: 433

Preeclampsia

PDM only: 353 (9.5)
adjOR 3.4 (3.1–3.9)

California, 2001–2007 (213)#

22,331 births
>19 w

PDM

1,794 (8.0)

Northern California, 2001–2011
(208)**
Utah, 2002–2010 (115)††

3,112 births
>19 w
802 births

PDM

454 (14.6)

212 (6.8)

PDM+CH: 137 (31.7)
adjOR 12.5 (10.0–15.5)
1,787 (8.0)‡
Mild: 1,182 (5.3)
Severe: 568 (2.5)
Eclampsia: 37 (0.2)
369 (11.9)

PDM

56 (7.0) vs. (0.71)
p<0.0001

35 (4.4) vs. (2.2)
p<0.05
PIH included with PET and
undefined

38 (4.7) vs. (1.6)
p<0.0001
93 (10.3)
adjOR 2.8 (2.2–3.5)

Ontario, Canada,
2005–2006 (210)‡‡

904
>19 w

Type 1

516
>19 w

Type 2

43 (8.4)
adjOR 1.9 (1.3–2.7)

Table 5.18 continues on the next page.
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TABLE 5.18. (continued)
NUMBER OF CASES (PERCENT OF PREGNANCIES)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
REGION, YEARS (REF.)
Ontario, Canada (212)§§
1996
2001
Nova Scotia, Canada,
1988–2002 (249)║║
Alberta, Canada, 2005–2011
(214)¶¶
New South Wales, Australia,
1998–2002 (227)##
Netherlands, 1999 (100)***
Denmark, 1993–1999 (93)†††
Italy, 1999–2003 (95)‡‡‡
Sweden, 1991–2003 (276)§§§

Sweden, 1998–2007 (277)║║║

TOTAL PDM,
GESTATIONAL AGE

TYPE OF
DIABETES

1,122 births
1,532 births
516 births

PDM
PDM
PDM

2,485 singletons
50 twin births
1,248 births

PDM

314

Type 1

1,218
>24 w
613 subjects

Type 1

5,089 subjects

Total: 3,457

PDM

Type 1: 469
Type 2: 144
Type 1

Type 1

Chronic Hypertension

32 (6.2) vs. (0.9)
adjRR 7.12 (5.07–10.0)
281 (11.1) vs. (1.7)
adjOR 5.87 (5.16–6.67)
69 (5.5) vs. (0.5)
OR 14.2 (10.9–18.3)

Gestational
Hypertension*

Mixed with PET

112 (9.0) vs. (4.2)
OR 2.74 (2.24–3.35)

59 (4.8)

107 (2.1) vs. (0.24)
p<0.001

65 (13.9)
15 (10.4)
81 (1.6) vs. (0.87)
adjOR 1.53 (1.18–1.99)

92 (2.7) vs. (0.32)
p<0.001

Type 1: 191

43 (22.5) vs. (10)
p=0.0003

222 (13.5)‡ vs. (2.1)
adjOR 7.17 (6.04–8.50)
185 (15.5)‡ vs. (3.3)
adjOR 9.9 (8.6–11.4)
114 (18.4)‡ vs. (5.8)
adjOR 14.2 (11.5–17.5)
26 (13.6)‡ vs. (4.3)
p=0.0003

Type 2: 99

24 (24.2) vs. (11)
p=0.014
83 (10.9)

9 (9.1)‡ vs. (8)
p=1
127 (16.7)‡

25–29: 1,195
≥30: 618

North United Kingdom,
2003–2008 (243)###
Norway, 1985–2004 (278)A

East Anglia, England,
2006–2009 (107)B
Helsinki, Finland (226)C
1999–2003
2004–2008
Japan, 2003–2009 (113)D

South Korea, 2010–2012 (221)G

290 births
>23 w

40 (3.6)¶ vs. (1.0)
63 (4.1)¶ vs. (1.1)
142 (27.5) vs. (9.1)
adjRR 3.04 (2.64–3.50)
185 (7.4)¶ vs. (1.7)
adjOR 3.38 (2.88–3.97)
172 (13.8) vs. (4.4)
OR 3.97 (3.36–4.69)
40 (12.7)‡ vs. (1.05)
RR 12.1 (9.0–16.1)
220 (18.1)‡ vs. (2.6)
p<0.001
22 (4.7)
5 (3.5)
Mild: 494 (9.7) vs. (2.0)
adjOR 4.30 (3.83–4.83)
Severe: 219 (4.3)
vs. (0.8)
adjOR 4.47 (3.77–5.31)
Total: 521 (15.1)‡
vs. (2.8)

BMI (kg/m2)
<25: 1,644

West Ireland, 2007–2013
(108)¶¶¶

Preeclampsia

761 enrolled
<23 w
1,307 births

Type 1

112 (14.7)

323 births
220 births

Type 1
Type 2

175 births
313 births
948E
>9 w

Type 1
Type 1
Type 1: 330F
Type 2: 510F

4 (2.3)
18 (5.8)
12/369 (3.25)E
50/579 (8.6)E

24 (13.7)
38 (12.1)
9 (2.7)F
10 (2.0)F

26 (14.9)‡
53 (16.9)‡
32 (9.7)F
70 (13.7)F

840F
>19 w
32,207

PDM

2,118 (6.6) vs. (1.04)
p<0.001

957 (3.0) vs. (1.0)
adjOR 1.72 (1.60–1.85)

1,263 (3.9) vs. (1.1)
adjOR 2.00 (1.87–2.13)

Type 1

249 (19.1) vs. (3.6)
adjOR 6.0 (5.2–6.9)
47% preterm
31 (9.6)¶
14 (6.4)¶

Eclampsia: 51 (0.16)
vs. (0.05)
adjOR 1.53 (1.14–2.07)
Table includes population-based and multicenter studies reported in 2000–2015. AdjOR or adjRR, adjusted odds or risk ratios versus nondiabetic or general pregnancy population; BMI, body mass index; CH, chronic hypertension; CI, confidence interval; GH, gestational hypertension; HELLP, hemolysis, elevated liver enzymes, low platelet count;
ICD-9/10, International Classification of Diseases, Ninth/Tenth Revision; NR, not reported; NS, not statistically significant; OR, odds ratio; PDM, preexisting diabetes mellitus in
pregnancy, unclassified; PET, preeclamptic toxemia; PIH, pregnancy-induced hypertension; RR, relative risk; w, weeks gestation.
* GH or PIH defined as new resting blood pressure ≥140/90 mmHg in the second half of pregnancy, without proteinuria or other signs of organ damage.

Table 5.18 continues on the next page.
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TABLE 5.18. (continued)
†

Multicenter study, with complete data from prospective observation of pregnancy outcomes among women with PDM (singleton pregnancies) who were enrolled at 13–26 w
in a trial to compare low-dose aspirin with placebo for preeclampsia prevention (no effect). Authors also state that 86 women had proteinuria at baseline, so presumably 38
women had proteinuria between 20 and 26 w.
‡ Preeclampsia defined as GH or PIH and proteinuria ≥0.3–0.5 g/day or >1+ on a urine dipstick in the second half of pregnancy.
§ Data obtained from the National Inpatient Sample of hospital discharges (20% stratified sample of all U.S. community hospitals). Analysis included all delivery hospitalizations
of women age ≥15 years with complete data. Abortions and ectopic and molar pregnancies were excluded. Diagnoses based on ICD-9 codes. CH included cases with or
without comorbidities.
║ Normally formed singleton births in linked California Vital Statistics Birth Certificate Data, California Patient Discharge Data, Vital Statistics Discharge Data, and Vital
Statistics Fetal Death File in 2006. 522,377 controls without diabetes or hypertension. Diagnoses based on ICD-9 codes. Multivariable logistic regression used to estimate
odds ratios versus controls and respective 95% CIs associated with pregestational diabetes with or without CH, adjusted for maternal age, race/ethnicity, insurance type at
delivery, education level, parity, obesity, and renal disease.
¶ Preeclampsia was undefined in the article.
# Retrospective study using health discharge data for all deliveries in California during 2001–2007, based on dataset of the Office of Statewide Health Planning. Diagnosis
based on ICD-9 codes. Subjects missing age or race/ethnicity data, as well as extremes of age (<15 and >55 years), were excluded.
** A. Ferrara and T. Peng, unpublished data from the Kaiser Permanente of Northern California multicenter system prepared for Diabetes in America, 3rd edition. Retrospective
analysis of prospectively entered data in linked perinatal and diabetes databases. 62% type 2 diabetes, 66% BMI >30 kg/m2; 174 cases with dual coding for CH and GH were
omitted.
†† Singleton births; data collected retrospectively from electronic medical records of 20 hospitals in Utah; subjects were women with at least two consecutive pregnancies
with PDM in both; data from last pregnancy. Only 75.8% of subjects were coded as using insulin during the index pregnancy. Tested for differences between 58,224 controls
(women without any type of diabetes in the previous and current pregnancy) using Poisson regression models with robust variance estimators.
‡‡ Deliveries >19 w entered into the Ontario Niday Perinatal Database, a branch of the provincial Perinatal Surveillance System; 72 participating hospitals; data collected by
nursing staff; diagnoses extracted by codes that are unique to the database. Excess risks of each birth outcome by diabetes subtype calculated by unconditional logistic
regressions, adjusted by maternal age, region of residence, smoking, parity, attendance at first trimester visit, type of antenatal provider, but not maternal comorbidities.
§§ Data from Canadian Institute for Health Information hospital discharge abstracts database linked to Ontario Diabetes Database. Included all deliveries of diabetic women
entered in the Ontario Diabetes Database >270 days prior to delivery, to be sure of PDM diagnosis. Total deliveries: 133,316 in 1996; 128,745 in 2001. Gestational diabetes
possibly included in the control deliveries. Diagnoses based on ICD-9 codes 642.4–642.7. CH and GH omitted because hypertension during pregnancy without preeclampsia
was not specified. Adjusted odds ratios omitted due to inordinately low frequency of preeclampsia in the control population.
║║ Data obtained from the Nova Scotia Atlee Perinatal Database, representing 11 maternity units throughout the province (50% of deliveries at the tertiary center in Halifax),
using unique standardized clinical forms. Included all pregnancies reaching 20 w and 500 g at birth. PDM included women with type 1 diabetes, type 2 diabetes using insulin
before pregnancy, and type 2 diabetes not using insulin before pregnancy (excluded gestational diabetes). PIH included preeclampsia. Controls were 150,589 singleton
pregnancies of nondiabetic mothers. Outcomes reaching statistical significance on univariate analysis were entered into a backward conditional regression to obtain adjusted
relative risk.
¶¶ Based on the Alberta Vital Statistics Birth File, included all live births or stillbirths at ≥20 w or ≥500 g at birth. Used the Alberta Diabetes Database registry to identify women
with diabetes diagnosed before conception. Used the Alberta Hypertension Database registry to define preexisting hypertension, if hypertension was diagnosed before 20
w. Used the Hospital Abstract Database to obtain preeclampsia (included eclampsia). Controls were 306,576 births without any type of diabetes (311,673, including twin
gestations for risk of CH). Used multinomial logistic regression to examine the association of diabetes in pregnancy with adverse outcomes, controlling for maternal characteristics. Adjusted for mother’s age, First Nation status, parity, and CH for risk of PET (singletons only). Frequency of PET was 10% in twins in mothers with PDM versus 7.4%
for singletons (NS). Denominator for CH is all deliveries; denominator for PET is singleton births only.
## Used linked population databases to obtain all singleton births at >20 w or >400 g (n=370,703). ICD-10 codes used for diagnoses. Pregestational diabetes (type 1, 57%; type
2, 20%; unclassified, 23%) was underreported to the databases (sensitivities 50%–95.5%). Used chi-square contingency tables to compare PDM with no diabetes, with crude
odds ratios and 95% CI.
*** Survey of all practitioners in the Netherlands to identify all births ≥24 w in women with type 1 diabetes; national data for comparison n=196,981.
††† Subject data from central registry of the Danish Diabetes Association. Background data from National Danish Patient Registry 1998–2000.
‡‡‡ Prospective multicenter study at 33 sites participating in the Italian Diabetes and Pregnancy Study Group of all pregnant women with type 1 or type 2 diabetes. Data
recorded in the European Quality Indicators and Data Collection Aggregated Database. N excludes abortion <180 days of gestation.
§§§ Singleton births; study based on information prospectively entered into the Swedish Medical Birth Registry; before 2008, the registry only collected data from 28 w and
did not register data on earlier fetal losses or induced abortions; diagnosis based on ICD-9 and ICD-10 codes; 97% of pregnant women had an ultrasound examination to
determine gestational age; severe preeclampsia defined as diastolic blood pressure >110 mmHg or proteinuria >5 g/day, or both; multivariate analysis by logistic regression
limited to mothers without missing BMI data; odds ratios adjusted for group differences in maternal age, BMI, parity, chronic hypertensive disorder, smoking habits, and
ethnicity. Reference population n=1,260,207 controls.
║║║Singleton births; study based on information prospectively entered into the Swedish Medical Birth Registry; before 2008, the registry only collected data from 28 w and did
not register data on earlier fetal losses or induced abortions; diagnosis based on ICD-9 and ICD-10 codes. BMI calculated based on maternal weight and height by recall.
The reference population included 764,498 singleton pregnancies to mothers without a diagnosis of diabetes. Unconditional logistic regression used to explore associations
between maternal type 1 diabetes and preeclampsia, with normal weight nondiabetic women as the reference category; adjusted for ethnicity, maternal age, height, parity,
smoking first trimester, and CH.
¶¶¶ Retrospective case-control study using regional electronic database with prospective data collection; singleton births; comparison with matched controls by chi-square
analysis; controls >12,000 women with normal glucose tolerance; cosine similarity matching for age, BMI, ethnic group, and parity with a customized nearest neighbors
selection without replacement.
### Data obtained from a randomized placebo-controlled trial of vitamins C and E (no effect) for prevention of preeclampsia in women with type 1 diabetes at 25 antenatal metabolic clinics in the U.K. Subjects included 112 women with CH (14.7%), 36 women with microalbuminuria (4.7%), and four women with macroalbuminuria (0.5%) at baseline.
A
Linked two nationwide registries for subject and background data (n=1,161,092; preeclampsia defined as any preeclampsia registered in the Birth Registry, including proteinuria, eclampsia, and HELLP syndrome [and possibly PIH]); used logistic regression in SPSS to estimate odds ratios adjusted for maternal age, parity, ethnic origin, marital
status, educational level, year of delivery, and sex of child. For the analysis of preterm deliveries, 15 diabetic women with preeclampsia were excluded due to no registered
gestational age.
B
Prospective cohort study of all singleton pregnancies in women with type 1 or type 2 diabetes in East Anglia, U.K. Pregnancies with miscarriage (n=99) or termination (n=25)
at <24 w were excluded from this analysis. Pregestational diabetes defined as type 1 or type 2 diabetes diagnosed at least 12 months before pregnancy. CH was unrecorded,
and preeclampsia was undefined.
C
Retrospective analysis of 881 consecutive subjects with a singleton live birth at Helsinki University Central Hospital, the only referral center serving a population of 1.5
million; only last pregnancy analyzed if woman had more than one birth; for hypertension analyses, subjects with diabetic nephropathy were excluded.
D
Retrospective 40-hospital study throughout Japan. Additional information supplied by Dr. Takashi Sugiyama, personal communication to JLK. Denominator of births different
than in published paper due to exclusion of early fetal deaths (pregnancy losses) at 10–19 w (39 for type 1 diabetes, so 330 births >19 w and 328 liveborn infants; 69 for type
2 diabetes, so 510 births >19 w and 508 liveborn infants). Denominator for CH is births >9 w.
E
948 patients included at >9 w; 369 with type 1 diabetes and 579 with type 2 diabetes. There were 108 early pregnancy losses at 10–19 w; 39 in type 1 diabetes and 69 with
type 2 diabetes. Chronic hypertension classified from 10 w.
F
840 patients included at >19 w. GH and preeclampsia classified from 20 w among 330 women with type 1 diabetes and 510 women with type 2 diabetes.
G
Subject (age 15–49 years, only first delivery in the 3-year period analyzed) and control (n=1,171,575) data on deliveries obtained from Health Insurance Review and
Assessment Service claims database; a delivery of twins counted as one delivery; diagnoses based on ICD-10 codes; used logistic regression analysis adjusted for maternal
age, multiple pregnancy, and preexisting hypertension.
SOURCE: References are listed within the table.
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hypertension” (PIH), but other authors
have used PIH to denote preeclampsia
as well, so use of the term PIH is
discouraged.
Chronic hypertension has often been
defined (158,268,269,270,271,272) as
requiring antihypertensive therapy or
recording of diagnostic ICD codes for
hypertension prior to conception in studies
of pregnancies with preexisting diabetes.
Lacking preconception data, some organ
izations make the designation of chronic
hypertension if elevated blood pressure is
present in the first trimester or less than
20 weeks gestation (158,270,271,272). If
no pre- or early-pregnancy information is
available, then hypertension diagnosed
during later pregnancy that persists longer
than 12 weeks postpartum may be reclassified as chronic (158), but this information
is not available at the time of coding at
hospital discharge and leads to further
confusion between gestational and chronic
hypertension.
There is uncertainty about treatment for
chronic blood pressure levels <160/110
mmHg in pregnancy (158,159,160,268,
269,270,271,272,274). A retrospective
analysis (excluding pregnant women with
preexisting diabetes) of a U.S. multicenter
study of aspirin to prevent preeclampsia
showed that mild chronic hypertension
is associated with impaired pregnancy
outcome with diastolic blood pressure
levels >90 mmHg, regardless of aspirin
treatment (275). There were increasing
adverse outcomes per 5 mmHg rise in
diastolic, but not systolic pressure, up to
the exclusion level of ≥160/110 mmHg
(275). A meta-analysis of U.S. studies of
chronic hypertension in pregnancy found
significantly increased relative risks of
superimposed preeclampsia (RR 7.7, 95%
CI 5.7–10.1) and perinatal death (RR
4.2, 95% CI 2.7–6.5) compared with U.S.
general population incidences from the
National Vital Statistics Report 2006 (273).
Randomized trials of treatment are considered inadequate to date (160,274).
Regarding treatment of chronic hypertension in women with preexisting diabetes
mellitus in pregnancy, most authors

include them in the group of younger
patients with “possible target organ
disease,” especially if there is evidence of
macrovascular or microvascular disease.
In this case, guidelines are inconsistent.
Management is recommended to keep
blood pressure levels <140/90 mmHg
for “complicated chronic hypertension”
in pregnancy (270) or at <140/90 mmHg
“with comorbid conditions” (271,272).
Guidelines suggest not lowering diastolic
blood pressure <80 mmHg to reduce
the chance of impaired fetal growth
(40,270,271,272). However, as noted,
randomized trials in pregnant diabetic
women are lacking. Recommendations
for blood pressure targets in pregnancy
and safety of antihypertensive drugs in
pregnancy are noted in the extensive and
freely available U.K. (270) and Canadian
(271,272) guidelines.

Prevalence of Chronic Hypertension
in Pregnant Women With Preexisting
Diabetes
In a new analysis of NVSS 2009 data for
Diabetes in America, 13% of pregnant
women with preexisting diabetes had
prepregnancy hypertension. Among
413,170 deliveries of women with pregestational diabetes in the U.S. Nationwide
Sample of Delivery Admissions for
1995–2008, 11.7% were coded as having
chronic hypertension (224) (Table 5.18).
There was a strong trend for increasing
age-adjusted prevalence of chronic
hypertension with pregestational diabetes
among the total delivery sample from
1995–1996 to 2007–2008 (224).
Chronic hypertension is seen in pregnant
women with either type 1 diabetes (range
2.1%–14.7%) (93,113,226,243,276,277)
or undifferentiated pregestational
diabetes (range 5.5%–17.1%) (115,203,
213,214,221,224,227,248,249) among
population-based or multicenter studies
reported since 2000, as well as in new
analyses for Diabetes in America using
KPNC data (208) (Table 5.18). Regions
that reported rates of chronic hypertension >10% included the United States
(224,248), Northern California (208),
Alberta, Canada (214), and the northern
United Kingdom (243). In eight studies

with a nondiabetic control group, chronic
hypertension was much more common in
women with preexisting diabetes (115,203,
214,221,227,249,276,277) (Table 5.18;
methods given in the footnotes). Only one
report gave a frequency of chronic hypertension in pregnant women with type 2
diabetes: 8.6% in Japan (113) (Table 5.18).
Meta-analysis and systematic review of six
smaller cohort studies providing original
data on pregnancies in both type 1 and
type 2 diabetes concluded that chronic
hypertension is more common in women
with type 2 diabetes (11.2%) than with
type 1 diabetes (5.5%) (110). The relatively high rate of coding for chronic
hypertension (14.6%) in the 3,112 women
with preexisting diabetes giving birth
>19 weeks in 2001–2011 in the KPNC
multiethnic population is possibly due to
the high proportion of women with type 2
diabetes (62%) and obesity (66%) (208)
(Table 5.18).
An analysis of 532,088 birth and hospital
records for 2006 in California (singleton,
nonanomalous deliveries) revealed 4,151
cases of preexisting diabetes (0.78%), of
whom 433 also had chronic hypertension
(10.4%) (203). The combination of chronic
hypertension with preexisting diabetes
increased the risk of stillbirth (adjusted
OR 2.3, 95% CI 0.9–6.3), preeclampsia
at all gestational ages (adjusted OR 4.5,
95% CI 3.5–5.8), babies who were small
for gestational age and sex (adjusted OR
2.2, 95% CI 1.5–3.1), preterm delivery
<37 weeks gestation (adjusted OR 2.3,
95% CI 1.8–2.9), and reduced the risk of
shoulder dystocia (adjusted OR 0.2, 95%
CI 0.1–0.9) compared to diabetes without
hypertension (203).
The combination of pregestational
diabetes with chronic hypertension also
increased the risk of maternal stroke/
cerebrovascular complications, acute
renal failure, pulmonary edema, in-hospital mortality, stillbirth, preterm delivery,
and poor fetal growth (compared to no
diabetes and no chronic hypertension,
and compared to diabetes without chronic
hypertension) in adjusted analyses of
diagnostic and procedural ICD-9 codes
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in delivering patients in the U.S. National
Inpatient Sample for 1995–2008 (224).
Assessment of the interaction of hypertension in diabetic pregnancy with such
comorbidities as obesity, microalbuminuria, and hyperlipidemia is lacking.

Gestational Hypertension
Few population-based data sets show the
prevalence of gestational hypertension
in diabetic women in the United States.
In a new analysis of NVSS 2009 data for
Diabetes in America, 12.2% of pregnant
women with preexisting diabetes had
diagnostic codes for gestational hypertension and 13.0% had prepregnancy
hypertension, although distinguishing
between these conditions can be difficult.
Gestational hypertension was recorded
in 4.4% of pregnant diabetic women in a
multicenter medical record study in Utah
(115), and in 6.8% of 3,112 women with
preexisting diabetes and gestations >19
weeks in the KPNC system in 2001–2011
in a new analysis for the Diabetes in
America (208) (Table 5.18). In the latter
analysis, 174 pregnancies were excluded
due to dual coding for chronic and gestational hypertension.
The prevalence of gestational hypertension in women with preexisting diabetes
varies widely in population-based international studies, from 2.7% in Japan
(type 1 diabetes) (113) to 9.0% in Australia
(pregestational diabetes) (227), 13.9% in
Italy (type 1 diabetes) (95), and 22.5%
in West Ireland (type 1 diabetes; 24% in
type 2 diabetes) (108) (Table 5.18). Five
surveys with control populations showed
that gestational hypertension was significantly more common in women with
pregestational diabetes (115,221,227) and
type 1 diabetes (108,276) than in controls
(Table 5.18). Studies of nondiabetic
women suggest that gestational hypertension affects perinatal outcome, but there
is insufficient evidence for the benefit
or risk of antihypertensive treatment
(158,268,269,270,271,272).

Preeclampsia
In a new analysis for Diabetes in America,
among 3,112 women with preeexisting
diabetes mellitus (62% type 2 diabetes,
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66% obesity) delivering at >19 weeks gestation in the KPNC system in 2001–2011, the
frequency of primary preeclampsia was
6.6%, and the frequency of preeclampsia
superimposed on chronic hypertension
was 4.4%; total preeclampsia was 11.0%
(208) (Table 5.18). The rate might have
been higher, because dual coding for
chronic hypertension and gestational
hypertension was excluded. Superimposed
preeclampsia was recorded in 30.4% of
diabetic women with chronic hypertension
(208). The overall rate of preeclampsia
was 19.9% in 462 women with preexisting
diabetes participating in a U.S. multicenter
trial conducted 20 years earlier (17.6% if
no hypertension or proteinuria at baseline;
26.3% if both hypertension and proteinuria
at baseline) (248) and the rate was similar
to numbers in Denmark (93), Norway (278),
and the region of Helsinki, Finland (226) for
women with type 1 diabetes (Table 5.18).
Results of other North American and
international surveys are included in Table
5.18, with rates of preeclampsia ranging
from 4.3% to 13.6% in women with type
1 diabetes (95,100,107,108,113,210,276),
3.5% to 13.7% in women with type 2
diabetes (95,107,108,113,210), and 3.6%
to 13.8% in women with undifferentiated preexisting diabetes in pregnancy
(115,203,212,213,214,221,227). In a large
retrospective study of 532,088 singleton,
nonanomalous births in California in 2006,
preeclampsia occurred in 9.5% of 3,718
women with preexisting diabetes without
chronic hypertension and in 31.7% of 433
women with both preexisting diabetes and
chronic hypertension (p<0.001) (203). The
effect size of preeclampsia in different
gestational age brackets in preexisting
diabetes with or without chronic hypertension versus women without disease
was calculated in multivariable analysis
(adjusted for age, race/ethnicity, insurance
type, education level, parity, number of
prenatal visits, obesity, and renal disease)
(203). For women with preexisting diabetes alone, the adjusted odds ratio for
preeclampsia <34 weeks was 1.6 (95%
CI 1.1–2.4) compared to 8.9 (95% CI 5.1–
15.6) in women with preexisting diabetes
and chronic hypertension. Similar ratios
of effect size were found for preeclampsia

at 34–36 weeks and ≥37 weeks gestation
(203).
Results of these studies did not always
separate data for gestational hypertension.
For 10 surveys of deliveries of diabetic
women in Table 15.8 that did separate
results for gestational hypertension, the
frequencies of preeclampsia were <5% in
three studies (95,115,221), 11.9%–14.0%
in five studies (108,113,208,227,276),
and 16.7% (243) and 16.9% (226) in two
others. It is interesting that the rate of
gestational hypertension was usually
lower than the rate for preeclampsia, but
gestational hypertension was much more
frequent than preeclampsia in the reports
from Italy (95) and West Ireland (108). In
the 10-hospital assessment of secondary
birth outcomes in Utah, the low rate of
preeclampsia of 4.7% in women coded
as having preexisting diabetes might be
due to the exclusion of primiparity, a wellknown risk factor for preeclampsia (115)
(Table 5.18).
Of the surveys, nine studies included
control nondiabetic or reference populations of total deliveries, and the crude
relative risk or adjusted odds ratios for
preeclampsia with type 1 diabetes or
undifferentiated preexisting diabetes
ranged from 2.8 to 3.4 in North America
(203,210,214,249), from 4.3 to 12.1 in
Europe (100,276,278), 4.0 in Australia
(227), and 2.0 in South Korea (221)
(Table 5.18). The methods for these
comparisons are given in the footnotes
to Table 5.18. Comparison of crude rates
of preeclampsia were significantly higher
in the diabetic women than controls in
five other surveys (93,108,115,203,212)
(Table 5.18). Three studies presented
data for mild and severe preeclampsia or
eclampsia: in California, in 2001–2007,
5.3% were recorded as mild preeclampsia,
2.5% as severe preeclampsia, and 0.2%
as eclampsia (adjusted OR comparisons
were made to gestational diabetes) (213);
in Sweden, in 1991–2003, the adjusted
odds ratios were 4.30 (95% CI 3.83–4.83)
for mild preeclampsia and 4.47 (95% CI
3.77–5.31) for severe preeclampsia versus
controls (276). The frequency of eclampsia
was 0.2% in women with pregestational
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diabetes in California (213) and 0.16% in
South Korea (adjusted OR 1.53, 95% CI
1.14–2.07 vs. controls) (221) (Table 5.18).
Of 124 diabetic women in West Ireland
who had preconception care and
continuing pregnancies ≥20 weeks gestation, the frequency of preeclampsia was
10.5% compared to 12.2% (NS) in 229
diabetic women who registered for care
during pregnancy (89). Of 161 KPNC
mothers with diabetic nephropathy in
2007–2011 (defined by albuminuria prior
to pregnancy), the frequency of superimposed preeclampsia was 16.8% (208). In
four surveys comparing type 1 diabetes
with type 2 diabetes in pregnancy
(95,107,108,210), the frequency of
preeclampsia was lower in type 2 diabetes
in Canada or Europe (Table 5.18). In
Japan, in 2003–2009, the frequencies of
preeclampsia were 9.7% in 330 women
with pregnancies proceeding >19 weeks
gestation with type 1 diabetes and 13.7%
in 510 women with type 2 diabetes
(113). The majority of the preeclamptic
women with type 2 diabetes in Japan had
preceding chronic hypertension (113).

In a vastly larger group of women with
preexisting diabetes in pregnancy in
South Korea in 2010–2012, based on
claims made to national health insurance,
preeclampsia was recorded in only 3.9%
of patients compared to 1.1% of controls
(221). Chronic hypertension in diabetic
pregnancy was coded more often in South
Korea in women with undifferentiated
preexisting diabetes (6.6%) (221) than in
Japan for type 1 diabetes in pregnancy
(3.25%), although chronic hypertension
was recorded in 8.6% of women with
type 2 diabetes in pregnancy in Japan
(113) (Table 5.18).
Among classic risk factors for
preeclampsia, including diabetes and
chronic hypertension (279), there
has been continuing evidence that
poor glycemic control in early and
later pregnancy increases the risk
for preeclampsia (but not gestational
hypertension) in diabetic women
(262,280,281,282,283,284). Research
on the mechanisms linking glycemia to
preeclampsia should be productive in
concert with investigation of the role of

biomarker screening for prediction of
severe preeclampsia, which has confirmed
the excess risk of both early-onset (<34
weeks) (RR 5.2, 95% CI 2.9–9.2) and
later-onset preeclampsia (RR 6.8, 95% CI
5.1–9.1) in women with pregestational
diabetes (285).
Other research on possible prevention
of preeclampsia has included diabetic
women and is well reviewed in the
freely available U.K. (270) and Canadian
(271,272) guidelines on hypertensive
disorders and pregnancy. Their recommendations are for prophylactic treatment
of women with type 1 and type 2 diabetes
with low-dose aspirin prior to 16 weeks
gestation and the use of calcium supplementation in diabetic women with low
calcium intake (270,272). These are
management criteria to survey in future
community or population-based epidemiologic studies of diabetes and pregnancy.
Supplements with vitamins C and E did
not reduce the frequency of preeclampsia
in pregnant women with type 1 diabetes
in multicenter placebo-controlled randomized trials (243,286).

FETAL COMPLICATIONS PRIOR TO DELIVERY
Definitions of and methodology for
assessing gestational age, pregnancy
losses, fetal deaths, and neonatal/infant
deaths, as well as congenital anomalies/
malformations or birth defects, have been
highly variable in North America, as well
as internationally. A consensus approach
was published by the IADPSG (13).
Gestational age is established by postmenstrual completed weeks, confirmed
by ultrasound examination when possible
(using ultrasound dates if >5 day discrepancy in the first trimester or >10 day
discrepancy in the second trimester).
Miscarriage is defined as pregnancy loss
at <20 weeks. Stillbirth (fetal death) is
delivery of an infant showing no signs
of life at ≥20 weeks, if gestational age is
known, or a weight ≥350 g, if the gestational age is not known. Late fetal death is
at ≥28 weeks of gestation. Major congenital malformations include the ICD-10
codes Q00–Q99 (European Surveillance
of Congenital Anomalies [EUROCAT]

Guide). In addition, a major congenital
abnormality requires medical or surgical
treatment, has a serious adverse effect on
health and development, or has significant
cosmetic impact (13).

SPONTANEOUS ABORTION
Reliable data on spontaneous abortions
(miscarriage; early fetal loss in some
reports) require prospective evaluation
from preconception to very early and later
in gestation. The prospective DIEP fivecenter study conducted in 1980–1985
enrolled 386 women with type 1 diabetes
before conception or by 21 days after
conception (287). A caveat is that the
willingness of diabetic subjects to enroll
early for intensive glycemic monitoring
meant that the DIEP did not represent
the general population of women with
type 1 diabetes. A major strength of the
DIEP is that it is still the only prospective
study that enrolled nondiabetic women as
controls, also before or by 21 days after

conception. Women may have been more
carefully monitored as a result, with lower
fetal loss rates than observed in other
studies.
In the DIEP, the embryonic and early fetal
loss rate <20 weeks gestation was 16.1%
(62/386; including one ectopic pregnancy
and one hydatidiform mole) in diabetic
women compared to 16.2% (70/432;
including three ectopic pregnancies) in
nondiabetic controls (287). The proportion
of the early pregnancy losses at 4–8 postmenstrual weeks gestation was 43.5% in
diabetic women versus 52.4% in controls,
42.0% versus 37.1% at 9–12 weeks, and
14.5% versus 10% at 13–19 weeks. In the
subgroup of diabetic women with poor
glycemic control, the risk of pregnancy
loss increased linearly with increasing
glycohemoglobin levels (p=0.015). (287).
In the total study group, multiple logistic
regression identified only greater maternal
age and nonwhite race as significant
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demographic risk factors for spontaneous
abortion. After adjustment for all demographic factors, the risk for spontaneous
abortion remained equivalent in the
diabetes and control groups.
Fasting and postprandial data from
home blood glucose diaries in the DIEP
confirmed the relation between elevated
glucose and early pregnancy loss (287).
Later analysis showed an increased
risk of early fetal loss with low, as well
as high, maternal glycoprotein levels
(288). Considering clinical hypoglycemia,
measurements <50 mg/dL “was no higher
for any week in the first trimester (weeks
5 through 12) in the women who had
spontaneous abortions than in those who
delivered” (287). Although fasting betahydroxybutyrate levels were significantly
higher at 6, 8, 10, and 12 weeks gestation
in the diabetic than in the control women
and correlated positively with fasting blood
glucose, ketone levels were not increased
in women suffering early fetal loss (289).
The relationship of rates of early fetal loss
to measures of maternal hyperglycemia
in early pregnancy was confirmed in early
studies, with descriptions provided in a
1996 review (145). Another systematic
review of four observational studies
showed that miscarriage in type 1 and
type 2 diabetes was associated with poor
glycemic control (pooled OR 3.23, 95%
CI 1.64–6.36) (290). In the DCCT, the
rate of spontaneous abortion was 13.3%
of 135 pregnancies in women with type 1
diabetes in the original intensive therapy
group, 7.7% of 52 pregnancies in women
who changed to intensive therapy before
conception, and 12.0% of 83 pregnancies
in women who did not (6). Mean A1c at
conception was 7.4%±1.3%, 6.9%±1.0%,
and 8.8%±1.7% in the three groups,
respectively (6).
A data analysis of the outcomes of pregnancies complicated by type 1 or type
2 diabetes in the United Kingdom in the
General Practice Research Database
(GPRD) focused on early pregnancy
losses (291). The database included
2,001 pregnancies with 669 early pregnancy losses in maternal type 1 diabetes
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(392 were spontaneous losses, 362 in
the first trimester and 30 in the second
trimester). During the pregnancies
complicated by type 1 diabetes, 18.1%
of pregnancies in the first trimester and
1.5% in the second trimester resulted
in spontaneous abortions. During pregnancies complicated by type 2 diabetes
(n=669), 19.0% of pregnancies in the
first trimester and 2.1% of pregnancies
in the second trimester resulted in spontaneous abortions. Induced pregnancy
losses were recorded in 9.1% in the first
trimester and 0.4% in the second trimester
for type 1 diabetes compared to 10.3%
in the first trimester and none in the
second trimester for type 2 diabetes. First
trimester pregnancy losses of unknown
type were also recorded: 4.1% of all
pregnancies for type 1 diabetes and 3.7%
for type 2 diabetes (291). These rates
in the GPRD are higher than previously
anticipated, probably due to availability of
primary care data. It is possible that poor
outcomes were more likely to be reported
to the database than routine outcomes.
The GPRD is useful due to inclusion of data
on age, BMI, smoking status, duration of
diabetes, and prescriptions for folic acid,
antihyperglycemic medications, antihypertensives, and statins (291). Receiving folic
acid prescriptions before pregnancy was
infrequent in all groups in the GPRD, but
no data were obtained on general multivit
amin use (291). For type 1 diabetes, age
>35 years, BMI >40 kg/m2, and smoking
were independent risk factors for early
pregnancy losses, and specific prescription
utilization was not. For type 2 diabetes,
31.4% of patients used only biguanides or
other oral antihyperglycemic agents in the
3 months before pregnancy and the first
trimester compared to 54.2% using insulin.
The former group had higher pregnancy
loss rates than the women using insulin,
but data on A1c levels were insufficient to
determine whether glycemic control was a
factor (291).
Of 31 women with type 1 diabetes in this
survey who were prescribed statins in
the 3 months before pregnancy, 15 had
pregnancy loss; of 35 women with type 2
diabetes presumably using statins before

pregnancy, 16 had a pregnancy loss (291).
In a subsequent report from the same
group, in the GPRD, 281 pregnancies
potentially exposed to statins just before
or early in pregnancy were matched to
2,643 unexposed pregnancies; 48% of
those exposed reported diabetes before
pregnancy compared to 45% in the nonexposed (292). Spontaneous pregnancy
loss occurred in 25.3% of all pregnancies
exposed to a statin compared to 20.8% in
those unexposed. Time to event analysis
with exposure as a time-dependent
covariate gave an adjusted hazard ratio
(HR) of 1.64 (95% CI 1.10–2.46) of spontaneous pregnancy loss in the statin-exposed
group (292). Stratifying by diagnosis gave
a hazard ratio of 1.27 (95% CI 0.81–1.98)
related to statin use for those with a
diagnosis of diabetes versus 2.11 (95%
CI 1.38–3.23) for those who did not have
diabetes (292). This finding needs further
investigation in diabetic women.
Although the major focus of prospective
studies of preconception care of diabetes
has been prevention of major congenital
malformations (75), women participating
in preconception care generally do not
have increased rates of spontaneous
abortion compared to DIEP controls
(89,94,96,145,293,294).
Possible confounders of the relation
between glycemic control and the risk of
spontaneous abortion were evaluated in
a sample of 191 pregnancies in women
with type 1 diabetes in a regional center
in Ohio (295). Early pregnancy smoking
(OR 3.3, 95% CI 1.2–8.7) and caffeine
consumption (OR 4.5, 95% CI 1.2–16.8)
were associated with increased risk of
spontaneous abortion when controlling
for age, years since diagnosis of diabetes,
previous spontaneous abortion, nephro
pathy, and retinopathy (295).

FETAL DEMISE (STILLBIRTH)
Unfortunately, investigators of the studies
reviewed in this chapter have used different
gestational age limits to determine the
difference between spontaneous abortion
(miscarriage; early fetal loss) and stillborn
infants (20 weeks, 22 weeks, 24 weeks, 28
weeks, and even 32 weeks; the latter two
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are holdovers from the past). Advances in
perinatal care have progressively shifted
limits of fetal viability to earlier gestational
ages. Most data sets do not include data on
spontaneous abortions, and many investigators are limited by historical parameters
used in the creation of large public administrative databases.
As background, consider that National
Center for Health Statistics fetal death
and live birth data files showed U.S.
population stillbirth rates for total pregnancies of at least 20 weeks gestation
at 6.05 stillbirths per 1,000 deliveries
in 2006 and 2012 (296). The total rates
for non-Hispanic whites were 4.81 in
2006 and 4.91 in 2012; for non-Hispanic
blacks, 10.73 in 2006 and 10.67 in 2012;
for the Hispanic population, 5.29 in 2006
and 5.33 in 2012 (296). The authors
computed gestational age-specific stillbirth rates at 20 weeks of gestation or
greater. The percentage of total stillbirths
was distributed as approximately 5% for
each gestational age week from 23 weeks
through 41 weeks, in contrast to the
overwhelming proportion of live births at
37–41 weeks. “There was little change
in the percent distribution of stillbirths
by gestational age from 2006 to 2012.
However, the percent distribution of live
births by gestational age changed considerably: births at 34–38 weeks of gestation
decreased by 10%–16%, and births at
39 weeks of gestation increased by 17%”
(296).
The authors compared traditionally
computed stillbirth rates (number of stillbirths at a given gestational age/number of
live births plus stillbirths at that gestational
age x 1,000) with prospective stillbirth rates
by single weeks of gestation (number of
stillbirths at a given gestational age/number
of live births and stillbirths at that gestational age or greater x 1,000) (296). They
concluded that the “prospective stillbirth
rate is preferred for measuring stillbirth risk,
because the denominator is the number
of women who are pregnant, and thus
at risk of stillbirth, at a given gestational
age. In contrast, traditional stillbirth rates
exhibit considerable volatility in the face of
changes in the distribution of live births by
gestational age” (296).

Among 94 women with type 1 diabetes
randomized to intensive therapy in the
DCCT prior to pregnancy in 1983–1993,
intrauterine death occurred in five of
135 starting pregnancies (four at <20
weeks), or one of 96 pregnancies at ≥20
weeks (1.0%) (6). There was one stillbirth
≥20 weeks in 52 pregnancies of women
randomized to conventional therapy
but changed to intensive therapy before
conception, and two in 83 pregnancies of
women on conventional therapy changed
to intensive therapy after pregnancy was
diagnosed (6). In a landmark U.S. randomized trial of low-dose aspirin starting at
13–26 weeks gestation that included
462 women with unclassified preexisting
diabetes, the stillbirth rate ≥20 weeks was
1.7% (four of eight prior to 26 weeks), and
it was not affected by aspirin use (248).
A retrospective cohort study of prepregnancy risk factors compared 712 singleton
antepartum stillbirths to 174,097 singleton
live births at ≥23 weeks at 31 centers in
the United States in 2002–2008 (297).
The rate of maternal preexisting diabetes
was 4.2% among 712 stillbirths compared
to 1.5% among 174,097 livebirths
(p<0.0001). The frequency of antepartum
singleton stillbirth among 2,633 women
with preexisting diabetes was 1.14%
compared to 0.41% in the whole population (adjusted HR 2.7, 95% CI 1.8–3.9).
Among many stillbirth risk factors undergoing multivariable analysis, the adjusted
hazard ratios for preexisting diabetes were
3.5 (95% CI 2.0–6.1) in nulliparous births
and 2.1 (95% CI 1.3–3.5) in multiparous
births (297). Term stillbirth risk increased
with preexisting diabetes (3.1/1,000), with
chronic hypertension (1.7/1,000), with
black race (1.8/1,000), and with maternal
age ≥35 years (1.3/1,000)—all versus the
reference rate of 0.8 per 1,000 in women
with no risk factors (297).
In the National Inpatient Sample with
12,524,119 delivery records in 2008–
2010, 0.41% of all sampled births in the
United States had an ICD-9 code for
stillbirth (298). The frequency of pregestational diabetes was 4.02% in 51,075
stillbirths compared to 1.03% in all live
births (p<0.0001). The frequency of stillbirth was 1.57% among 130,970 women

with preexisting diabetes in this study.
Diabetes as an independent risk factor for
stillbirth had a fully adjusted odds ratio of
3.21 (95% CI 3.06–3.38), with an adjusted
odds ratio of 3.79 (95% CI 3.40–4.20) for
diabetes with chronic hypertension (298).
A multisite population-based case-control
study was conducted between 2006
and 2008 in 59 hospitals distributed
throughout the United States by the
Stillbirth Collaborative (299). Among
393 cases of stillbirth and 1,350 control
deliveries, the adjusted odds ratio for risk
of stillbirth independently associated with
diabetes was 3.47 (95% CI 1.86–6.49).
Limiting the analysis to nonanomalous
singleton deliveries, which excluded 90
stillbirths, the adjusted odds ratio for
diabetes as an independent risk factor for
antepartum stillbirth was 3.83 (95% CI
1.93–7.60) (299). Similar risk ratios for the
independent association of preexisting
diabetes with stillbirth were found for New
Jersey in 1997–2005 (adjusted RR 3.5,
95% CI 2.8–4.3) (300), for singleton pregnancies in Alberta, Canada, in 2005–2011
(adjusted OR 3.73, 95% CI 2.82–4.95)
(214), and for the West Midlands region of
England in 2009–2011 (frequency 1.4%
vs. 0.4%; crude RR 3.7, 95% CI 2.0–6.9;
adjusted RR 3.9, 95% CI 1.7–8.9; population attributable risk 2.0%) (301).
Population-based or multicenter surveys
of birth outcomes of pregnancies with
undifferentiated preexisting diabetes
in the 1990s–2011 are shown in Table
5.19. The crude rates of stillbirth were
0.8%–2.1% in six studies in North
America (203,208,213,214,248,249) and
0.5%–3.4% in other international studies
(88,92,209,211,227,302) compared to
0.61%–3.1% in 17 surveys of women with
type 1 diabetes (93,94,95,98,100,107,108,
113,114,210,229,243,276,278,303,304,
305,306), with variable inclusion of stillbirths starting at gestational ages 20–28
weeks (Table 5.20). Among five surveys of
births to women with type 1 diabetes that
included nondiabetic control populations,
the range of adjusted risk for stillbirth was
2.3–5.0 (93,210,276,278,305) (see Table
5.20 for odds ratios or risk ratios, and the
footnotes for methods of comparison).
Maternal confounders or comorbidities
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TABLE 5.19. Birth Outcomes With Undifferentiated Diabetes Diagnosed Before Pregnancy, Population-Based or Multicenter Studies,
1991–2014

REGION, YEARS
(REF.)

TOTAL NUMBER
OF BIRTHS,
GESTATIONAL
AGE OR WEIGHT

United States,
1991–1995 (248)†

462
>19 w

California, 2001–
2007 (213)‡
California, 2006
(203)§

22,331
>19 w
3,718
>19 w, no chronic
hypertension

Northern
California, 2001–
2011 (208)║

3,286║
>19 w
3,185 infants
3,157 liveborn

Preterm
(<37 Weeks
Gestation)

NUMBER OF CASES (PERCENT)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
Shoulder
Dystocia
Cesarean
(Percent of
Neonatal
Perinatal
Section
Vaginal Births)
Stillborn
Death*
Mortality*

175 (37.9)

8 (1.7)

<35 w:
75 (16.2)
3,179 (14.2)
721 (19.4)
vs. (9.3)
adjOR 2.2
(2.1–2.4)
716 (21.8)

11,711 (52.4)

526 (4.95)

265 (1.2)

1,924 (58.6)

93 (2.5)
vs. (1.1)
adjOR 2.1
(1.7–2.7)
128/1,362 (9.4)

30 (0.8)
vs. (0.3)
adjOR 3.2
(2.1–5.0)
28 (0.88)

3 (0.66)

11 (2.4)

24 (0.76)

52 (1.6)

Late Infant
Death*

6 (0.19)

<28 w:
22 (0.7)
28–33 w:
141 (4.3)
34–36 w:
553 (16.8)
156 (19.5)
vs. (7.3)
p<0.0001
143 (27.7)
vs. (5.2)
p<0.001

43/711 (6.0)

12 (2.3)
vs. (0.6)
p=0.004
10 (1.69)**

2001: 1,532

535 (34.9)
vs. (22.7)

64/997 (6.4)
vs. (2.1)

11 (1.3)**
vs. (0.76)

2009: 1,463**

NR

NR

27 (1.85)**
vs. (0.77)

1,200 (48.3)
adjOR 2.53
(2.33–2.74)

158 (12.3)
adjOR 1.54
(1.31–1.81)

802
>19 w

Nova Scotia,
Canada, 1988–
2002 (249)#
Ontario, Canada,
1996–2009
(91,212)**

516
>19 w
1996: 1,122

Alberta, Canada,
2005–2011
(214)††

>19 w
2,485 singleton
births,
2,432 liveborn

459 (18.5)§§

Northern England,
1996–2008
(211)║║

1,548
>19 w,
1,502 liveborn

24–27 w:
15 (0.97)
vs. (1.2)

United Kingdom,
2002–2003
(302)¶¶

Northern England,
2002–2004
(209)##

9 (1.1)
vs. (0.44)

26 (5.1)
vs. (2.2)
p<0.0001

295 (36.8)
vs. (17.2)
p<0.0001
253 (49.0)
vs. (19.5)
p<0.001
411 (36.6)

Utah, 2002–2010
(115)¶

2,349 births
≥24 w,
2,290 liveborn

428
>23 w,
420 livebirths

5 (0.97)
vs. (0.4)
p=0.060

7 (1.37)

53 (2.1)
adjOR 3.73
(2.82–4.95)

19 (0.8)
adjOR 2.00
(1.27–3.17)

72 (2.90)

20–23 w:
5 (0.3)

6 (0.40)
RR 1.74
(0.8–3.9)

52 (3.36)

20–23 w:
16 (0.68)

>23 w:
41 (2.65)
RR 5.87
(4.3–8.0)
59 (2.5)
vs. (0.6)
adjRR 4.7
(3.7–6.0)

19 (0.83)
vs. (0.36)
adjRR 2.6
(1.7–3.9)

75 (3.18)
vs. (0.85)
RR 3.8
(3.0–4.7)

24–27 w:
38 (1.60)

24–36 w:
44 (1.9)

24–36 w:
16 (0.7)

28–36 w:
863 (36.4)

≥37 w:
15 (0.64)
8 (1.9)

≥37 w:
3 (0.13)
7 (1.7)

125 (5.0)‡‡

28–36 w:
564 (36.4)
vs. (7.3)
917 (38.7)

1 (0.20)

4 (0.27)
RR 2.1
(0.8–5.6)

15 (3.5)

Table 5.19 continues on the next page.
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TABLE 5.19. (continued)

REGION, YEARS
(REF.)
Western Ireland,
2005–2014 (88)***

TOTAL NUMBER
OF BIRTHS,
GESTATIONAL
AGE OR WEIGHT
2005–2009: 187

Preterm
(<37 Weeks
Gestation)
60 (32.1)

NUMBER OF CASES (PERCENT)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
Shoulder
Dystocia
Cesarean
(Percent of
Neonatal
Perinatal
Section
Vaginal Births)
Stillborn
Death*
Mortality*
113 (60.4)

5 (6.8)

5 (2.7)
vs. (0.49)

None in first
week of life

67 (33.8)

130 (65.7)

3 (4.4)

1 (0.5)
vs. (0.42)

None in first
week of life

<34 w: 42
166 (38.2)

256 (58.9)

11 (6.1)

15 (3.4)

4 (0.95)

Type 1: 12
Type 2: 3

Type 1: 1
Type 2: 3

22 (0.66)
vs. (0.35)
OR 1.89
(1.2–2.9)
20 (1.6)
vs. (0.6)
OR 2.9
(1.8–4.6)

<8 days of life:
5 (0.15)
OR 0.92
(0.4–2.2)
5 (0.41)
vs. (0.2)
OR 1.78
(0.65–4.45)

Late Infant
Death*

<34 w: 44
2010–2014: 198

France, 2000–
2001 (92)†††

435
>21 w or ≥500 g

<32 w:
21 (4.8)

Bavaria, Germany,
2001–2007
(318)‡‡‡

3,348
unknown
gestational age

New South Wales,
Australia,
1998–2002
(227)§§§

1,248 singleton
deliveries
>20 w,
1,228 liveborn

32–36 w:
145 (33.4)
588 (17.6)
vs. (8.7)
OR 1.94
(1.8–2.1)
240 (19.2)
20–27 w:
9 (0.7)
OR 2.9
(1.4–5.8)
28–31 w:
24 (2.0)
OR 4.7
(3.0–7.1)

South Korea,
2010–2012
(221)║║║

32,207

32–36 w:
207 (16.6)
OR 4.6
(3.9–5.3)
1,488 (4.62)
vs. (2.04)
adjOR 1.76
(1.67–1.87)

648 (51.9)
Before labor:
415 (33.3)
vs. (11.3)
OR 4.8
(4.3–5.5)

27 (4.5)
vs. (1.3)
OR 3.5
(2.3–5.2)

25 (2.0)

After labor:
233 (18.7)
vs. (9.7)
OR 3.2
(2.7–3.7)

16,461 (51.1)
vs. (35.9)
p<0.0001

13 (0.08)
vs. (0.03)
adjOR 2.27
(1.29–3.99)

Table includes prospective population-based and multicenter studies reported in 2000–2016. AdjOR, indicates odds ratio adjusted for multiple covariates; CH, chronic hypertension; CI, confidence interval; ICD-9/10-AM, International Classification of Diseases, Ninth/Tenth Revision, Australian Modification; NR, not reported; PDM, preexisting diabetes
mellitus of pregnancy; PNM, perinatal mortality; PTD, preterm delivery; RR, rate ratio or relative risk (95% CI, significant) versus general maternity population adjusted for
maternal age; w, weeks gestation.
* Unless otherwise defined in a footnote: neonatal death is defined as liveborn infants dying at 1–28 days after birth (percentage of liveborn infants); PNM is defined as the
combination of stillbirths and neonatal deaths in births ≥20 w, or at varying gestational ages according to individual study; and late infant death is defined as liveborn infants
dying at 29 days to 1 year of life.
† Multicenter randomized controlled trial of aspirin to prevent preeclampsia (no effect) with recruitment of 471 diabetic subjects at 13–26 w (excluded seven miscarriages and
two cases with incomplete data). Diabetic women required insulin before pregnancy. Four stillbirths and one neonatal death occurred before 26 w.
‡ Retrospective study using health discharge data for all deliveries (age 15–54 years) during 2001–2007 (>3.5 million), California Office of Statewide Health Planning and
Development; diagnoses by ICD-9 codes; multivariate analysis only versus gestational diabetes. Excluded subjects missing age or race/ethnicity data, as well as extremes of
age (<15 and ≥55 years).
§ Normally formed singleton offspring delivered >19 w; data source California Vital Statistics Birth Certificate Data linked with the California Patient Discharge Data, as well as
Vital Statistics Death Certificate Data and Vital Statistics Fetal Death File, in 2006; diagnoses by ICD-9 codes; 522,377 controls without diabetes or hypertension; multivariable logistic regression to estimate risks adjusted for maternal age, race/ethnicity, insurance type at delivery, education level, parity, obesity, and renal disease. PTD <37 w,
PDM with CH, 35.5%, adjOR 4.9 (95% CI 4.0–6.0); PTD <32 w, PDM with CH, 10.1%, adjOR 7.6 (95% CI 5.1–11.2); stillbirth, PDM with CH, 2.2%, adjOR 7.1 (95% CI 3.1–16.2).
║ A. Ferrara and T. Peng; unpublished data from multicenter analysis of births from 14 hospitals in Kaiser Permanente Northern California system, prepared for Diabetes in
America, 3rd edition. Data sources were unique birth and diabetes registries with prospective data entry. N=3,286 for deliveries (denominator for PTD, cesarean section, and
shoulder dystocia) is larger than N in Table 5.18 due to inclusion of 174 cases with dual coding for chronic and gestational hypertension here. For infants linked to mothers
with PDM, n=3,185 (only one count if twins); denominator for stillbirth, neonatal death, and late neonatal death.
¶ Subjects with PDM in a previous and current pregnancy in a multicenter analysis. Singleton births; data collected retrospectively from electronic medical records of 20 hospitals in Utah; subjects here are women with at least two consecutive pregnancies with PDM in both, data from last pregnancy. Only 75.8% of subjects were coded as using
insulin during the index pregnancy; 58,224 controls without diabetes in previous and current pregnancy. Tested for differences between subjects and controls using Poisson
regression models with robust variance estimators.
# Data on all births >19 w and ≥500 g at 11 maternity units throughout the province, obtained from Nova Scotia Atlee Perinatal Database. Diabetes ascertained at first prenatal
visit as present before pregnancy. 150,589 nondiabetic controls. P values obtained from chi-square or Fisher’s exact test as appropriate.

Table 5.19 continues on the next page.
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TABLE 5.19. (continued)
**

Data obtained from Canadian hospital discharge abstracts database linked to Ontario Diabetes Database. PDM diagnosis accepted if made >270 days before delivery.
Deliveries for 1996 and 2001 obtained from reference 212. Denominators for PNM obtained from reference 91, supplementary tables 2 and 3: 591 PDM in 1996–1997; 845
PDM and 69,116 controls in 2002; 1,463 PDM and 90,187 controls in 2009.
†† Data sources were all singleton births in registry of the Alberta Vital Statistics Birth File, the Alberta Diabetes Database, a part of the Canadian National Diabetes Surveillance
System (validated case definition of one hospitalization or outpatient visits in 2 years), the Alberta Hypertension Database, the Hospital Discharge Database, and the
Ambulatory Care Classification System. Total of 306,576 controls without preexisting diabetes or gestational diabetes; multinomial logistic regression to examine risks with
diabetes, adjusting for maternal age, parity, preexisting hypertension, and First Nations status.
‡‡ Preterm birth with labor induction
§§ Preterm birth with no labor induction
║║ Data source Northern Diabetes in Pregnancy Survey; singleton pregnancies; major congenital anomalies identified from the Northern Congenital Abnormality Survey
excluded. Risks compared to 395,844 total births ≥20 w in women without preexisting diabetes obtained from the U.K. office for National Statistics; examined by a series
of logit-linked generalized estimating equations. 22.1% type 2 diabetes. Rate of late miscarriage at 20–23 w in total population 0.2% (nonsignificant from PDM). Three of 41
stillbirths were intrapartum deaths in PDM versus 10.8% of all stillbirths in controls; relative risk for intrapartum fetal death associated with PDM 3.97 (95% CI 1.27–12.41),
p=0.042 by Fisher’s exact test.
¶¶ Study database obtained from 231 maternity units in England, Wales, and Northern Ireland by questionnaires and confidential inquiries into births; 2,349 PDM (27.6%
type 2 diabetes) live and stillborn infants (41 multiple gestations) in March 2002 through February 2003, excluding five pregnancy terminations ≥24 w; data here taken
from authors’ Table 1 of gestational age distribution of fetuses delivered at ≥20 w. Article included 30 terminations of pregnancy <24 w for congenital anomaly, 14 late fetal
losses at 20–23 w, and two neonatal deaths at 20–23 w. In this table, rates of stillbirths and neonatal deaths are given for each gestational age period and for total. Authors
calculated relative risks include the terminations at 24–32 w and the stillbirths compared to PNM data from U.K. CEMACH 2002 death notifications (PNM there calculated as
stillbirths >23 w plus neonatal deaths in first 7 days of life; PNM in table calculated as stillbirths >23 w plus neonatal deaths in first 28 days of life).
## Data from the Northern Diabetic Pregnancy Survey, 14 maternity units, linked to the Northern Congenital Abnormality Survey and the Northern Perinatal Mortality Survey.
Recorded total pregnancies in women with preexisting diabetes (26% type 2 diabetes) whose pregnancy ending in spontaneous loss (36 <13 w; 12 at 13–23 w), termination
of pregnancy (n=2), or birth. Data here include births >23 w. Stillbirth defined as ≥24 w.
*** Multicenter study in the Irish Atlantic Seaboard. Of 445 pregnancies in the total time period, 38.7% were type 2 diabetes and 88% were Caucasian; here excluded 30 miscarriages in 2005 and 30 in 2010–2014.
††† Multicenter study in 12 perinatal centers participating in the French Diabetes and Pregnancy Study Group. Included women with type 1 (66%) and type 2 diabetes (34%).
Prospectively recorded singleton births ≥22 w. Stillbirths defined as fetal death at ≥22 w or ≥500 g. Neonatal death within first 28 days of life. PNM 0.7% with preconception
care and 8.1% without preconception care (p<0.005) among those with type 1 diabetes.
‡‡‡ Standard data set collected electronically from all Bavarian obstetric units and transferred to the central Office for Quality Assessment; stillbirth gestational age undefined;
neonatal death defined as within first week of life. Controls were 737,013 births without diabetes; assessed crude odds ratios (95% CI) for risks.
§§§ All women and infant discharges after birth of liveborn or stillborn singletons at >20 w or >400 g birth weight in New South Wales in July 1998 through December 2002.
Data obtained from linked Midwives Data Collection and the Inpatient Statistics Collection (both datasets suffer from underreporting; sensitivities 50%–95.5%). Diagnoses by
ICD-10-AM codes (excluded 595 women with discordant diabetes coding). Preterm births are percentage of liveborn infants. Neonatal deaths are within the birth hospitalization. 352,673 controls without pregestational or gestational diabetes used in contingency tables to compare groups, for crude odds ratios (OR, 95% CI).
║║║ Data source was maternal claims to the Health Insurance Review and Assessment Service database; subjects age 15–49 years; diagnoses by ICD-10 codes; only first of
repeated deliveries in 3-year period counted; delivery of twins counted as one delivery; no lower gestational age given for deliveries; controls are 1,171,575 deliveries without
preexisting or gestational diabetes; effect of diabetes estimated by logistic regression analysis adjusted for maternal age, multiple pregnancy, and preexisting hypertension;
no neonatal data.
SOURCE: References are listed within the table.

TABLE 5.20. Birth Outcomes in Women With Type 1 Diabetes Diagnosed Before Pregnancy, Population-Based or Multicenter Studies,
1985–2013

REGION, YEARS
(REF.)

TOTAL NUMBER
OF BIRTHS,
GESTATIONAL
AGE OR WEIGHT

California, 2006
(114)†
Ontario, Canada,
2005–2006 (210)‡

563
>19 w
904
>19 w

Northwest
England, 1995–
1999 (303)§
Scotland, 1998–
1999 (304)║
Scotland, 1998–
1999, 2003–2004
(94)¶
Northern United
Kingdom, 2003–
2008 (243)#

459

England, 2007–
2008 (98)

216
212 liveborn
359
355 liveborn
>23 w
748
730 liveborn
>20 w

793
>23 w

Preterm
(<37 Weeks
Gestation)

NUMBER OF CASES (PERCENT)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
Shoulder
Dystocia
Cesarean
(Percent of
Neonatal
Perinatal
Section
Vaginal Births)
Stillborn
Death*
Mortality*

162 (28.8)

348 (61.8)

12/215 (5.6)

8 (1.42)

172 (19.0)
vs. (8.4)
adjOR 2.9
(2.4–3.5)

466 (51.6)
vs. (27.6)
adjOR 2.7
(2.3–3.1)

25 (5.7)‡
adjOR 2.5
(1.6–3.9)

10 (1.1)
vs. (0.6)
adjOR 2.3
(1.1–4.1)
14 (3.0)
vs. (0.51)
p<0.001
4 (1.85)

127 (35.4)

238 (66.3)

278 (37.2)

7 (1.5)
vs. (0.68)
p=0.05
2 (0.94)

4 (1.1)

3 in first week
of life

18 (2.41)

5 (0.68)

12 (1.5)

6 (0.77)

21 (4.6)
vs. (0.85)
p<0.001
6 (2.78)

Late Infant
Death*

1 (0.47)

23 (3.07)

<28 w: 7 (0.94)
<34 w: 71 (9.5)
240 (29.8)**

497 (62.7)

Table 5.20 continues on the next page.
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TABLE 5.20. (continued)

REGION, YEARS
(REF.)
East Anglia,
England, 2006–
2009 (107)††
Dublin, Ireland,
1995–2006
(229)‡‡
West Ireland,
2007–2013
(108)§§
Netherlands,
1999–2000
(100)║║
Denmark, 1993–
1999 (93)¶¶

Italy, 1999–2003
(95)##
Sweden, 1991–
2003 (276)***

Sweden, 1998–
2007 (307)†††

TOTAL NUMBER
Preterm
OF BIRTHS,
(<37 Weeks
GESTATIONAL
Gestation)
AGE OR WEIGHT
323
120/322 (37.2)
>23 w

NUMBER OF CASES (PERCENT)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)
Shoulder
Dystocia
Cesarean
(Percent of
Neonatal
Perinatal
Section
Vaginal Births)
Stillborn
Death*
Mortality*
205 (63.5)

5 (1.55)

3/318 (0.94)

13 (2.54)

4 in first week
of life

6 (3.1)
vs. (0.4)
p=0.027
6 (1.9)

0

511
>500 g

65 (12.7)

236 (46.2)

191
>23 w

60 (31.4)
vs. (5.4)
p=0.001
101 (32.2)
RR 4.5
(3.8–5.3)

127 (66.5)
vs. (31.1)

5/64 (7.8)

139 (44.3)
RR 3.7
(3.2–4.2)

25/175 (14.3)

507 (41.7)
vs. (6.0)
RR 7.0
(6.3–7.6)
176 (37.5)

680 (55.9)
vs. (12.6)
RR 4.4
(4.1–4.8)
342 (72.9)

7/127 (5.5)

1,069 (21.0)
vs. (5.1)
adjOR 4.9
(4.5–5.3)

2,341 (46.0)
vs. (12.0)
adjOR 5.3
(5.0–5.7)

(13.7)
vs. (0.2)
adjOR 11.1
(8.2–14.9)

2,004 female

434 (21.7)
vs. (4.7)

992 (49.5)
vs. (14.7)

2,088 male

482 (23.1)
vs. (5.2)

1,096 (52.5)
vs. (15.9)

M > F (NS)

M > F (NS)

98 (27.7)
vs. (7.4)
OR 4.8
(3.8–6.1)
316/1,199
(26.4)
vs. (6.8)
adjOR 5.0
(4.4–5.7)

184 (52.0)
vs. (18.5)
OR 4.6
(3.7–5.7)
498 (38.1)
vs. (7.4)

314 pregnancies
324 infants
318 liveborn
>23 w or >500 g
1,215 pregnancies
1,243 infants
1,217 liveborn
>23 w
469
464 liveborn
>180 days
5,089
5,020 liveborn

Late Infant
Death*

6 (3.1)

3 in first week
of life

26 (2.1)
vs. (0.45)
RR 4.7
(3.2–7.0)
5 (1.1)
>26 w

12 in first week
of life

≥28 w:
69 (1.36)
vs. (0.3)
adjOR 3.3
(2.5–4.6)
≥28 w: N and
denominator
uncertain

(0.7)
vs. (0.2)
adjOR 2.7
(1.7–4.2)

38 (3.1)
vs. (0.75)
RR 4.1
(2.9–5.6)

1 (0.22)

6 (0.3)†††
vs. (0.03)

22 (1.1)†††
vs. (0.4)

14 (0.7)†††
vs. (0.2)

2 (0.1)
vs. (0.05)

25 (1.2)
vs. (0.4)

8 (0.4)
vs. (0.2)

different
denominators?
11 (3.05)
vs. (0.73)
OR 4.28
(2.22–8.01)
32 (2.4)
vs. (0.86)
adjOR 3.1
(2.2–4.4)

F > M (NS)

infants ≥22 w

Flanders, Belgium,
2002–2004
(305)‡‡‡
Norway, 1985–
2004 (278)§§§

Argentina, Canada,
Europe, Israel,
2013 (306)║║║
Japan, 2003–2009
(113)¶¶¶

354 pregnancies
361 infants
352 liveborn
>23 w
1,307
1,280 liveborn
≥22 w or ≥500 g

257
>22 w

63 (24.5)

330
328 liveborn
>19 w

55 (16.7)

9 (2.5)
vs. (0.5)
OR 5.0
(2.4–10.0)
27 (2.1)
vs. (0.58)
adjOR 3.8
(2.6–5.6)

2 (0.78)

103 (31.2)
80 primary
23 repeat

5/227
(2.2)

2 (0.61)

2 (0.57)
vs. (0.22)
OR 2.6
6 (0.47)
vs. (0.34)
adjOR 1.5
(0.7–3.3)

2 (0.57)
vs. (0.22)
OR 2.5
7 (0.55)
vs. (0.20)
RR 2.75

5 of the deaths
were early
1 in first week
of life
2 (0.61) in first
week of life

5 (1.52)

Table includes prospective population-based and multicenter studies reported in 2000–2014. AdjOR, adjusted odds ratio versus background population; BMI, body mass index;
CI, confidence interval; ICD-9/10, International Classification of Diseases, Ninth/Tenth Revision; IDM, infant of diabetic mother; NS, not significant; OR, odds ratio; PNM, perinatal
mortality (definition varies per study); RR, relative risk (95% CI, significant) versus background population; w, weeks gestation.
*
Unless otherwise defined in a footnote: neonatal death is defined as the number and percentage of liveborn infants dying at 1–28 days after birth; PNM is defined as the
combination of stillbirths and neonatal death in births ≥20 w; late infant death is defined as liveborn infants dying at 29 days to 1 year of life.
† Retrospective cohort study based on all deliveries in California using birth certificates, death certificates, and hospital discharge data from the Department of Health; diagnoses based on ICD-9 codes
‡ Data source from the 2005–2006 fiscal year of the Ontario Niday Perinatal Database, a branch of the provincial Perinatal Surveillance System. Web-based data entry
by 72 participating hospitals; diagnoses extracted by codes unique to the database, which included 873 singleton and 31 multiple gestations, and pregnancies with preexisting hypertension and nephropathy. Apparently, the rate of stillborn infants is based on the first of x infants from the multiple births, if any were stillborn. Excess risks
of outcomes calculated by unconditional logistic regressions, using 115,996 pregnancies without maternal complications, including gestational diabetes, as controls; odds
ratios were adjusted for maternal age, region of residence, smoking, parity, multiple birth, use of assisted reproductive technology, attendance at a first trimester visit, and

Table 5.20 continues on the next page.
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TABLE 5.20. (continued)
type of antenatal provider. Shoulder dystocia rate is 25/438 vaginal deliveries; adjusted odds ratio for shoulder dystocia compares rates per total deliveries between type 1
diabetes and control populations.
§ Study cohort drawn from 10 maternity units in Cheshire, Lancashire, and Merseyside, England; diabetes database excludes 72 miscarriages and 16 terminations of pregnancy, but includes six twin gestations (all livebirths); study findings compared with regional background population data on all pregnancies published by the Office for
National Statistics for the same time period. Gestational age limits for miscarriage and stillbirth undefined.
║ A 1-year prospective audit of all pregnancies of women with type 1 diabetes prior to pregnancy, in Scotland’s 22 consultant-led maternity units (including assessment during
first year of infant life). Original data set of 273 pregnancies included 40 miscarriages and 20 induced abortions (seven due to congenital anomalies); the 213 pregnancies
progressing to delivery of liveborn or stillborn infants included 210 singleton births and three twin births for 216 total infants.
¶ Results of two national audit periods of all pregnancies in women with preconception type 1 diabetes in Scotland. Women registered at first contact in pregnancy; data form
sent to study center after conclusion of pregnancy. N for births excludes 54 miscarriages, two ectopic pregnancies, one molar pregnancy, (early loss rate 13.5%), 15 induced
abortions, four twin gestations, and 10 pregnancies in the same woman. Gestational age limits for miscarriage and stillbirth undefined.
# Multicenter analysis (25 antenatal metabolic clinics across Northern Ireland, Scotland, and northwest England), at 8–22 w, women with type 1 diabetes preceding pregnancy
were enrolled in randomized controlled trial of vitamins C and E (no effect on preeclampsia); excludes eight miscarriages and six pregnancy terminations.
** Denominator includes both singleton and twin births (n=812).
†† All singleton pregnancies with type 1 diabetes diagnosed at least 12 months before pregnancy were enrolled at first antenatal visit at one of 10 regional maternity units
participating in the East Anglia Diabetes and Pregnancy Study Group. Standardized data collection completed within 3 months of end of pregnancy. Miscarriage (n=53) or
pregnancy termination (n=21) defined as <24 w (both excluded from N births). Denominator for preterm delivery is number with gestational age information. Of 205 cesarean
deliveries, 109 were “emergency,” and 96 were “planned.”
‡‡ Retrospective multicenter study at three hospitals with diabetes and pregnancy units in Dublin, Ireland.
§§ Case control study (data recorded electronically and prospectively) among five multidisciplinary diabetes and pregnancy units at maternity centers in the Irish Atlantic
Seaboard. Type 1 diabetes at least 6 months prior to pregnancy. Miscarriage defined as pregnancy loss before 24 w. Singleton pregnancies. Controls were selected from a
group of >12,000 women screened negative for gestational diabetes, group-matched for maternal age, BMI, parity, and ethnic group to the group with type 1 diabetes, using
cosine similarity matching with a customized nearest neighbor selection without replacement (447 matched controls for type 1 diabetes). N of cesarean sections provided by
personal communication with author Lisa Owens.
║║ Data obtained by repeated questionnaires throughout pregnancy from all 118 Dutch hospitals having women with type 1 diabetes in antenatal care during April 1999
through March 2000, reported to the study coordinator. Excluded 23 women due to early spontaneous abortion, 16 due to diagnosis of type 2 diabetes, four terminations
of pregnancy due to anomalies, four cases of late fetal loss <24 w, one maternal death at 17 w, and two lost to follow-up. Included fetuses of ≥24 w or ≥500 g; including
eight twin pregnancies (one set terminated at 24 w for severe preeclampsia, counts as two stillbirths) and one triplet pregnancy, for 324 infants. Perinatal mortality defined
here as intrauterine death at ≥24 w and death during the first 7 days of life. Compared outcomes with those in 196,981 pregnancies from the national 1998 Dutch Perinatal
Database and with data from Statistics Netherlands for calculation of crude risk ratios (95% CI).
¶¶ During 1993–1999, all pregnancies with pregestational type 1 diabetes were prospectively reported to a central registry in the Danish Diabetes Association. Database
included three terminations of pregnancy for congenital malformations <24 w and 28 twin gestations. Perinatal mortality defined as intrauterine deaths at ≥24 w and death
during the first 7 days of life. Data on the background population based on 70,089 deliveries recorded by the Danish Health Board in 1995 were used for calculating crude
risk ratios (95% CI). Perinatal mortality includes stillbirths >24 w; neonatal deaths within first week of life.
## Italian maternity centers (n=33) participated in this prospective study as part of the Italian Diabetes and Pregnancy Study Group; all pregnant women with type 1 diabetes
recruited; data entered into the European Quality Indicators and Data Collection Aggregated Database; 30 spontaneous abortions and five terminations of pregnancy <180
days gestation excluded. Stillbirth defined as ≥180 days gestation (~26 w). Neonatal death defined as before 28 days of life. Therefore, PNM rate is unique to this study and
not given here.
*** Data from the Swedish Medical Birth Registry for 1991–2003, gestational age for inclusion of the 5,089 type 1 diabetic pregnancies is uncertain; diagnoses based on ICD-10
codes; number of multiple births uncertain; stillbirth defined as 28 w, so rate of fetal loss between 20 and 27 w is unknown; N=69 for stillbirth ≥28 w given in the text, and 58
occurred between 34 and 40 w; overall neonatal death within first 28 days of life; PNM defined as the combined rate of stillbirth ≥28 w and mortality within the first week of
life in the article, so it is unique to this article and not presented in this table. The denominator for shoulder dystocia is uncertain: total births or vaginal deliveries, so calculation of N for shoulder dystocia is uncertain. Text gives the frequencies only, for diabetic and control women, and the effect size. Note: there are misprints in the authors’ Table
3 in the publication. Perinatal mortality is printed as 20% in type 1 diabetes women and 4.8% in controls, but the text says “Perinatal mortality in type 1 diabetic pregnancies
has decreased from 3.1% in 1982–1985 to 2.0% in the present study” (page 2008 of the article). Similarly, there is a misprint of 7.0% for neonatal deaths at 0–28 days in
IDM and 2.2% in controls; the authors of this chapter believe the actual rates are 0.7% and 0.22%, respectively, values that are concordant with other published studies in the
same time period. The denominator for neonatal deaths is uncertain: total births or liveborn infants. Therefore, the calculated N for neonatal deaths is uncertain. Controls
were 954,292 mothers without type 1 diabetes in multivariate analyses for association of diabetes with outcomes by logistic regression, adjusted for maternal age, BMI,
parity, chronic hypertension, smoking, and ethnicity. This study was not excluded from this review because it is the largest population-based survey of type 1 diabetic pregnancy published in 2000–2015.
††† Data from the Swedish Medical Birth Registry for 1998–2007, with inclusion of all singleton births ≥22 w; diagnoses based on ICD-10 codes and provided to registry on
standardized forms at discharge from hospital after birth. Gestational age confirmed by ultrasound by midpregnancy. Divided analysis between female and male infants.
“Information on live births includes all infants born after 22 completed weeks of gestation.” Stillbirth defined as ≥28 w (so number of fetal losses between 22 and 28 w is
unknown), and PNM as stillbirths plus neonatal deaths within first week of life (unique to this study). Authors’ text and Table 2 ignore neonatal death in first week of life, and
they present data on late neonatal death (8–28 days of life) and infant death within first year of life (methods unclear on follow-up of infants). We cannot separate neonatal
deaths within 7 and 28 days of life, so we cannot calculate number of stillbirths from the PNM rate as presented in authors’ Table 2. Denominators for neonatal and late
infant deaths uncertain, as we cannot calculate number of liveborn infants. Comparisons made to 439,525 singleton births of female infants and 466,040 male infants born
to mothers without diabetes with the chi-square test and Fisher’s exact test.
‡‡‡ Retrospective analysis of the database of the Flanders Study Center for Perinatal Epidemiology. Diagnosis of type 1 diabetes as given by the treating physician. Included
seven sets of twins. Authors present different numbers of preterm births in Table 2 (98 pregnancies) versus detailed Table 3, in which denominator seems to be delivered
infants (including twins) (<37 w, 105/361 infants, 29.1%: <28 w, 5 infants, 1.4%; 28–33 w, 24 infants, 6.6%; 34–36 w, 76 infants, 21.1%); Early neonatal death defined as
within 28 days of life, so late neonatal death stated by authors must be >28 days. 180,842 control infants used for crude odds ratio (95% CI) assessment.
§§§ All births in Norway 1985–2004 recorded in Medical Birth Register, linked with Norwegian Childhood Diabetes Registry to “ensure a valid diagnosis of type 1 diabetes,”
to Cause of Death Registry for data on infant deaths, and to Statistics Norway for information on maternal education and immigrant status. The study population from the
Childhood Diabetes Registry includes approximately 33% of all births by women with type 1 diabetes in Norway during the study period. Births included if postmenstrual or
ultrasound gestational age was ≥22 w, or birth weight ≥500 g. Multiple births uncertain. Neonatal death defined as within first 28 days of life, but perinatal mortality based
on stillbirths plus deaths within first 7 days of life. Authors stated infant deaths as within first year of life, so 13 minus six neonatal deaths yields seven later deaths, but extent
of follow-up to 1 year of life is uncertain. Controls were 1,161,092 births to mothers without type 1 diabetes; used in logistic regression in SPSS to estimate odds ratios with
95% confidence intervals, adjusted for maternal age, parity, educational level, ethnic origin, marital status, sex of infant, and year of delivery.
║║║Multicenter analysis, enrolled in randomized controlled trial of types of insulin, excludes congenital malformations and early fetal losses.
¶¶¶ Retrospective analysis of prospective data from 40 hospitals throughout Japan. Additional information provided by Dr. Takashi Sugiyama as personal communication to JLK.
Denominator of births different than in published paper due to our exclusion of early fetal deaths (pregnancy losses) at 10–19 w (39 for type 1 diabetes, so 330 births >19 w
and 328 liveborn infants). Shoulder dystocia is defined here clinically, with reference to the specific maneuvers used to release the fetal shoulders. PNM is defined here as
stillbirths plus neonatal deaths in the first week of life.
SOURCE: References are listed within the table.
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needing inclusion in multivariable analyses
for risks of stillbirth in women with preexisting diabetes include race/ethnicity,
maternal age, prepregnancy BMI ≥30
kg/m2, weight loss, chronic hypertension,
smoking, and alcohol use (297,298,299).

(310). In a cohort study from New Zealand,
>75% of pregnancy losses in women with
type 1 diabetes were due to congenital
anomalies, whereas >75% of losses in
women with type 2 diabetes were due to
stillbirth (311).

In eight surveys among women with
type 2 diabetes, with data reported
since 2000, the frequencies of
stillbirth were 0.39%–2.1%, with
acknowledged variation in the gestational age definition for live or stillbirths
(95,98,107,108,113,114,210,309) (Table
5.21). In an analysis of 2,069 births to
women with type 2 diabetes in California
in 2002–2004, the rate of stillbirth was
4.2% if gestational weight gain was less
than Institute of Medicine 2009 guidelines
for BMI group, 1.7% if within guidelines,
and 1.1% if above the guidelines (p<0.001)
(308). However, with multivariable analysis
to control for possible confounders,
weight gain below or above guidelines
did not significantly affect risk of stillbirth
(308).

Timing of Stillbirth With Preexisting
Diabetes
In a population of >1.1 million deliveries
from Norway in 1985–2004 (278), the
adjusted odds ratio for stillbirth ≥22
weeks gestation in type 1 diabetes
(n=1,307; 27 stillbirths; frequency 2.7%)
compared to the background population
was 3.8 (95% CI 2.6–5.6). The excess
risk persisted in 1999–2004 (278). The
adjusted odds ratio was 4.0 (95% CI
2.1–7.5) for births at ≥37 weeks gestation
among deliveries with stated gestational
age (adjusted OR 5.8, 95% CI 3.1–10.9,
without adjustment for gestational age).
However, the excess risk for preterm
diabetic stillbirths was not significant
(adjusted OR 1.1, 95% CI 0.6–2.0) (278).
In other studies of preexisting diabetes
mellitus that stratified by gestational age
in the United Kingdom (211,283), spontaneous fetal demise at 20–25 weeks
gestation represented 18%–50% of the
total stillbirths in women with preexisting
type 1 or type 2 diabetes, and 18%–22%
of stillbirths occurred at 24–27 weeks
compared to 34%–56% at 34–41 weeks
(211,283). The rate of fetal loss at 20–23
weeks gestation rises considerably if pregnancy terminations for major congenital
anomalies are included (283).

Within a large U.S. medical insurance
claims database of inpatient, outpatient,
and pharmacy benefits adjudicated or
paid in 2005–2011, there were 783 pregnancies complicated by type 1 diabetes
that did not end in miscarriage compared
to 6,665 with type 2 diabetes (54). The
frequency of stillbirth was only 0.4% in
women with type 1 diabetes (RR 1.47, 95%
CI 0.55–3.92 vs. controls) compared to
0.75% in women coded as type 2 diabetes
(RR 2.51, 95% CI 1.94–3.26 vs. controls)
(54). Cohort studies from Denmark
suggested higher perinatal mortality
in pregnancies complicated by type 2
diabetes compared to type 1 diabetes
(111), whereas studies from the United
Kingdom suggest similar risk of fetal death
in type 2 diabetes compared to type 1
diabetes (112,211,302).
A nested case-control study using the
GPRD in 1987–1997 reported stillbirth
rates of 3.37% in 593 women with pre
existing diabetes in pregnancy compared
to 0.55% in 12,727 nondiabetic controls

Surveys of stillbirths related to gestational age at occurrence in large general
populations show a U-shaped curve in the
percentage of stillbirths, with and without
diabetes, with elevated proportions at
20–23 weeks and again rising at approximately 34 weeks (297,300,312,313).
However, since the proportion of total
deliveries increases with advancing
gestational age, the absolute rate of
fetal death goes down with gestational
age, while the relative risk of stillbirth
with diabetes compared to nondiabetic
populations remains elevated at all

gestational age groupings in most studies
(211,278,302,312,314,315).

Causes of Fetal Demise With
Preexisting Diabetes
In later pregnancy, increasing A1c
values are associated with increased
risk of fetal loss, as also predicted by
periconception A1c levels (211,306,316).
Maternal-fetal hyperglycemia is associated with fetal hypoxemia and acidosis
(40). Major congenital anomalies are
linked to fetal deaths in pregnancies with
preexisting diabetes (302,317). Most
studies of stillbirth in the general population focus on nonanomalous fetuses.
Comorbidities associated with stillbirth
in maternal diabetes include maternal
ketoacidosis, fetal growth restriction with
or without maternal vascular disease,
hypertension, preeclampsia, placental
abruption, and possibly fetal macrosomia (100,211,248,302,314,318,319).
Confounders include maternal age,
obesity, race/ethnicity, education level,
previous early or late pregnancy loss,
smoking, and substandard antenatal care
(297,299,301,313,318). A large population-based cohort study of pregestational
diabetes (4,092 type 1 diabetes, 412
type 2 diabetes) in Sweden in 1998–2007
found that male infants were not more
likely to suffer fetal demise than female
infants with either type of maternal
diabetes (307).
Diabetes has been noted as a significant
risk factor in both placental and nonplacental causes of death and with and
without fetal growth restriction (320). In
one U.S. case-control study of stillbirth
and known risk factors, diabetes and
hypertension did not totally explain the
association of obesity with stillbirth (299).
In a population-based case-control study
by the Stillbirth Collaborative Research
Group in the United States, the increased
risk for stillbirth associated with diabetes
(adjusted OR 2.58, 95% CI 1.43–4.67)
persisted after adjustment for significant
life events and across family characteristic
groups (321).
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TABLE 5.21. Birth Outcomes in Women With Type 2 Diabetes Diagnosed Before Pregnancy, Population-Based or Multicenter Studies,
1990–2013
NUMBER OF CASES (PERCENT)
VERSUS (PERCENT IN CONTROLS) AND EFFECT SIZE (95% CI)

REGION, YEARS
(REF.)

TOTAL NUMBER
OF BIRTHS,
GESTATIONAL
AGE

California, 2006
(114)†
Ontario, Canada,
2005–2006 (210)‡

2,224
>19 w
516
>19 w

West Midlands,
England, 1990–
2002 (309)§
East Anglia,
England, 2006–
2009 (107)║
England, 2007–
2008 (98)¶
West Ireland,
2007–2013 (108)#

163 singleton
births >23 w;
161 liveborn
220
>23 w

Italy, 1999–2003
(95)**
Sweden, 1998–
2007 (307)††

144
>180 days
208 female

543
>23 w
99
>23 w

204 male

Japan, 2003–2009
(113)‡‡

≥22 w
510
>19 w

Cesarean
Section

Shoulder
Dystocia
(Percent of
Vaginal Births)

Stillborn

414 (18.6)

1,276 (57.4)

38/948 (4.0)

27 (1.2)

72 (14.0)
vs. (8.4)
adjOR 1.85
(1.38–2.49)
44 (27.0)

196 (38.0)
vs. (27.6)
adjOR 1.60
(1.31–1.94)
95 (58.3)

6/320 (1.9)

38/217 (17.5)

Preterm
(<37 Weeks
Gestation)

Neonatal
Death*

Perinatal
Mortality*

Late Infant
Death*

3 (1.9)§
vs. (0.53)
p=0.21
0

5 (3.1)

2 (1.2)
vs. (0.22)
p=0.24

113 (51.4)

3 (0.58)
vs. (0.6)
adjOR 0.42
(0.02–1.88)
2 (1.2)
vs. (0.6)
p=0.47
2 (0.90)

93 (17.1)

306 (56.4)

11 (2.1)

4/532 (0.75)

24 (24.2)
vs. (8.5)
p=0.001
48 (33.6)

57 (57.6)

1/42 (2.4)

2 (2.02)

0

100 (69.3)

2/44 (4.5)

3 (2.1)

3/141 (2.1)

56 (26.9)
vs. (4.7)

84 (40.4)
vs. (14.7)

0††

2 (1.0)††
vs. (0.4)

0††
vs. (0.2)

55 (27.0)
vs. (5.2)

86 (42.2)
vs. (15.9)

1††

3 (1.5)††
vs. (0.4)

2 (1.0)††
vs. (0.2)

102 (20.0)

202 (39.6)

3 (0.59) in first
week of life

5 (0.98)

15/308 (4.9)

2 (0.39)

2 (2.02)

Table includes prospective population-based and multicenter studies reported in 2000–2014. AdjOR, adjusted odds ratio (significant 95% CI) versus background population; CI,
confidence interval; PNM, perinatal mortality, varied definitions according to study; w, weeks gestation.
* Unless otherwise defined in a footnote: neonatal death is defined as the number and percentage of liveborn infants dying at 1–28 days after birth; PNM is defined as the
combination of stillbirths and neonatal death in births ≥20 w; late infant death is defined as liveborn infants dying at 29 days to 1 year of life.
† Retrospective cohort study based on all deliveries in California using birth certificates, death certificates, and hospital discharge data from the Department of Health; diagnoses based on ICD-9 codes.
‡ Data source from the 2005–2006 fiscal year of the Ontario Niday Perinatal Database, a branch of the provincial Perinatal Surveillance System. Web-based data entry by 72
participating hospitals; diagnoses extracted by codes unique to the database, which included 500 singleton and 16 multiple gestations, and pregnancies with preexisting
hypertension and nephropathy. Apparently, the stillborn outcomes were calculated based on the first of x infants of the multiple births. Excess risks of outcomes calculated
by unconditional logistic regressions, using 115,996 pregnancies without maternal complications, including gestational diabetes, as controls; odds ratios were adjusted for
maternal age, region of residence, smoking, parity, multiple birth, use of assisted reproductive technology, attendance at a first trimester visit, and type of antenatal provider.
§ Retrospective multicenter study of five maternity units; data transferred to central database; subjects were 55% Indo-Asian, 26% Caucasian, and 19% Afro-Caribbean; 16
miscarriages and three terminations of pregnancy were excluded; of the 95 cesarean deliveries, 54 were emergency (21 during induction of labor), and 41 were elective. Text
says two early (first week) and one late (8–28 days) neonatal death, plus two postnatal infant deaths. Discrepancy noted between table 1 versus table 2 on the number of
neonatal deaths; two of three neonatal deaths and both late infant deaths were due to congenital anomalies; their PNM rate has different denominator and is undefined, so not
compared with reference population. Mortality comparisons were made with regional data published by the Office of National Statistics using z-scores.
║ All singleton pregnancies with type 2 diabetes diagnosed at least 12 months before pregnancy were enrolled at first antenatal visit at one of 10 regional maternity units participating in the East Anglia Diabetes and Pregnancy Study Group. Standardized data collection completed within 3 months of end of pregnancy. Miscarriage (n=46) or pregnancy
termination (n=4) defined as <24 w (both excluded from N births). Denominator for preterm delivery is number with gestational age information. Of 113 cesarean deliveries,
58 were “emergency,” and 55 were “planned.”
¶ Combined data from three regional U.K. pregnancy audits to yield 556 women with type 2 diabetes for analysis; 543 pregnancies with data >23 w.
# Retrospective case-control study using regional electronic database with prospective data collection; five maternity units on the Irish Atlantic seaboard; comparison with
matched controls by chi-square analysis; controls were selected from >12,000 women with normal glucose tolerance; cosine similarity matching for age, BMI, ethnic group,
and parity with a customized nearest neighbors selection without replacement (213 matched controls for type 2 diabetes).
** Italian maternity centers (n=33) participated in this prospective study as part of the Italian Diabetes and Pregnancy Study Group; all pregnant women with type 2 diabetes recruited;
data entered into the European Quality Indicators and Data Collection Aggregated Database; 17 spontaneous abortions and three terminations of pregnancy <180 days gestation
excluded. Stillbirth defined as ≥180 days gestation (~26 w). Neonatal death defined as before 28 days of life. Therefore, PNM rate is unique to this study and not given here.
†† Data from the Swedish Medical Birth Registry for 1998–2007, with inclusion of all singleton births ≥22 w; diagnoses were based on ICD-10 codes and provided to the registry
on standardized forms at discharge from hospital after birth. Gestational age was confirmed by ultrasound by mid-pregnancy. Divided analysis between female and male
infants. “Information on live births includes all infants born after 22 completed weeks of gestation.” Stillbirth defined as ≥28 w, so number of fetal deaths between 22 and
27 w inclusive is unknown. Authors’ text and table 2 ignore neonatal death in first week of life (they include those deaths in their definition of PNM), and they present data on
late neonatal death (8–28 days of life) and infant death within the first year of life (methods unclear on follow-up of infants). The authors of this chapter cannot discriminate
between unknown number of stillbirths and early neonatal deaths to make up two perinatal deaths in females and three in males by their definitions. Comparisons were made
to 439,525 singleton births of female infants and 466,040 male infants born to mothers without diabetes with the chi-square test and Fisher’s exact test.
‡‡ Retrospective analysis of prospective data collected from 40 hospitals throughout Japan. Additional information provided by Dr. Takashi Sugiyama as personal communication
to JLK. Denominator of births is different than in published paper due to exclusion of early fetal deaths (pregnancy losses) at 10–19 w (69 for type 2 diabetes, so 510 births
>19 w and 508 liveborn infants). Of the 202 cesarean deliveries, 165 were primary and 37 were repeat. Authors’ PNM definition is stillbirths ≥20 w (n=2) plus neonatal deaths
(n=3) in first week of life.
SOURCE: References are listed within the table.
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COMPLICATIONS OF DELIVERY
PRETERM DELIVERY
Preterm delivery at <37 completed
weeks gestation is a major determinant
of infant mortality, morbidity, and longterm development of the child. Early
preterm birth is before 32 weeks gestation
(13). In a large U.S. multicenter clinical
trial of low-dose aspirin use starting at
12–26 weeks gestation, 461 women with
preexisting diabetes more frequently
delivered preterm compared to 2,738
women without diabetes (38% vs. 14% at
<37 weeks; 16.3% vs. 6.1% at <35 weeks)
(248,322). Both medically indicated
or planned preterm delivery (21.9% vs.
3.4% at <37 weeks; 7.4% vs. 1.6% at <35
weeks) and spontaneous preterm delivery
(16.1% vs. 10.5% at <37 weeks; 8.9% vs.
4.5% at <35 weeks) were more common
in diabetic women. The most common
reason for indicated preterm delivery with
diabetes was preeclampsia (38%). Smallfor-gestational age (SGA) babies were also
common in indicated preterm deliveries in
the diabetic women. Aspirin had no effect
on these outcomes (248,322). So-called
“late preterm” deliveries at 34–36 weeks
continue to be a clinically significant
problem in the United States (323), and
this is exacerbated with maternal diabetes.
Population-based surveys since 2000
of pregnant women with unclassified
preexisting diabetes in North America
reported rates of delivery <37 weeks
gestation to be 14.2%–27.7% of births
(115,203,208,213,214,249), with
one outlier at 37.9% in the 1990s
(248) (Table 5.19). The same variation occurred in international studies
(88,92,211,221,227,302,318) (Table 5.19)
and in both U.S. and international studies
for type 1 diabetes (93,94,95,98,100,
107,108,113,114,210,229,243,276,278,
305,306,307) (Table 5.20) and type 2
diabetes (95,98,107,108,113,114,210,
307,309) (Table 5.21). Despite this wide
distribution of the frequency of preterm
delivery among the population-based or
multicenter studies of birth outcomes in
diabetic women, the rates were considerably higher than in control populations
in the seven studies with comparative
data for unclassified preexisting diabetes

(115,203,211,221,227,249,318) (Table
5.19) and for such studies of pregnant
women with type 1 or type 2 diabetes
(93,108,210,276,278,305,307) (Tables
5.20 and 5.21). The methodology of the
studies is given in the footnotes.
Rates of preterm delivery were lower
for type 2 diabetes (Table 5.21) than
type 1 diabetes (Table 5.20) in studies
in England (98,107), West Ireland (108)
and Ontario, Canada (210), but not in
California (114), Italy (95), or Sweden
(307). In type 1 diabetes (Table 5.20) and
in studies that did not distinguish between
types of preexisting diabetes (Table 5.19),
rates of preterm delivery were lower in
data collected in 2001–2011 than in
the 1990s but were still well in excess of
controls (methods of comparison given in
footnotes to the tables). The lower rates
may be due to improved control of blood
glucose and blood pressure and less
apprehension about carrying diabetic
pregnancies to full term.
Several studies categorized preterm
delivery into gestational age groups in
women with preexisting diabetes in pregnancy. Rates of very preterm delivery <28
weeks gestation ranged from 0.7% to 2.4%
in four surveys (208,211,243,302). Using
a cutoff of <32 weeks gestation, preterm
delivery rates of 2.3% (276), 2.7% (227),
2.8% (208), 3.4% (278), 4.8% (226), and
4.8% (92) were observed; still significantly
higher than reference populations. In a
California statewide survey, the rates of
preterm delivery at <32 weeks were 3.1%
in pregestational diabetes without chronic
hypertension and 10.1% with diabetes
and chronic hypertension compared to
1.6% in nondiabetic, nonhypertensive
controls (p<0.001) (203). In a new analysis
for Diabetes in America, the distribution
of gestational age at birth in liveborn
infants of 17,784 mothers with preexisting
diabetes is shown in Table 5.22 using data
from the NVSS 2009. NVSS comprised
data from 28 states, New York City, and
the District of Columbia using the 2003
revision of the birth certificate (12). In this
analysis, 24.7% of births were preterm,

4.24% were <32 weeks gestation, and
1.54% were <28 weeks.
Indications for preterm delivery in
women with preexisting diabetes include
preeclampsia and fetal testing suggesting
stress, which are more common among
diabetic women, although these outcomes
do not explain the higher spontaneous
preterm labor and delivery rates. These
findings were consistent with older
analyses of population-based birth
certificate data (324). Some population
surveys divided preterm delivery rates into
indicated versus spontaneous in women
with pregestational diabetes and controls.
Of these, indicated preterm delivery was
recorded in 5.0% of births to women
with preexisting diabetes versus 1.6% in
controls in Alberta, Canada (adjusted
OR 3.8, 95% CI 3.2–4.6) (214); in 7.9%
versus 1.5% in Utah (p<0.0001) (115);
and in 15.4% versus 2.2% in Norway (OR
2.9, 95% CI 2.3–3.7) (278). Spontaneous
preterm delivery was recorded in 10.5% of
births to women with preexisting diabetes
versus 5.1% in controls in Utah (p<0.0001)
(115), in 10.9% versus 4.6% in Norway (no
statistical test) (278), and in 18.5% versus
5.5% in Alberta (adjusted OR 4.2, 95% CI
3.8–4.7) (214).
Preterm birth in diabetic women is sometimes associated with polyhydramnios or
TABLE 5.22. Distribution of Gestational
Age at Birth in Liveborn Infants of 17,784
Mothers With Preexisting Diabetes Mellitus
in Pregnancy, U.S., 2009
GESTATIONAL AGE
(WEEKS)
<20
20–27
28–31
32–33
34–36
37–38
39
40
41
≥42

PERCENT
0.04
1.5
2.7
3.4
17.1
36.5
21.2
9.4
4.0
4.1

Data include 28 states, Washington, DC, and New York
City using the 2003 revised birth certificate.
SOURCE: National Vital Statistics System 2009
(Reference 12)
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preterm premature rupture of membranes
(325), but these data are not often
recorded in more recent surveys. Only
one multicenter study reported preterm
premature rupture of membranes: 7.2%
in 749 women with type 1 diabetes, as
well as 7.5% polyhydramnios and 37.2%
preterm delivery (243). Polyhydramnios
was reported since 2000 in three other
multicenter studies (108,309) or population surveys (115) of pregnant women
with preexisting diabetes. Frequencies
of 2.0% were found in women with
pregestational diabetes in the previous
and current pregnancy in Utah (vs.
0.53% of nondiabetic women, p<0.0001)
(115) and 11.5% for type 1 diabetes (vs.
1.8% of matched controls) and 7.1% for
type 2 diabetes (vs. 5.6% of matched
controls) in births >23 weeks gestation
in the Irish Atlantic seaboard (108). A1c
values throughout pregnancy were
significantly higher in type 1 diabetic
women with polyhydramnios than in
type 2 diabetic women with the condition
(p=0.01) (108). Polyhydramnios defined
as a maximum pool depth of 10 cm
by ultrasound occurred in 9.3% of 182
women with type 2 diabetes compared
to 3% of nondiabetic women in the West
Midlands of England in 1990–2002 (309).
Polyhydramnios was not examined in
reference to preterm birth in this study,
and fetal macrosomia was not associated
with polyhydramnios. However, an infant
death was more likely to occur in type
2 diabetic women with polyhydramnios
compared to those without (17.6% vs.
2.7%, p<0.01) (309).
Improved glycemic control of women
with preexisting diabetes may decrease
the indicated and spontaneous preterm
birth rates, since early and midpregnancy
A1c levels predict increase in risk of spontaneous and indicated preterm delivery
(262,283,284,306,316). Male fetal
sex was not a significant risk factor for
preterm birth in pregnancies complicated
by either type 1 diabetes, type 2 diabetes,
or gestational diabetes in a large survey
in Sweden in 1998–2007, in contrast
to significant male bias in births at <32
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weeks and at 32–36 weeks gestation in
the reference population (307).

CESAREAN DELIVERIES
Whether elective cesarean section should
be performed in diabetic and other
women to minimize the chance of birth
trauma remains a burning question (326).
In a new analysis conducted for Diabetes
in America, using NVSS data from 2009
(12), the prevalence of cesarean sections
was 56.5% among women with preexisting
diabetes, and the rate of instrumental
vaginal delivery was low, at 3.0% of the
total or 6.9% of vaginal deliveries (Table
5.23). In an analysis of New York City
birth certificate data from 1999–2001,
there was excess risk of primary cesarean
delivery in women with chronic diabetes
compared to women without diabetes
(adjusted OR 2.37, 95% CI 2.05–2.75),
and the excess risk was present in all
racial/ethnic groups examined (324).
In the population-based surveys of pregnant women with preexisting diabetes
in North America listed in Tables 5.19,
5.20, and 5.21, the cesarean section
rates were 36.8%–61.8% (undifferentiated preexisting diabetes in pregnancy,
type 1 diabetes, type 2 diabetes)
(114,115,208,210,213,214,249), with
similar rates in other countries (88,92,93,
94,95,98,100,107,113,221,227,229,
276,278,305). Cesarean section rates
were >50% in five of nine North American
data sets and 51.1%–72.9% in 14 of the
20 international data sets (Tables 5.19,
5.20, and 5.21). The high rates were seen
for both type 1 and type 2 diabetes in
some (95,98,107,108,114), but not all
(113,210,307), surveys (Tables 5.20 and
5.21).
For population-based data sets including
diabetic women and control populations,
the crude or adjusted effect sizes for
cesarean delivery in diabetes ranged
from adjusted odds ratios of 1.6 (95%
CI 1.3–1.9) for type 2 diabetes and 2.7
(95% CI 2.3–3.1) for type 1 diabetes
in Ontario, Canada (210); adjusted
odds ratio 2.5 (95% CI 2.3–2.7) for

TABLE 5.23. Distribution of Birth Weight
and Route and Method of Delivery for
Gestational Age >37 Weeks Among Women
With Preexisting Diabetes Mellitus in
Pregnancy, U.S., 2009
BIRTH DATA
Route and method of delivery
Spontaneous
Forceps
Vacuum
Cesarean
Birth weight (g)
500–<1,000
1,000–<1,500
1,500–<2,000
2,000–<2,500
2,500–<3,000
3,000–<3,500
3,500–<4,000
4,000–<4,500
4,500–<5,000
≥5,000

PERCENT
40.5
0.8
2.2
56.5
0.02
0.1
0.6
3.3
14.9
33.0
29.3
12.8
4.6
1.4

Data include 28 states, Washington, DC, and New York
City using the 2003 revised birth certificate. Missing
values for route and method of delivery, n=10. Missing
values for birth weight, n=9.
SOURCE: National Vital Statistics System 2009
(Reference 12)

undifferentiated preexisting diabetes in
Alberta, Canada (214); relative risk 3.7
(95% CI 3.2–4.2) for type 1 diabetes in
the Netherlands (100); relative risk 4.4
(95% CI 4.1–4.8) for type 1 diabetes in
Denmark (93); odds ratio 4.6 (95% CI
3.7–5.7) for type 1 diabetes in Belgium
(305); adjusted odds ratio 5.3 (95% CI
5.0–5.7) for type 1 diabetes in Sweden
(276); and odds ratio 6.2 (95% CI 4.5–8.6)
for preexisting diabetes in South Carolina
(327). Even after adjustment for indications for cesarean delivery, including prior
cesarean delivery, preeclampsia, and fetal
macrosomia, and for other risk factors
such as maternal and gestational age,
diabetes was a significant predictor of
cesarean delivery—a finding supported
by another report based on birth certificates (324). Women with preexisting
diabetes mellitus more frequently fail
attempts at vaginal delivery after cesarean
section than do nondiabetic women (38%
vs. 24%) (328), with higher failure rates
corresponding to more severe diabetes
(329).
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NEONATAL COMPLICATIONS IN INFANTS OF MOTHERS WITH PREEXISTING DIABETES
Admissions to a neonatal intensive care
unit (NICU) for a variety of reasons
are much more common for infants of
mothers with pregestational diabetes than
controls, adding greatly to medical costs.
With undifferentiated preexisting diabetes,
48.9% of 454 liveborn infants were
admitted to NICU among diabetic mothers
participating in a multicenter randomized
controlled trial of aspirin use to prevent
preeclampsia in 1991–1995, but reported
in 2000 (no effect). The rate was 70.4%
if the mother had diabetic vascular
disease (248). In a separate analysis of
this trial, for deliveries of liveborn infants
of diabetic mothers at <37 weeks, the
rates of admission to NICU were 69.2% for
indicated preterm deliveries and 74.6% for
spontaneous deliveries (322). Analysis of
a multicenter study in Utah in 2002–2010
showed 20.6% of 802 infants of women
with preexisting diabetes in the current
and previous pregnancy were admitted
to NICU compared to 7.6% of controls
(p<0.0001) (115).
In a population-based study in Alberta,
Canada, in 2005–2011, NICU admission
occurred in 32.4% of liveborn infants of
diabetic mothers versus 16.4% of infants
of mothers with gestational diabetes and
10.8% of controls (adjusted OR 3.81, 95%
CI 3.49–4.16 for preexisting diabetes vs.
controls). The rate of admission to NICU
was 72.9% in 50 twin deliveries of mothers
with preexisting diabetes (214). In West
Ireland in 2010–2014, 44% of infants of
mothers with type 1 and type 2 diabetes
(mixed) received neonatal intensive care
(88). Multicenter studies of mothers with
type 2 diabetes showed NICU admission
rates of 42.2% in the West Midlands of
England (309), 39.2% in West Ireland
(108), and 39.6% in Japan (113).
Lower rates of NICU admission were
reported in Australia in 1998–2002 for
1,228 liveborn infants of mothers with
pregestational diabetes (10.4% vs. 2.1%
in controls, OR 5.45, 95% CI 4.51–6.58)
(227) and in East Anglia, England, in
2006–2009 (9.8% of 317 liveborn infants
of mothers with type 1 diabetes and 5.0%
of 218 liveborn infants of mothers with

type 2 diabetes) (107). These rates of
NICU admission may be affected by strategies of triage of infants to transitional
observational or special care units (107).
There was a trend for admission to NICU
for infants of mothers with type 1 diabetes
in Finland from 25.3% in 1999–2003 to
18.0% in 2004–2008 (226).

(208,214,248), with one outlier at 1.37%
in a rural province with data collected in
1988–2002 (249) (Table 5.19). Excess risk
of neonatal mortality compared to nondiabetic pregnancies could be calculated
in only one study with an adjusted odds
ratio of 2.0 (95% CI 1.27–3.17) in Alberta,
Canada (214).

NEONATAL, PERINATAL, AND INFANT
MORTALITY
In the United States, all live births, regardless of gestational age, are to be reported
as vital record events (330). Infant deaths
involve reporting both live birth and
death certificates, which also include
demographic and clinical information that
could support cause-of-death determination. A live birth that results in death
within the first 364 days of life is defined
as an infant death, further subdivided as
early neonatal (<7 days), late neonatal
(7–27 days), neonatal (<28 days), or postneonatal (28–364 days) (13,330). The
last subcategory is important because
intensive neonatal care often produces
survivors >28 days when the initial
problem was a perinatal event or process.
Perinatal mortality comprises the combination of fetal and neonatal deaths <28
days of life, assuming that similar factors
are associated with these losses (13,330).
Surveys that exclude pregnancies with
congenital malformations in the infants
will have lower fetal and infant death rates,
so they are not comparable to standard
surveys of pregnancy outcome.

In Europe, in 1996–2008, four surveys
of pregnancies complicated by preexisting diabetes of unclassified type
had neonatal mortality rates of 0.40% in
Northern England in 1996–2008 (211),
1.7% in Northern England in 2002–2004
(209), 0.83% in the United Kingdom in
2002–2003 (302), and 0.95% in France
in 2000–2001 (92). Crude relative risk
was calculated in one study from the
United Kingdom at 1.74 (95% CI 0.8–3.9)
(211). Two other studies defined neonatal
death as within the first week of life with
the following rates: zero in West Ireland
in 2005–2014 (88) and 0.15% in Bavaria,
Germany, in 2001–2007 (318). The
Australian survey presented a neonatal
death in hospital rate of 0.4% for infants
of mothers with pregestational diabetes
versus 0.2% in controls in 1998–2002 (OR
1.78, 95% CI 0.65–4.45) (227). These data
are presented in Table 5.19, with methods
in the footnotes.

Studies with variable definitions of
neonatal mortality and perinatal mortality
from Europe are included here because
few North American population-based
studies of pregestational diabetes provide
neonatal data. Information on neonatal
mortality was available in four reports
(208,214,248,249) with large data sets
collected since 2000 in the United States
and Canada and not available in seven
surveys (91,114,115,203,210,212,213)
(Tables 5.19, 5.20, and 5.21). The
frequency of neonatal death among
liveborn infants of mothers with undifferentiated preexisting diabetes was
<1.0% in three surveys in North America

Of 17 European population-based surveys
or multicenter studies of pregnancies
complicated by type 1 diabetes conducted
in 1993–2013 (Table 5.20), among
liveborn infants, eight reported neonatal
mortality rates of 0.47%–0.96% (98,107,
243,276,278,302,304,305), and there
were two outliers with rates of 0.22% in a
multicenter study in Italy in 1999–2003
(95) and 1.5% in Northwest England in
1995–1999 (303) (see footnotes to Table
5.20 regarding references 276 and 307).
Three surveys presented the effect size for
neonatal death compared to control populations: adjusted odds ratio 2.7 (95% CI
1.7–4.2) for Sweden in 1991–2003 (276);
odds ratio 2.6 in Belgium in 2002–2004
(305); and adjusted odds ratio 1.5 (95%
CI 0.7–3.3) in Norway in 1985–2004
(278). Methods are shown in the footnotes
to Table 5.20. Five studies had data
5–47
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only for the first week of neonatal life
(93,94,100,229,306), as well as one multicenter study in Japan (113). No neonatal
deaths were reported in a study of 191
women with type 1 diabetes in West
Ireland in 2007–2013, but the length of
follow-up of infants was undefined (108).
Only six population-based or multicenter analyses had data on mothers
with type 2 diabetes (Table 5.21); none
was conducted in North America. Zero
neonatal deaths among 218 liveborn
infants were reported in East Anglia,
England, in 2006–2009 (107), and there
were no infant deaths up to 1 year of life
in 208 female infants of mothers with
type 2 diabetes and two in 204 male
infants (1.0%) in a national survey in
Sweden in 1998–2007 (307). The crude
neonatal death rates with type 2 diabetes
were 0.75% (98), 0.95% (302), 1.9% (309),
and 2.1% (95) over the past decade in
Europe. In the West Midlands of England
(309), the rate of 1.86% contrasted with
0.53% for the background population
(p=0.21). The rate in a multicenter study
in Japan was 0.59% for infants dying in
the first week of life (113).
Perinatal mortality rates (n/100; defined
as fetal death ≥20 gestational weeks and
neonatal deaths <29 days) have declined
to 1.1% in Utah (115), 1.3% in Ontario,
Canada (212), and 1.6% in Northern
California (208) compared to 2.3% in Nova
Scotia, Canada, in 1988–2002 (249), 2.4%
in a multicenter study in the United States
in the 1990s (248), and 2.9% in Alberta,
Canada, in 2005–2011 (214) (Table 5.19).
Surveys from Europe with deliveries since
2000 reported perinatal mortality rates
of 3.05% to 3.5% in the United Kingdom
(209,243,302), West Ireland (108), and
Flanders, Belgium (305), and 2.02% for
infants of type 2 diabetic mothers in West
Ireland (108) (Tables 5.19, 5.20, and
5.21). Studies with definitions of stillbirth
as >27 weeks were excluded. Effect sizes
were relative risks of 3.8 (95% CI 3.0–4.7)
in the United Kingdom (for type 1 and
type 2 diabetes combined) (302) and
4.1 (95% CI 2.9–5.6) in Denmark (93),
adjusted odds ratio 3.1 (95% CI 2.2–4.4)
in Norway (278), and odds ratio 4.28 (95%
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CI 2.22–8.01) in Flanders, Belgium (305),
in studies of type 1 diabetes with reference populations (deliveries 1985–2004;
see footnotes to Tables 5.19 and 5.20 for
methods of comparison). Many studies
have linked poor glycemic control in early
and continuing pregnancy with increased
perinatal mortality (290,316,317,331).
Population-based surveys of the frequency
of postneonatal (late infant) death, i.e.,
from 29 days to 1 year of life in infants of
diabetic mothers (unclassified or type 1
diabetes) show rates of 0.20% to 0.57% in
relatively small studies (211,249,304,305)
(Tables 5.19 and 5.20) compared to
0.19% among 3,157 liveborn infants in
Northern California (208), 0.7% among
2,004 female infants and 0.4% among
2,088 male infants in Sweden (307), and
0.55% among 1,280 liveborn infants in
Norway (278). Effect sizes were odds
ratio 2.5 (305) and relative risks 2.1 (95%
CI 0.8–5.6) (211) and 2.75 (278) in three
studies with reference populations. In two
studies of infants of mothers with type 2
diabetes, postneonatal death rates were
1.0% in male infants in Sweden (vs. 0.2%
in controls) (307) and 1.2% in the West
Midlands of England (vs. 0.2% in the background population) (309).
In the only large population-based study
of the effect of fetal sex on pregnancy
outcomes with maternal diabetes, there
was no significant male bias in perinatal
mortality (fetal death at ≥28 weeks or
within the first week of life) in 4,092 births
with type 1 diabetes in 1998–2007 nor
in late neonatal deaths or infant deaths
in the first year (307). The findings were
the same in 8,602 pregnancies with
gestational diabetes, in contrast with
a significant male bias in late neonatal
deaths in the reference population of
905,565 births (307).

CONDITION AT BIRTH AND
SEQUELAE
Due to the previous high perinatal
mortality with maternal diabetes, for
decades there has been anxiety about
the condition of the baby at birth. Poor
condition has been described as “fetal
distress,” “fetal jeopardy,” “depressed,”

and “birth asphyxia.” In the DCCT, among
191 liveborn infants of mothers with type 1
diabetes, the state of consciousness of
the newborn was described as normal
(89.5%), hyperalert (1.1%), lethargic
(7.3%), comatose (0.5%), and unknown
(1.6%) (6). Definitions at birth range
from fetal distress defined as “whenever
vacuum extraction or cesarean section
was performed as a result of suspected
or manifest fetal hypoxia,” which was
coded as present in 14% of 5,089 infants
of mothers with type 1 diabetes delivered
in Sweden in 1991–2003 (276), to fetal
distress undefined in 13.6% of 464 infants
of mothers with type 1 diabetes and 4.3%
of 141 infants of mothers with type 2
diabetes delivered in Italy in 1999–2003
(95).
Use of Apgar scores to mark depression
at birth has been quite variable in studies
of infants of diabetic mothers. In a new
analysis for Diabetes in America, NVSS
data based on birth certificates from 2009
(12) were used to assess the distribution
of 5-minute Apgar scores according to
route and method of delivery in newborns
of women with preexisting diabetes,
including a subgroup with chronic hypertension. Apgar scores <7 were recorded
in 3.7% of spontaneous vaginal deliveries,
in 5.4% of forceps vaginal deliveries, in
4.5% of vacuum vaginal deliveries, and in
5.1% of cesarean deliveries. Apgar scores
<7 were recorded in 6.6% of births to
diabetic women with preexisting hypertension. Five-minute Apgar scores <4 were
recorded in less than 2.4% in any category
of delivery (Table 5.24).
Apgar scores were used as follows in other
population-based studies: 5-minute Apgar
score <7 in 3.1% and <4 in 0.8% of 5,020
liveborn infants of mothers with type 1
diabetes in Sweden (adjusted OR 2.39,
95% CI 1.64–3.51 for Apgar score <4 vs.
controls) (276); 5-minute Apgar score <7
in 5.0% of 318 liveborn infants of mothers
with type 1 diabetes in the Netherlands
(100); 5-minute Apgar score <4 in 0.7%
of 1,228 liveborn infants of mothers with
diabetes in Australia (crude OR 2.83,
95% CI 1.37–5.62 compared to infants
of mothers without diabetes) (227); and
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TABLE 5.24. Route and Method of Delivery by 5-Minute Apgar Score in Newborns of
Women With Preexisting Diabetes Mellitus in Pregnancy, U.S., 2009
PERCENT
DELIVERY METHOD AND MATERNAL
COMORBIDITY
Route and method of delivery
Spontaneous
Forceps
Vacuum
Cesarean
Comorbidities
Preexisting hypertension

Apgar Score
0–3

4–6

7–8

9–10

1.5
2.3
1.1
1.3

2.2
3.1
3.4
3.8

16.8
22.5
21.5
21.0

79.5
72.1
74.0
73.9

2.1

4.5

21.7

71.7

Data include 28 states, Washington, DC, and New York City using the 2003 revised birth certificate.
SOURCE: National Vital Statistics System 2009 (Reference 12)

5-minute Apgar score <3 in 1.8% of 904
infants of mothers with type 1 diabetes
(adjusted OR 2.48, 95% CI 1.44–4.00
compared to nondiabetic controls) and
1.4% of 516 infants of mothers with type 2
diabetes (adjusted OR [NS] compared to
nondiabetic controls) in Ontario, Canada
(210). In the Helsinki region of Finland
(226), umbilical artery pH <7.15 was used
as a marker of condition at birth, found in
5.9% of 188 liveborn infants of mothers
with type 1 diabetes in 1999–2003 and
15.1% of 324 liveborn infants of mothers
with type 1 diabetes in 2004–2008. “In
logistic regression analysis, nulliparity, in
addition to poor glycemic control, was
associated with the risk of [umbilical
artery] pH <7.15 and low Apgar score at
birth” (226).
While neonatal encephalopathy (NE) is
uncommon (2–5 per 1,000 live births), it
is an important cause of neonatal death,
and up to 30% of infants with NE exhibit
significant long-term neurodevelopmental
disability (332). Maternal diabetes is
also associated with risk of neonatal
seizures or NE via neonatal hypoglycemia
(333,334) and perhaps by hypocalcemia
or hyperbilirubinemia. Hypoglycemia is
associated with adverse neurodevelopmental outcomes in all infants at risk for
NE (335,336). A European case-control
study compared characteristics of 27
singleton term infants who developed NE
(0.09%) in 1993–2003 with those of 100
randomly selected controls; maternal
diabetes was one of the antenatal risk
factors related to occurrence of NE (337).

NE rates are not often collected or stated
in population-based or multicenter
studies of preexisting diabetes mellitus.
Of seven reports with detailed neonatal
morbidity data, the multicenter survey in
Italy reported neonatal asphyxia in 9.3%
of 464 liveborn infants of mothers with
type 1 diabetes and 8.5% of 141 liveborn
infants of mothers with type 2 diabetes,
but it was not clear how long after birth
the clinical evaluation was made or what
criteria were used (95). Data from a large
Swedish birth registry from 1998–2007
with infants born alive at 32–43 weeks
gestation (SGA babies excluded) showed
two cases of NE among 1,783 appropriate-for-gestational age (AGA) infants of
mothers with type 1 diabetes and two
cases among 1,734 large-for-gestational
age (LGA) infants of mothers with type 1
diabetes (338).
Neonatal seizures in term infants are a
subset of NE (332). Preexisting diabetes
mellitus was an independent risk factor
for term neonatal seizures (adjusted OR
4.32, 95% CI 1.62–6.59 compared to
infants of mothers without diabetes) in
a case-control study using the Colorado
Birth Certificate Registry (333). Neonatal
seizures were recorded in 0.56% of
1,783 AGA infants of mothers with type 1
diabetes and 0.35% of 1,734 LGA infants
of mothers with type 1 diabetes in a large
Swedish birth registry for liveborn infants
at 32–43 weeks gestation in 1998–2007
(SGA babies excluded) (338).
Cerebral palsy (CP) is a major concern for
infants with NE (332). In a case-control

study in Sweden in 1984–1998, type 1
diabetes was associated with CP (OR
2.1, 95% CI 1.4–3.1) to a greater degree
than was preeclampsia (OR 1.5, 95%
CI 1.3–2.4) (339) compared to controls
without diabetes or preeclampsia. Other
large data sets, CP registries, or systematic reviews have stated maternal diabetes
was not a risk factor for CP in offspring,
without defining the type of diabetes
(340), or diabetes was not mentioned in
the analysis. In a study using the Canadian
Cerebral Palsy Registry, among 155
term-born children with CP following NE,
seven were infants of insulin-dependent
diabetic mothers (4.5%) (341). Overall, 12
CP cases were associated with shoulder
dystocia (7.7%), and four of those were
infants of mothers with gestational
diabetes (341). This suggests the possibility of a link among maternal diabetes,
difficult delivery, NE, and CP.

FETAL GROWTH AND SIZE AT BIRTH
Due to restricted numbers of deliveries earlier in pregnancy (although in
greater proportion than in nondiabetic
women), it is not certain that populations
of fetuses of diabetic mothers in early
gestational age groups are bigger or
smaller than controls (277,305). Fetal
macrosomia in utero is common with
type 1 or type 2 diabetes after 26 weeks
gestation (305,342,343,344) and is
predicted by elevated maternal A1c
(283,284,345,346,347,348), obesity
(343,344,349), and excess gestational
weight gain—the latter relationship
noted especially in the absence of obesity
(308,348).
The usual method to define fetal growth
restriction is by the proportion of SGA
infants at birth (and small for sex and/or
racial/ethnic group; SGA is <10th percentile birth weight in a reference population)
and to define excess fetal size or mass by
the proportion of LGA infants at birth (and
large for sex and/or racial/ethnic group;
LGA is >90th percentile birth weight
in a reference population) (13). Other
methods of assessment are discussed
below. However, the denominators used
to determine rates of SGA and LGA vary
in different studies. Use of percentage of
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total births beyond a defined gestational
age reflects the fact that some stillborn
infants are obviously too small or too large
(especially if estimated by ultrasonography
prior to demise). Use of percentage of
liveborn infants reflects the fact that not
all stillborn infants are weighed and that in
utero fetal mass can change after demise.
Table 5.23 shows the distribution of birth
weights among women with preexisting
diabetes in U.S. states using the 2003
revised birth certificate, in a new
analysis of NVSS 2009 data for Diabetes
in America (12). Birth weights were at
4,000–4,499 g in 12.8% of deliveries >37
weeks gestation, at 4,500–4,999 g in
4.6%, and ≥5,000 g in 1.4%. Thus, 18.8%
of term births had fetal macrosomia
defined by birth weight ≥4,000 g.
The data set does not account for
infants born at <38 weeks who were
large-for-gestational age and sex (LGA)
on growth charts. Table 5.25 shows the
distribution of birth weight >4,000 g
among women with preexisting diabetes
by gestational weight gain from the NVSS
2009 (12). The prevalence of birth weight
>4,000 g increased by gestational weight
gain, from 10.4% with gain of <11 lb to
29.1% with gain of >40 lb. The interaction
with glycemic control is not available in
this data set.
In the largest data set examining the
relationship of maternal BMI to fetal
overgrowth in infants of type 1 diabetic
mothers in the Swedish Medical Birth
Registry for 1998–2007, the adjusted
odds ratios for LGA babies were 1.18
(95% CI 1.01–1.38) for 1,195 overweight mothers (BMI 25–29.9 kg/m2;
50% LGA) and 1.21 (95% CI 1.00–1.47)
for 618 obese mothers (BMI ≥30 kg/m2;
51% LGA) compared to 1,644 diabetic
mothers with normal BMI 18.5–24.9
kg/m2 (47% LGA) (277). The modest
effect was adjusted for maternal age,
height, parity, smoking, chronic hypertension, and Nordic origin (yes/no). BMI
values were obtained from maternal
recall of height and prepregnancy
weight. No information about glycemic
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control or gestational weight gain was
available.
A stronger effect of maternal BMI was
seen in the 764,498 control mothers
without diabetes, where glycemic control
was not an issue: 8.2% LGA with maternal
BMI 18.5–24.9 kg/m2 (reference value),
13% LGA with BMI 25–29.9 kg/m2
(adjusted OR 1.76, 95% CI 1.73–1.79), and
18% LGA with BMI ≥30 kg/m2 (adjusted
OR 2.60, 95% CI 2.55–2.66) (277). The
likelihood ratio test was used for potential
interaction between maternal BMI categories and type 1 diabetes for the risk of
LGA. Then, the adjusted odds ratios for
LGA with maternal diabetes compared to
controls stratified on prepregnancy BMI
were 10.72 (95% CI 9.56–12.01) with
BMI 18.5–24.9 kg/m2, 13.55 (95% CI
12.23–15.02) with BMI 25–29.9 kg/m2,
and 13.26 (95% CI 11.27–15.59) with BMI
≥30 kg/m2 (interaction p<0.001) (277).
Great variations in size at birth are associated with short-term and long-term
morbidity (350,351,352), especially in
infants of diabetic mothers (353). But
there is nonconformity in the definitions of
the normal limits of birth weight, adiposity
and body composition, and length and
head circumference for gestational age
(too small; too large) that are used in the
general population.
Most authors of the population-based or
multicenter studies of preexisting diabetes
listed in Tables 5.26 and 5.27 used birth
weight <10th percentile for gestational
age and sex for SGA and birth weight
>90th percentile for gestational age and
sex for LGA, using population-based
birth weight percentiles relevant to their
geographic area (88,93,108,113,115,
203,208,214,226,227,248,277,308,
309,322). Newborn macrosomia has
also (113,115,208,248,308,309) or only
(95,114) been categorized as ≥4,000 g or
also as ≥4,500 g (88,93,107,108,208,309)
in these studies (Tables 5.26 and 5.27;
references 206 and 215 were excluded
due to unclear definitions). One set
of authors also used <2.5th or <3rd

TABLE 5.25. Birth Weight >4,000 g Among
17,784 Women With Preexisting Diabetes
Mellitus in Pregnancy, by Maternal Weight
Gain, U.S., 2009
GESTATIONAL
WEIGHT GAIN (LBS)
Total
<11
11–20
21–30
31–40
41–98

PERCENT
16.1
10.4
14.9
22.5
23.1
29.1

Data include 28 states, Washington, DC, and New York
City using the 2003 revised birth certificate.
SOURCE: National Vital Statistics System 2009
(Reference 12)

percentile or >95th–97.5th percentile for
a more stringent definition of severe SGA
or marked LGA (226). Another way to look
at the shifted population distribution of
birth weights with maternal diabetes is to
use birthweight z-scores (<2.0 SD units,
<2.3th percentile; >2.0 SD units, >97.7th
percentile) (226).
The IADPSG-proposed codification of
definitions of pregnancy outcomes with
maternal diabetes accepts LGA as ≥90th
percentile for gestational age or macrosomia as birth weight ≥4,000 g (13).
Comparing the two outcome measures,
in a regional study of 350,311 singleton
births in England in 1988–1997, macrosomia was a better predictor of obstetrical
morbidity than was LGA (350). Nested in
the study were 1,072 cases of preexisting
diabetes, which was a much stronger
predictor of LGA (OR 6.97, 95% CI 5.96–
8.16) than of birth weight >4,000 g (OR
1.81, 95% CI 1.50–2.19), probably due
to LGA being present in early deliveries
with diabetes, before the fetus reaches
>4,000 g. The effect size of maternal
obesity was equivalent at predicting
LGA (OR 1.97, 95% CI 1.88–2.06) or
macrosomia (OR 2.08, 95% CI 1.99–2.17)
(350). An analysis with similar results
was made in 2,432 live births to women
with preexisting diabetes (30.2% LGA,
adjusted OR 3.94, 95% CI 3.61–4.31;
11.3% macrosomia >4,200 g, adjusted
OR 2.11, 95% CI 1.86–2.40) compared to
304,696 singleton live births to women
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TABLE 5.26. Neonatal Outcomes for Pregnancies in Women With Undifferentiated Preexisting Diabetes Mellitus in Pregnancy, PopulationBased or Multicenter Studies, 1991–2014

REGION, YEARS
(REF.)
United States,
1991–1995 (248)†

United States,
1991–1995 (322)†

California, 2006
(203)§

TOTAL NUMBER
OR LIVEBORN
INFANTS OF
DIABETIC
MOTHERS

NUMBER OF CASES (PERCENT) VERSUS (PERCENT IN CONTROLS)
AND EFFECT SIZE (95% CI)

Birth Trauma*

454‡

22 (4.8)‡

454‡

PDM alone: 3,718║
PDM with CH:
433║

California, 2001–
2007 (213)¶
Northern
California, 2007–
2011 (208)#

Utah, 2002–2010
(115)**

Alberta, Canada,
2005–2011
(214)††

West Ireland,
2005–2014 (88)‡‡

22,331║
1,730║
1,712‡

802 singleton
births║

Small-ForLarge-forGestational Age Gestational Age

44 (2.6)‡

9 (1.1)║
vs. (0.84)

2,432
singleton births‡

Respiratory Distress
Syndrome and/or
TTN

159 (35.0)‡

NR

>4,000 g:
71 (15.6)‡

NICU care: 48.9%‡

<35 w:
4/61 (6.6)

RDS <35 w:
24/58 (41.4)

<37 w:
15/161 (9.3)
361 (9.7)║
adjOR 1.0
(1.0–1.2)

RDS <37 w:
41/156 (26.3)
301 (8.1)║
adjOR 3.4
(3.0–3.8)

79 (18.2)║
adjOR 2.2
(1.6–3.0)
391 (1.75)║

26 (6.0)║
adjOR 1.8
(1.2–2.7)
1,657 (7.42)║

119 (6.9)║

560 (32.4)║

150 (8.8)‡

≥4,000 g:
374 (21.6)║

<37 w:
104 (6.1)‡

≥4,500 g:
119 (6.9)║
193 (24.2)║
vs. (9.2)
p≤0.0001

≥37 w:
46 (2.7)‡

34 (4.3)║
vs. (5.8)

161 (6.6)‡
vs. (10.3)
adjOR 0.65
(0.55–0.76)

>4,000 g:
104 (13.0)║
vs. (7.4)
p≤0.0001
734 (30.2)‡
vs. (9.1)
adjOR 3.94
(3.61–4.31)
>4,200 g:
276 (11.3)‡
vs. (5.2)
adjOR 2.11
(1.86–2.40)
46 (24.6)║
>4,500 g: 12

2005–2009:
187║
182‡

14 (7.5)║

2010–2014:
198║
197‡
1,228‡

14 (7.1)║

57 (28.8)║
>4,500 g: 15

77 (6.3)‡
vs. (9.8)
crOR 0.93
(0.73–1.20)

430 (35.0)‡
vs. (10.4)
crOR 4.91
(4.28–5.63)

70 (8.7)║
vs. (3.2)
p≤0.0001

Neonatal
Hypoglycemia

Hyperbilirubinemia
Phototherapy

32 (1.9)‡

352 (20.6)‡

18 (2.2)║
vs. (1.9)

All types of
jaundice:
239 (29.8)║
vs. (19.0)
p≤0.0001

NR
NICU care:
788 (32.4)‡
vs. (10.8)
adjOR 3.81
(3.49–4.16)

NR
NICU care:
105 (57.7)‡

33 (18.1)‡
27 (13.7)‡

New South Wales,
Australia, 1998–
2002 (227)§§

46 (3.75)‡
vs. (2.9)
crOR 1.31
(0.96–1.78)

NR
NICU care:
100 (50.8)‡
NR
NICU care:
128 (10.4)‡
vs. (2.1)
crOR 5.45
(4.51–6.58)

587 (47.8)‡
vs. (1.6)
crOR 56.8
(50.5–63.8)

Table includes prospective population-based and multicenter studies reported in 2000–2014. Neonatal is defined as 1–28 days of life. AdjOR, adjusted odds ratio (95% CI); CH,
chronic hypertension; CI, confidence interval; crOR, crude odds ratio; ICD-9/10, International Classification of Diseases, Ninth/Tenth Revision; LGA, large-for-gestational age,
≥90th percentile for age (and sex); NICU, neonatal intensive care unit; NR, not reported; PDM, preexisting diabetes mellitus in pregnancy, undifferentiated; RDS, respiratory
distress syndrome; SGA, small-for-gestational age, <10th percentile for age (and sex); TTN, transient tachypnea of the newborn; w, weeks gestation.
* Undefined birth trauma

Table 5.26 continues on the next page.
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TABLE 5.26. (continued)
†

‡
§
║
¶
#

**

††

‡‡
§§

Multicenter: References 248 and 322 are aspects of the same prospective multicenter randomized controlled trial of low-dose aspirin use in pregnancy to prevent
preeclampsia; aspirin without effect. Diabetic women required insulin before pregnancy; included 55 diabetic women with CH; singleton births, excluded congenital anomalies; recruited at 13–26 w. Numbers from reference 322 exclude cases with missing data. Reference 322 also showed three cases of neonatal intraventricular hemorrhage
among 34 spontaneous preterm deliveries at <35 w.
Denominators are all liveborn infants.
Includes normally formed singleton infants recorded in the California Vital Statistics Birth Certificate Database linked with the California Patient Discharge Database. Women
with PDM and CH identified by ICD-9 codes. Multivariable logistic regression used to determine estimated effect size versus women without disease, adjusted for maternal
age, race/ethnicity, insurance type at delivery, education level, parity, number of prenatal visits, obesity, and renal disease.
Denominators are total deliveries.
Statewide hospital delivery discharges with complete data; subjects missing age or race/ethnicity data as well as extremes of age (<15 and ≥55 years) were excluded.
Diagnoses based on ICD-9 codes. “Poor fetal growth” and “excess fetal growth” were undefined in the report. No prevalences given in article for infants of nondiabetic
women, only for women with gestational diabetes.
A. Ferrara and T. Peng, unpublished data from the Kaiser Permanente of Northern California system of 10 maternity hospitals, prepared for Diabetes in America, 3rd edition.
Included number of infant records linked to maternal records. SGA and LGA if having <10th and ≥90th centiles, respectively, of the race-specific cutpoints for birth weight.
Neonatal hypoglycemia (ICD-9 775.6) was treated in NICU. Hyperbilirubinemia if meeting the American Academy of Pediatrics guidelines to treat with phototherapy based
upon the bilirubin level, time after birth, and several risk factors (i.e., gestational age, Coombs testing).
Retrospective multicenter analysis of electronic medical records of 20 hospitals. Included here preexisting diabetes ICD-9 codes in the previous and current index pregnancy
(type 1 diabetes 103, type 2 diabetes 118, unknown 581; 75.8% used insulin, 11.4% oral agents, 12.8% diet). Number of liveborn versus stillborn infants unknown, so denominator for all outcomes here is total deliveries. Relative risks compared to population of 58,224 births to women without any type of diabetes in the previous and current index
pregnancy; assessed by Poisson regression models with robust variance estimators. ICD-9 code 769 used for respiratory distress syndrome: a condition of the newborn
marked by dyspnea with cyanosis, heralded by such prodromal signs as dilatation of the alae nasi, expiratory grunt, and retraction of the suprasternal notch or costal margins.
ICD-9 code 775.6 used for listing of neonatal hypoglycemia. Jaundice based on ICD-9 codes 774.6 for unspecified fetal and neonatal jaundice and 774.2 for neonatal jaundice associated with preterm delivery.
Here included all singleton pregnancies that resulted in delivery of live births ≥20 w, based on the Alberta Vital Statistics Birth File. Clinical diagnoses based on ICD-10 codes,
linking the Alberta Diabetes Database, the Notice of Birth database, the Hospital Abstract Database and Ambulatory Care Classification System, and the Hospital Discharge
Database. Here, denominator of livebirths in PDM includes unknown number of cases in which data for SGA and LGA were not available; 176 cases were unavailable in total
population, including PDM, gestational diabetes, and controls. Used multinomial logistic regression to examine the association of PDM with adverse outcomes, controlling for
maternal characteristics; 306,576 pregnancies without any type of diabetes.
All hospitals in regional diabetes and pregnancy program in the Irish Atlantic seaboard; 39% type 2 diabetes. Births >23 w. Denominators for SGA and LGA include five stillbirths in period 1 and one stillbirth in period 2. Neonatal hypoglycemia stated for liveborn infants, but undefined.
Data obtained from linkage of two New South Wales Department of Health computerized datasets: the Midwives Data Collection and the Inpatient Statistics Collection,
covering all births of >20 w or >400 g birth weight. Used ICD-10 diagnostic and procedure codes. Contingency tables were used to compare groups (352,673 pregnancies
without diabetes). Neonatal hypoglycemia is ICD-10 P70.4.

SOURCE: References are listed within the table.

TABLE 5.27. Neonatal Outcomes for Pregnancies in Women With Type 1 Diabetes or Type 2 Diabetes, Population-Based or Multicenter
Studies, 1990–2013

REGION, YEARS
(REF.)
California, 2002–
2004 (308)║

California, 2006
(114)¶

West Midlands,
England, 1990–
2002 (309)#

West Ireland,
2007–2013 (108)**

TOTAL NUMBER
OR LIVEBORN
INFANTS
BY TYPE OF
MATERNAL
DIABETES

NUMBER OF CASES (PERCENT OF TOTAL DELIVERIES* OR LIVEBORN†)
VERSUS (PERCENT IN CONTROLS‡) AND EFFECT SIZE (95% CI)
Birth Trauma
Percent of
Liveborn (All†
or Vaginal§
Deliveries)

Small-forRespiratory Distress
Gestational Age
Large-forSyndrome and/or
or <2,500 g
Gestational Age
TTN†

Neonatal
Hypoglycemia†

Hyperbilirubinemia
Phototherapy†

Type 2: 2,042*
1,999†
>36 w

97 (4.75)*

525 (25.7)*

Type 1: 563*
555†

62 (11.0)*

≥4,000 g:
371 (18.2)*
>4,000 g:
66 (11.7)*

36 (6.5)

145 (26.1)

Type 2: 2,224*
2,197†
Type 2: 163*
161†

285 (12.8)*

272 (12.2)*

49 (2.2)

496 (22.6)

17 (10.4)*

52 (31.9)*

NR

>4,000 g:
15 (9.2)*

NICU care:
68 (42.2)

>4,500 g:
6 (3.7)*
52 (27.2)*

NR

43 (23.2)

13 (7.0)

22 (22.2)*

NR

7 (7.2)

9 (9.3)

>4,500 g:
Type 1: 14 (7.3)*
Type 2: 9 (9.1)*

NICU care:
Type 1: 102 (55.1)
Type 2: 38 (39.2)

Type 1: 191*
185†

12 (6.3)* vs. (6.5)
6 (6.1)* vs. (6.5)

Type 2: 99*
97†
>23 w

Table 5.27 continues on the next page.
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TABLE 5.27. (continued)

REGION, YEARS
(REF.)
Netherlands, 1999
(100)††

Denmark, 1993–
1999 (93)‡‡

Italy, 1999–2003
(95)§§

Sweden, 1991–
2003 (276)║║

Sweden, 1998–
2007 (277)¶¶
Sweden, 1998–
2007 (307)##

TOTAL NUMBER
OR LIVEBORN
INFANTS
BY TYPE OF
MATERNAL
DIABETES
Type 1:
324 births*
318†
>23 w or >500 g
Type 1: 1,243*
births
1,217†
>23 w

NUMBER OF CASES (PERCENT OF TOTAL DELIVERIES* OR LIVEBORN†)
VERSUS (PERCENT IN CONTROLS‡) AND EFFECT SIZE (95% CI)
Birth Trauma
Percent of
Liveborn (All†
or Vaginal§
Deliveries)

Small-forRespiratory Distress
Gestational Age
Large-forSyndrome and/or
or <2,500 g
Gestational Age
TTN†

5/175 (2.9)§

761 (61.2)*

RDS: 202 (16.6)

7 (1.5)

77 (16.6)

105 (22.6)

28 (19.9)

22 (15.6)

Type 2: 144*
141†

2 (1.4)†

17 (11.8)*

5 (3.5)

117 (2.3)*
vs. (2.5)
adjOR 0.7
(0.6–0.9)

1,578 (31)*
vs. (3.6)
adjOR 11.4
(10.6–12.4)

RDS: (1.0) vs. (0.2)
adjOR 4.7 (2.2–9.8)

109 (3.2)*
vs. (10)
p<0.001

1,694 (49)*
vs. (11)
p<0.001

215 (17.7)

TTN: (9.5) vs. (2.6)
adjOR 3.4 (3.0–3.9)

RDS:
82 (2.0)*

TTN:
157 (3.8)*

403 (9.85)*
vs. (1.3)

Female: 2,004

30 (1.5)
vs. (0.4)
p<0.001

64 (3.2)
vs. (0.7)
p<0.001

188 (9.4)
vs. (0.97)

Male: 2,088

52 (2.5)
vs. (0.5)
p<0.001

92 (4.4)
vs. (1.1)
p<0.001

215 (10.3)
vs. (1.6)

5 (1.2)*

12 (2.9)*

27 (6.55)*
vs. (1.3)

Female: 208

2 (1.0)
vs. (0.4)
p<0.001

5 (2.4)
vs. (0.7)
p<0.001

12 (5.8)
vs. (0.97)

Male: 204

3 (1.5)
vs. (0.5)
p<0.001

7 (3.4)
vs. (1.1)
p<0.001

15 (7.4)
vs. (1.6)

Type 2 singleton
Total: 412*

Helsinki, Finland,
1999–2008
(226)***

82 (25.8)

TTN: 22 (6.9)

8 (1.7)†

Type 1 (18% obese)
singleton: 3,457*
>27 w
Type 1 singleton
Total: 4,092*

141 (44.3)

RDS: 17 (5.3)

Type 1: 469*
464†

Erb's palsy:
56 (2.1)§
vs. (0.25)
adjOR 6.7
(4.8–9.3)

Hyperbilirubinemia
Phototherapy†

146 (45.1)*
crRR4.5
(4.0–5.1)

≥4,500 g:
97 (7.8)* vs. (3.4)
cRR 2.3
(1.9–2.9)
>4,000 g:
62 (13.2)*

>179 days
Type 1: 5,089*
5,020†
>27 w

Neonatal
Hypoglycemia†

>22 w
Type 1 singleton:
519†
1999–2003: 190
2004–2008: 329

6 (3.2)†
6/328 (1.8)†

101 (53.2)†
171/328 (52.1)†

NICU care:
(25.3)
(18.0)

108 (56.8)
157/327 (48.0)

Table 5.27 continues on the next page.
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TABLE 5.27. (continued)

REGION, YEARS
(REF.)
Sweden, 1998–
2007 (338)†††

TOTAL NUMBER
OR LIVEBORN
INFANTS
BY TYPE OF
MATERNAL
DIABETES
Type 1: 3,517†
>31 w

NUMBER OF CASES (PERCENT OF TOTAL DELIVERIES* OR LIVEBORN†)
VERSUS (PERCENT IN CONTROLS‡) AND EFFECT SIZE (95% CI)
Birth Trauma
Percent of
Liveborn (All†
or Vaginal§
Deliveries)

Small-forRespiratory Distress
Gestational Age
Large-forSyndrome and/or
or <2,500 g
Gestational Age
TTN†

Neonatal
Hypoglycemia†

Hyperbilirubinemia
Phototherapy†

85 (4.8)§

1,734 (49.3)†

RDS: 29 (0.8)
TTN: 114 (3.2)

349 (9.9)

216 (6.1)

AGA: 1,783

24/1,032 (2.3)§

PTD: (30.4)

RDS: 12 (0.7)
TTN: 39 (2.2)

163 (9.1)

81 (4.5)

LGA: 1,734

61/741 (8.2)§
p<0.001

PTD: (44.3)

RDS: 17 (1.0)
TTN: 75 (4.3)

186 (10.7)

135 (7.8)
p<0.001

p<0.01
Japan, 2003–2009
(113)‡‡‡

Type 1: 330*
328†

1/227 (0.44)§

43 (13.0)*

112 (33.9)*

p<0.001 for TTN
34 (10.4)

45 (13.7)

56 (17.1)

Type 2: 510*
508†

2/308 (0.65)§

91 (17.8)*

190 (37.3)*

62 (12.2)

78 (15.4)

89 (17.5)

>19 w

>4,000 g:
Type 1: 17 (5.2)*
Type 2: 29 (5.7)*

Table includes prospective population-based and multicenter studies reported in 2000–2015. Neonatal is defined as 1–28 days of life. Conversions for glucose values are
provided in Diabetes in America Appendix 1. AdjOR, adjusted odds ratio; AGA, appropriate birth weight for gestational age and sex; BMI, body mass index; CI, confidence interval;
cRR, crude relative risk; LGA, large birth weight for gestational age and sex (>90th percentile); NICU, neonatal intensive care unit; NR, not reported; PTD, preterm delivery; RDS,
respiratory distress syndrome; SD, standard deviation; SGA, small birth weight for gestational age and sex (<10th percentile); TTN, transient tachypnea of the newborn; w, weeks
gestation.
* Denominators are total deliveries.
† Denominators are all liveborn infants.
‡ All studies compared to controls, except Denmark 1993–1999 (reference 93), which is compared to a reference population for fetal macrosomia.
§ Denominators are vaginal deliveries.
║ Retrospective cohort study of all women with type 2 diabetes who were cared for in the statewide Sweet Success California Diabetes and Pregnancy Program from 2001
through 2004. Included singletons with complete data, mothers overweight and obese only; excluded anomalies and preterm deliveries; included 14% with gestational
diabetes diagnosed <14 w. Data excluded outcomes of 241 women who lost weight during pregnancy. 537 women with type 2 diabetes who gained less than Institute of
Medicine guidelines had significant increase in stillbirths than other weight gain groups (p<0.001). Women with type 2 diabetes who gained in excess of Institute of Medicine
guidelines had significant increase in macrosomic infants (p<0.001).
¶ Data based on California Birth, Death, and Discharge records. Hyperbilirubinemia listed as jaundice. RDS also undefined, but frequency also lower at term in type 2 diabetes
(0.39%) than type 1 diabetes (2.0%, p<0.002).
# Retrospective multicenter study of five maternity units with multidisciplinary diabetes and pregnancy programs; data transferred to central database; subjects 55% IndoAsian, 26% Caucasian, and 19% Afro-Carribean; 16 miscarriages and three terminations of pregnancy excluded.
** Retrospective case-control study using regional electronic database with prospective data collection; five maternity units with multidisciplinary diabetes and pregnancy
programs on the Irish Atlantic seaboard; type 1 and type 2 diabetes diagnosed more than 6 months prior to index pregnancy. Comparison with matched controls by
chi-square analysis; controls selected from >12,000 women with normal glucose tolerance; cosine similarity matching for age, BMI, ethnic group, and parity with a customized nearest neighbors selection without replacement (447 matched controls for type 1 diabetes and 213 for type 2 diabetes). Neonatal hypoglycemia and hyperbilirubinemia
undefined.
†† Repeated questionnaire survey throughout pregnancy of 364 patients with type 1 diabetes in 118 hospitals from April 1, 1999 through March 2000. Excluded 23 women
due to early spontaneous abortion, 16 due to diagnosis of type 2 diabetes, four terminations of pregnancy due to anomalies, four cases of late fetal loss <24 w, one maternal
death at 17 w, and two lost to follow-up; includes eight twin pregnancies and one triplet pregnancy. Compared maternal and perinatal outcomes with national data from the
1998 Dutch perinatal database and with data from Statistics Netherlands; calculated crude relative risks and associated 95% confidence intervals. Defined macrosomia
as birth weight >90th centile corrected for gestational age, sex, and parity; fetal growth chart based on the 1998 Dutch perinatal database (including 181,000 deliveries).
Defined infant RDS and TTN according to X-ray and clinical findings. Defined neonatal hypoglycemia as <36 mg/dL (<2.0 mmol/L) and hyperbilirubinemia as infant needing
phototherapy for jaundice.
‡‡ Nationwide prospective multicenter study in eight centers; information collected after each delivery by one to three caregivers per center and reported to a central registry.
Included repeat (n=228) and twin (n=28) pregnancies ≥24 w; excluded earlier fetal losses. Macrosomia defined as birth weight >90th centile for a Danish standard population
or as ≥4,500 g (compared to background population of 70,089). Respiratory distress defined as need for continuous positive airway pressure for >1 hour after delivery; hyperbilirubinemia defined as needing phototherapy.
§§ Multicenter prospective study in 33 units participating in the Italian Diabetes and Pregnancy Study Group; recruited all pregnant women with type 1 and type 2 diabetes at
booking; data recorded in the European Quality Indicators and Data Collection Aggregated Database (excluded 30 spontaneous abortions <180 days gestation in women
with type 1 diabetes and 17 with type 2 diabetes; excluded five pregnancy terminations in women with type 1 diabetes and three with type 2 diabetes). RDS given as hyaline
membrane disease. Neonatal hypoglycemia and hyperbilirubinemia undefined.
║║ Prospective population-based study based on information from the Swedish Medical Birth Registry in 1991–2003. ICD-9 and ICD-10 codes used for clinical diagnoses in
mothers and infants. Stillbirths defined as singleton births >27 w. Denominators uncertain for cells. Authors’ table 3 shows 1.5% of 5,089 births were stillborn (n=76), but
text says 69 stillbirths. Birth trauma is brachial plexus injury in vaginally delivered infants. LGA (≥97.5 percentiles) and SGA (≤2.5 percentiles) defined as birth weights >2 SD
above or below the mean for normal fetal growth according to Swedish reference data. RDS and TTN defined by authors’ reference to another publication. Logistic regression
used to evaluate any association between maternal type 1 diabetes and outcomes. Multivariate analyses limited to 954,292 mothers with prepregnancy BMI data. Odds
ratios adjusted for group differences in maternal age, BMI, parity, chronic hypertensive disorder, smoking habits, and ethnicity.
¶¶ Prospective population-based study (two reports, references 277 and 307) based on information from the Swedish Medical Birth Registry in 1998–2007. Included singleton
births from 28 w (those with missing data excluded), so no data on earlier fetal losses or induced abortions. Maternal and neonatal diagnoses based on ICD-10 codes; ICD-9
codes also included to be sure that no patients were missed. Percentiles for birth weight were based on all liveborn, singleton infants, without major malformations, born to
764,498 mothers without a diagnosis of diabetes, adjusted for sex and gestational age. Rate of LGA did not differ significantly whether mothers with type 1 diabetes were of
appropriate weight by usual BMI standards, overweight, or obese (underweight mothers excluded) (reference 277).

Table 5.27 continues on the next page.
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TABLE 5.27. (continued)
## In the second report (reference 307), the text says liveborn infants ≥22 w were included, but no fetal deaths at 22–27 w. The study cohort was divided into 4,092 singleton
births to mothers with type 1 diabetes (2,004 female infants, 2,088 male infants) and 412 singleton births to women with type 2 diabetes (208 female infants, 204 male
infants). Stillbirths and early neonatal deaths at 0–6 days of life were combined for perinatal mortality in the report, so the number of liveborn infants as denominator for
RDS, TTN, and neonatal hypoglycemia cannot be stated in this table. Neonatal hypoglycemia was defined as plasma glucose <2.6 mM recorded after 6 hours of life. In
this report, the reference population consisted of 439,525 female infants and 466,040 male infants. Univariable analyses of dichotomous data were carried out with the
chi-square test and Fisher’s exact test. P values versus controls. Test results not shown in table were significantly increased rates of RDS and TTN in male infants versus
female infants of type 1 diabetic mothers (both p<0.05), but not with maternal type 2 diabetes.
*** Analyzed the obstetric records of 519 consecutive type 1 diabetic patients with a singleton live birth between 1999 and 2008 at Helsinki University Central Hospital (serves
a regional population of 1.5 million). LGA was defined as >90th percentile using a Finnish standard population standardized for sex and gestational age birthweight z score
>1.28 SD units). Birth weights below -2.0 SD were defined as small-for-dates (<-2.3th percentile) and above 2 SD (birth weight z score; >97.7th percentile) were defined as
macrosomia (not in table). In 1999–2003, 32.1% >97.7th percentile; in 2004–2008, 33.5% >97.7th percentile. Neonatal hypoglycemia was defined as a plasma glucose level
<2.6 mmol/L during the first day of life.
††† Data from Swedish Medical Birth Registry (excluded pregnancies <28 w, but this analysis excluded births <32 w). Included singleton live births; excluded all stillbirths and
infants with major congenital anomalies (4.2%) or born SGA (3.6%), multiple births (2.8%), and those with missing data (4.6%). Birth trauma includes Erb’s palsy and fracture
of clavicle in vaginal deliveries (conflicting number of vaginal deliveries in authors’ tables 1 and 2; table 2 used for this report). AGA (appropriate for gestational age and
sex) defined as between 10th and 90th centiles. LGA defined as a birth weight >90th centile according to gestational age and sex. RDS and TTN defined by ICD-10 codes
(not given). Neonatal hypoglycemia defined as blood glucose <2.6 mmol/L after 6 hours postnatally. Hyperbilirubinemia defined as requiring phototherapy or exchange
transfusion.
‡‡‡ Retrospective analysis of prospective data collected from 40 hospitals throughout Japan. Additional information provided by Takashi Sugiyama as personal communication to
JLK. Denominator of liveborn infants different than in published paper due to exclusion of early fetal deaths (pregnancy losses) at 10–19 w (39 for type 1 diabetes, 60 for type
2 diabetes) in this table. Birth trauma defined as brachial plexus paralysis. Respiratory disorder undefined. Neonatal hypoglycemia defined as blood glucose <1.94 mmol/L
(<35 mg/dL). Hyperbilirubinemia defined as requiring phototherapy.
SOURCE: References are listed within the table.

without diabetes in 2005–2011 in Alberta,
Canada (see footnotes to Table 5.26 for
methods of comparison) (214).

Small-for-Gestational Age With
Maternal Diabetes
The use of customized birth weight charts
(adjusted for gestational age, infant
sex, maternal ethnicity, parity, and BMI
between 20 and 30 kg/m2) (13) may or
may not categorize more women with
diabetes as having infants with pathologic
growth (354). A population-based study
encompassing three regions of England in
2007–2008 used customized birth weight
percentiles and found that SGA <10th
percentile was seen in 6.8% of 793 cases
of maternal type 1 diabetes compared
to 12.9% of 543 cases of maternal type 2
diabetes (p<0.0005); no comparison was
made to standard population birth weight
percentiles (98).
In the North American population-based
and multicenter studies listed in Tables
5.26 and 5.27, using standard birth weight
charts, SGA was identified in 4.3%–9.7%
of total deliveries or liveborn infants (as
defined in the tables) in five studies in
North America of pregnant women with
undifferentiated preexisting diabetes
(115,203,208,214,248) (excluding one
outlier of 1.8% (213)); in 11.0% in one
survey of women with type 1 diabetes
in California (114); and in 4.75% (308)
and 12.8% (114) in two California surveys
of women with type 2 diabetes. Similar

results were reported in England (309),
West Ireland (88,108), and Australia (227),
with lower values in Sweden (276,277)
and slightly higher values in Japan (113)
(Tables 5.26 and 5.27). These prevalences
were not adjusted for such maternal
factors as hypertension, inadequate gestational weight gain, or current smoking. In a
statewide survey of births to women with
diabetes and/or hypertension in California
in 2006 (203), the frequency of SGA
was 9.7% with maternal pregestational
diabetes alone, 18.2% with both diabetes
and chronic hypertension, and 10.1% in
controls (adjusted OR 2.2, 95% CI 1.6–3.0
for the interaction vs. controls) (203).
In studies that included a reference
population, the effect sizes of pregestational diabetes on SGA prevalence were
adjusted odds ratio 0.65 (95% CI 0.55–
0.76) for 2,342 infants of diabetic mothers
in Alberta, Canada (214) and adjusted
odds ratio 0.7 (95% CI 0.6–0.9) for 5,020
infants of diabetic mothers in Sweden
(276). In another Swedish analysis, SGA
was recorded in 3.2% of 3,457 infants of
diabetic mothers in Sweden versus 10%
in 764,498 nondiabetic controls (p<0.001)
(277). Methods of comparison are given
in footnotes to Tables 5.26 and 5.27.
The tendency to fetal macrosomia with
maternal diabetes (shift to higher birth
weights) (355) may result in a lowered
percentage of birth weights below the
standard 10th percentile for gestational
age (<7% in 8 of 15 studies), which is

the definition of SGA (13). Whether
customized percentiles would change the
identification rate in a meaningful way
remains to be seen, and prospective trials
are needed.

Large-for-Gestational Age With
Maternal Diabetes
LGA or birth weight >4,000 g was much
more common in the infants of the
diabetic women in the population-based
or multicenter studies listed in Tables
5.26 and 5.27. That is, more common
compared to rates of SGA and more
frequent in these studies in comparison
to nondiabetic populations (214). In North
America, rates of LGA were 24.2%–35.0%
(115,208,214,248,308) except for two
unlikely outliers of 7.4% (213) and 8.1%
(203) for diabetes using a statewide database in California (Tables 5.26 and 5.27).
Birth weight ≥4,000 g was recorded in
11.7%–21.6% of North American infants of
diabetic mothers (114,115,208,248,308)
(vs. 7.4% in controls in Utah (115)) and
>4,200 g in 11.3% in Alberta, Canada (vs.
5.2% in controls) (214). The large KPNC
study recorded 7.0% of infants of diabetic
mothers as ≥4,500 g at birth (208)
compared to 6.0% in the NVSS sample of
diabetic women in 2009 (Table 5.23) (12).
In 10 listed data sets from other countries (93,100,108,113,226,227,276,
277,309,338), the frequency of LGA
in liveborn infants was 22.2%–61.2%
whether mothers had type 1 diabetes,
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type 2 diabetes, or undifferentiated
preexisting diabetes in pregnancy. The
rate was >40% in one-half of the studies
(93,100,226,277,338) (Tables 5.26 and
5.27). Rates of birth weight >4,500 g
were recorded in 7.8% of infants of type 1
diabetic women in Denmark (93) and 7.3%
in West Ireland (108); for infants of type 2
diabetic mothers, rates of birth weight
>4,500 g were 3.7% in England (309) and
9.1% in West Ireland (108). Achieving a
fetal LGA rate <30% in a population of
diabetic women is considered a marker
for improved control of hyperglycemia
and excess weight gain (108,115,308), as
long as it is not achieved by iatrogenic
prematurity or increased rates of SGA.
Despite improved preconception care and
glycemic control in West Ireland in 2010–
2014 compared to 2005–2009, the rate
of LGA increased somewhat from 25% to
29% (Table 5.26), perhaps related to significant increases in maternal obesity and
gestational weight gain (88).
For surveys that included controls, the
effect sizes on risk of LGA with maternal
diabetes were adjusted odds ratios 3.4
(95% CI 3.0–3.8) in California (203), 3.94
(95% CI 3.61–4.31) in Alberta, Canada
(214), and 11.4 (95% CI 10.6–12.4) in
Sweden (276), and odds ratio 4.91 (95%
CI 4.28–5.63) in Australia (227). Adjusted
odds ratios were 1.78 (95% CI 1.47–2.14)
for birth weight >4,000 g with type 1
diabetes in Ontario, Canada (210) and
2.11 (95% CI 1.86–2.40) for birth weight
>4,200 g with pregestational diabetes in
Alberta, Canada (214). The methods used
for comparison are given in the footnotes
to Tables 5.26 and 5.27.
Newborn macrosomia is associated
with increased neonatal and long-term
morbidities in infants of diabetic mothers
(353,356). In the national audit of pregnant women with type 1 diabetes in the
Netherlands in 1999–2000, macrosomia
was associated with more shoulder
dystocia and neonatal hypoglycemia
(100,345). In the Swedish national study
of births to women with type 1 diabetes
in 1998–2007, composite morbidity,
fetal distress coding, Apgar score <7 at 5
minutes, Erb’s palsy, clavicular fracture,
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acute respiratory disorder, and hyperbilirubinemia were significantly more common
in the LGA infants (but not neonatal
hypoglycemia; shoulder dystocia was not
coded) (277). What is uncertain is how
much of the morbidity relates to antepartum versus intrapartum processes.
The increasing proportions of LGA births
over time in the general population seem
to be related to increases in maternal
BMI, especially between pregnancies
(357). However, improved glycemic control
by nutrition therapy (and its correlates)
is known to reduce the rates of LGA in
women with mild diabetes, independently
of maternal size (358,359). In untreated
women with mild gestational glucose
intolerance, increased levels of maternal
BMI at baseline have been associated with
increased birth weight z-score and neonatal
fat mass, independent of maternal glucose
tolerance test levels (360).
Another measure of fetal overgrowth or
adiposity used in some studies of diabetes
and pregnancy is ponderal index (PI; birth
weight in grams per length in centimeters) (277). Investigators of the Swedish
Medical Birth Registry incorporated PI
>90th percentile with birth weight >90th
percentile to define neonatal overweight in
3,457 infants of type 1 diabetic mothers
and 764,498 controls (277). In this study,
neonatal overweight was recorded in
21% of infants of diabetic mothers with
maternal BMI 18.5–24.9 kg/m2 versus
3% in controls (adjusted OR 8.40, 95%
CI 7.32–9.64), in 24% with maternal BMI
25–29.9 kg/m2 versus 5% in controls
(adjusted OR 9.86, 95% CI 8.76–11.11),
and in 27% with maternal BMI >30 kg/m2
versus 8% in controls (adjusted OR 11.29,
95% CI 9.42–13.53) (p<0.016 for trend
in infants of diabetic mothers) (277). The
method used for comparison is given in
the footnote to Table 5.27.
In a subsequent rigorous assessment of
3,517 infants born to mothers with type 1
diabetes in the Swedish Birth Registry
in 1998–2007, 45.6% of the 1,734 LGA
infants had a PI >90th percentile (weight
for length) according to gestational age
and sex in comparison to the reference

population (874,620 liveborn singleton
infants) (338). Except for fetal distress
and Apgar scores <7 at 1 minute, there
was no significant difference in the risk
of adverse outcome between proportionate and disproportionate LGA infants
of diabetic mothers born preterm or at
term, including birth trauma (338). As
noted above, in this study, LGA infants
compared to AGA infants of type 1
diabetic mothers had significantly more
neonatal morbidities, including birth
trauma (8.8% vs. 2.5% of vaginally born
infants, p<0.001) (338). Although disproportionate LGA infants had fewer vaginal
deliveries (35% vs. 49%, NS), this potential bias disappeared in an adjustment
analysis. This implies that high birth
weight is the most important risk factor
for birth trauma (338). This result seems
to contradict a prior report from a regional
center in Ohio, in which asymmetric
growth (predicted by enlargement of the
fetal abdomen on two prenatal ultrasound
examinations in 35 patients with type 1
diabetes) correlated with increased rates
of neonatal hypoglycemia and hyperbilirubinemia; however, there was no
assessment of shoulder dystocia or birth
trauma (356).

VAGINAL DELIVERY WITH SHOULDER
DYSTOCIA AND BIRTH TRAUMA
Fetal macrosomia near term and at term
certainly increases the risk of shoulder
dystocia in deliveries of diabetic mothers
(361,362,363,364,365). The comorbidity
of maternal obesity may also contribute.
In population-based or multicenter
surveys reported since 2000 and listed
in Tables 5.19, 5.20, and 5.21, rates of
shoulder dystocia in vaginal deliveries
of diabetic women in North America
were 1.9% (210) and 2.5% (203) in two
data sets and 4.0%–6.4% in five data
sets (114,115,210,212,213), plus 9.4%
in Northern California (208) and 12.3%
in Alberta, Canada (214), in all types of
diabetes. The adjusted odds ratios versus
controls estimated in two large studies in
North America were 2.1 (95% CI 1.7–2.7)
in California (203) and 1.54 (95% CI 1.31–
1.81) in Alberta, Canada (214), as well
as 2.5 (95% CI 1.6–3.9) for 438 vaginal
births to women with type 1 diabetes in

Preexisting Diabetes and Pregnancy

Ontario, Canada (210). The methods used
for comparison are given in the footnotes
to Tables 5.19, 5.20, and 5.21.
Shoulder dystocia rates among vaginal
deliveries varied from 5.5% to 6.1% in two
studies (92,95) and 7.8% to 14.3% in three
other studies in Europe (100,108,276), as
well as 4.5% in Australia (227) and 2.2%
for type 1 diabetes in Japan (113) (227
vaginal births; 31.2% cesarean delivery
rate). Rates for type 2 diabetes were 2.4%
in West Ireland (108), 4.5% in Italy (95),
and 4.9% in Japan (113) (Table 5.21). An
outlier is the analysis based on claims
made to a national insurance registry in
South Korea, which recorded only 13
cases of shoulder dystocia among 15,746
vaginal deliveries of women with preexisting diabetes (221).

comparison given in footnotes to the
table): California (361), Norway (363), and
Sweden (364). In California, there were
175,886 vaginal births in 1992 at >300
hospitals; birth certificate records were
linked with hospital discharge records
for mother and for infant (361). The rates
of shoulder dystocia increased dramatically with increasing birth weight, and
at each birth weight category >3,749 g,
the rate was higher in diabetic women
(Table 5.28). Assisted delivery (adjusted
OR 1.94, p=0.0001) and induction of
labor (adjusted OR 1.27, p=0.0001) also
increased the risk of shoulder dystocia
in each birth weight category. Hispanic
patients were significantly less likely to
have a birth complicated by shoulder
dystocia (adjusted OR 0.84, p=0.0001)
(361).

Table 5.28 presents the frequency
or excess risk of shoulder dystocia
according to birth weight in diabetic and
nondiabetic women in three large data
sets devoted to the issue (methods of

In an analysis of the national Norwegian
registry of all births in 1967–2009, the
rates and risks of shoulder dystocia were
analyzed by birth weight group among
vaginal deliveries >31 weeks gestation

(363). For 11,188 diabetic women, the
rate of shoulder dystocia rose considerably once the level of fetal macrosomia
was reached (≥4,000 g) (Table 5.28). In
the diabetic women, the crude odds
ratios (with reference to birth weights
of 3,000–3,499 g) increased to 13.78
(95% CI 8.10–23.42) at birth weights
of 4,000–4,499 g and to 34.13 (95%
CI 19.82–58.71) at birth weights of
4,500–4,999 g (363). Shoulder dystocia
also varied with gestational age in diabetic
mothers: 2.2% for vaginal deliveries at
32–35 weeks (adjusted OR 2.9, 95%
CI 1.5–5.5) and 5.1% at 36–37 weeks
(adjusted OR 2.7, 95% CI 2.0–3.6). The
rate did not increase at 38–39 weeks,
probably due to practices of earlier deliveries or delivery by cesarean section (363).
In a national population-based study of
Swedish patients conducted in 1987–
1996, using the Medical Birth Registry
and ICD-9 codes, 1,397 patients with
shoulder dystocia (0.13%) were identified,
of whom 78 women had diabetes (5.6%

TABLE 5.28. Rates of Shoulder Dystocia by Birth Weight and Odds Ratios With Diabetes During Births to Diabetic and Nondiabetic Women
in Selected Regions

REGION, YEARS (REF.)
California, 1992 (361)†

Norway, 1967–2009 (363)§

Sweden, 1987–1996 (364)║

NUMBER OF
BIRTHS
175,886 vaginal
births of singleton
infants >3,500 g

Diabetes:
11,188
No diabetes:
2,003,768
1,076,545;
1,397 shoulder
dystocia cases, 78
with diabetes

PERCENT SHOULDER DYSTOCIA
BIRTH WEIGHT (g)
3,750–3,999
4,000–4,249
4,250–4,499
4,500–4,749
4,750–4,999
3,500–3,999
4,000–4,499
4,500–4,999
≥5,000
3,500–3,999
4,000–4,499
4,500–4,999
5,000–5,499

Diabetes*

No Diabetes

Unassisted / assisted‡ births
5.8 / 8.9
2.0 / 4.0
8.4 / 12.2
5.2 / 8.6
12.3 / 16.7
9.1 / 12.9
19.9 / 27.3
14.3 / 23.0
23.5 / 34.8
21.1 / 29.0
All vaginal births
2.2
0.4
7.0
1.8
15.7
5.8
31.8
15.1

ODDS RATIO (95% CI) FOR
SHOULDER DYSTOCIA WITH
DIABETES*
Total
adjOR 1.70
for birth weight >3,500 g

adjOR 2.23
(2.0–2.5)

5.90 (3.5–10.1)
3.81 (2.7–5.4)
2.40 (1.6–3.6)
1.79 (0.96–3.4)

CI, confidence interval; OR, odds ratios were adjusted (adj) for birth weight and operative delivery.
* Includes International Classification of Diseases, Ninth Revision, (ICD-9) codes for preexisting and gestational diabetes.
† Linked birth certificate records with hospital discharge records, statewide in California. Uncertain whether diabetes included gestational diabetes. Logistic regression was
used to evaluate the effect of diabetes on risk for shoulder dystocia; adjusted for parity, ethnicity, Medicaid insurance, birth weight 4,000–4,500 g, birth weight >4,500 g, and
assisted delivery. Confidence intervals were not presented in the article.
‡ Vacuum- or forceps-assisted births
§ National population-based Norwegian Medical Birth Registry study. Vaginal deliveries of singleton infants in cephalic presentation 32–42 weeks gestation were included; those
with missing gestational age or birth weight were excluded. Gestational age was determined by postmenstrual dates in 1967–1998 and by routine ultrasonography in 1999–
2009. Logistic regression was used to estimate the effect of diabetes on shoulder dystocia, adjusting for maternal age, parity, period of delivery, birthweight, induction of labor,
use of epidural analgesia at delivery, prolonged labor, and assisted delivery (forceps or vacuum).
║ All singleton deliveries at ≥2,000 g birth weight. Used information stored in the Medical Birth Registry of Sweden. Diagnoses were determined by ICD-9 codes. Odds ratios
were calculated with 95% confidence intervals, based on the normal approximation of the Poisson distribution. Risks may decrease with higher birth weights in the diabetic
group due to common use of primary cesarean section with predicted fetal macrosomia compared to nondiabetic women.
SOURCE: References are listed within the table.
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of shoulder dystocia cases) (364). There
was considerable variation in the rate of
recorded shoulder dystocia among the
63 delivery units throughout the country,
possibly reflecting difficulties in definition
of shoulder dystocia or experience in
handling high-risk pregnancies. Possibly
more severe cases of shoulder dystocia
were reported, since the frequency of
brachial plexus palsy (BPP) was high
at 26.3% (364). Shoulder dystocia
was related to short maternal stature:
140–159 cm, 0.19%; 160–169 cm,
0.14%; 170–179 cm, 0.09%; 180–195
cm, 0.04%. Overall, shoulder dystocia
was more likely with maternal diabetes
in all birth weight groups in the range
3,500–4,999 g (Table 5.28). The authors
noted that the greatest comparative likelihood of shoulder dystocia with diabetes
was at birth weight 3,500–3,999 g and
that when extreme macrosomia >5,000
g occurred, the association with diabetes
was no longer significant, perhaps due to
planned cesarean sections. The authors
also found that infant mortality among
infants delivered with shoulder dystocia
was higher with maternal diabetes (6.4%)
than without maternal diabetes (0.9%)
(prelabor intrauterine death excluded)
(364).
Most investigators agree that antepartum
ultrasonic prediction of fetal weight
related to risk of shoulder dystocia has
been difficult (365,366). Other investigators have looked for disproportion in
fetal size by ultrasonic means related to
shoulder dystocia: increased fetal abdominal circumference (AC) (367,368,369)
and increased ratio of AC to head
circumference (HC) (370,371,372,373).
These methods have not been applied in
epidemiologic studies of diabetic pregnant
women.
The denominator used to establish rates
of birth trauma varies among studies. Use
of percentage of total liveborn infants
reflects the fact that a small proportion of
injured infants are delivered by cesarean
section. However, many investigators use
percentage of liveborn infants delivered
vaginally.
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BPP (367,374,375,376,377,378) and
various other birth injuries have increased
risk in infants of mothers with all types
of diabetes compared to control infants
(367,379,380,381,382,383), a fact which
may contribute to the high cesarean
section rates for diabetic mothers listed in
Tables 5.19, 5.20, and 5.21. In an analysis of all births to 1,094,298 women in
California in 1994–1995, 1,611 (0.15%)
had the diagnosis of BPP recorded (379).
There was a significant association with
diabetes (gestational diabetes and pre
existing diabetes in pregnancy combined)
of crude odds ratio 1.9 (95% CI 1.7–2.1).
Among the diabetic women (number not
given), the apparent frequencies of BPP
were 0.6% for normal vaginal delivery of
infants at birth weight 3,500–4,500 g and
1.1% for assisted vaginal delivery. At birth
weights >4,500 g, the apparent frequency
of BPP was 3.7% for normal spontaneous
delivery of infants of diabetic mothers
compared to 7.8% for assisted vaginal
delivery (379).
A population-based retrospective
analysis of all deliveries in the Swedish
Medical Birth Registry found that the
adjusted odds ratio for the effect of
maternal diabetes (both manifest and
pregnancy-induced) on BPP was 2.4 (95%
CI 1.7–3.5). Other strong predictors were
birth weight of >4,500 g (adjusted OR
8.7, 95% CI 7.9–9.6) and operative vaginal
delivery (adjusted OR 3.4, 95% CI 3.1–3.8)
(380). In a regional study in Norway
covering 1991–2000, BPP was diagnosed
in 0.3% of 30,574 liveborn children who
survived >12 months compared to 1.8% of
227 infants of diabetic mothers (p<0.005);
the four cases of BPP were transient (382).
There is a strong link between shoulder
dystocia at delivery in large infants and
BPP (374,375,376,379,380,381,382).
The nationwide mean and standard error
of the incidence of neonatal BPP in the
United States was at least 1.51±0.02
cases per 1,000 live births in 1997, 2000,
and 2003 combined (376). In multivariate
analysis, shoulder dystocia had a 100
times greater risk for BPP, birth weight
>4,500 g had a 14 times greater risk for

BPP, and forceps delivery had a nine times
greater risk for injury (376).
Among 524 cases of shoulder dystocia
analyzed in San Francisco, California, in
1976–2001, the frequency of BPP was
6.5% (381). Although shoulder dystocia
was more frequent in women diagnosed
with preexisting diabetes (7.0%) or
gestational diabetes (3.9%) compared
to pregnancies without diabetes (1.7%)
(p=0.001), only gestational diabetes
had significant effect size or risk of BPP
(adjusted OR 4.54, 95% CI 1.40–14.7)
(381). Other significant risk factors for
BPP in the setting of shoulder dystocia
were maternal BMI ≥26 kg/m2 (adjusted
OR 4.79, 95% CI 1.53–15.0), birth weight
>4,000 g (adjusted OR 2.53, 95% CI
1.09–5.85), second stage of labor ≥3
hours (adjusted OR 3.05, 95% CI 1.07–
8.65), vacuum-assisted delivery (adjusted
OR 3.24, 95% CI 1.37–7.67), and occiput
posterior position at delivery (adjusted OR
10.43, 95% CI 3.03–35.9). There was no
analysis of possible interactions among
these risk factors (381).
The same authors then conducted
a retrospective cohort study of term
singleton births complicated by shoulder
dystocia in 1997–2006 in all of California
(383). During the 10-year period, 62,762
deliveries were complicated by shoulder
dystocia, with 3,168 reports of BPP
(5.0%). Among 5,426 cases of shoulder
dystocia in diabetic women (both gestational diabetes and preexisting diabetes
in pregnancy), there were 497 cases
of BPP (9.2%) versus 4.7% of births in
women without diabetes. The frequency
of BPP according to birth weight intervals was graphed for maternal diabetes:
~7% of shoulder dystocia cases at
3,500–3,999 g, ~9.5% at 4,000–4,599
g, ~14.5% at 4,500–4,999 g, and ~19.5%
at birth weight >5,000 g (383). Among
all cases of shoulder dystocia, the effect
size of diabetes on BPP was adjusted
odds ratio 1.77 (95% CI 1.58–2.00).
Other significant risk factors for BPP
were African American race (adjusted OR
2.39, 95% CI 2.05–2.78), birth weight
4,000–4,999 g (adjusted OR 2.95, 95% CI
2.48–3.50), birth weight 4,500–4,999 g
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(adjusted OR 5.35, 95% CI 4.45–6.43),
birth weight ≥5,000 g (adjusted OR 9.36,
95% CI 7.32–11.98), and operative vaginal
delivery (adjusted OR 1.67, 95% CI 1.52–
1.84) (383).
In a Medical Birth Registry study of
pregnancy outcomes for women with
type 1 diabetes in Sweden in 1998–2007
(1,773 singleton, normally formed liveborn
infants of diabetic mothers delivered
vaginally at 32–43 weeks), rates of birth
trauma were compared among AGA
infants (24/1,032 [2.3%]) and LGA infants
(61/741 [8.2%], p<0.001) (338). There was
no significant difference in the frequency
of birth trauma between proportionate
LGA and disproportionate LGA infants
with elevated PI (weight/height >90th
percentile) (338). Among the 24 cases of
birth trauma in the AGA infants delivered
vaginally, seven suffered BPP (0.68% of
vaginal births) and 20 had clavicle fracture
(1.94%) (note overlap); among 61 cases
of birth trauma in the LGA group, 30
infants had BPP (4.05%) and 37 had a
fractured clavicle (4.99%) (p<0.001 for
both types of trauma, comparing AGA to
LGA infants) (338). The differences in birth
trauma between AGA and LGA held after
adjustment for maternal BMI and height.
Cesarean delivery rates were 42% for AGA,
51% for proportionate LGA, and 65% for
disproportionate LGA (338).
In the population-based surveys or
multicenter studies of infants of women
with preexisting diabetes listed in Tables
5.26 and 5.27, the rates of birth trauma
(BPP and/or fractures) were 2.1% and
2.9% of vaginal deliveries (100,276) and
1.4%–3.75% of all liveborn infants of
diabetic mothers (95,208,227). Japan had
relatively low risks of shoulder dystocia
(3.74%) and BPP (0.56%) in vaginal deliveries of women with type 1 or type 2
diabetes in 2003–2009, as well as low
rates of cesarean section (36.5%), but BPP
occurred in three of 20 cases of shoulder
dystocia (113) (Tables 5.20, 5.21, and
5.27).
The question remains of the likelihood
of permanence of BPP in long-term
follow-up studies of affected children

(377,378,384,385), of which there are
few with maternal diabetes as a factor
(382,386). One prominent investigator of
the long-term outcomes of infants with
BPP noted that “the proportion of injuries
that remain permanent is significantly
lower among studies conducted by obstetricians (13%, 10%–17%, 55/419) than
pediatricians and orthopedic surgeons
(51%, 43%–58%, 86/170) (p<0.0001)”
(377). In Los Angeles, California, a
retrospective case-control analysis from
computer-stored databases identified 49
children with permanent BPP (≥1 year)
associated with shoulder dystocia and
compared them with an equal number
with transient BPP from a shoulder
dystocia database (386). Transient BPP
cases had a higher incidence of diabetes
(either insulin-dependent or non-insulindependent) than those with permanent
BPP (34.7% vs. 10.2%, OR 4.68, 95% CI
1.42–16.32) (386).
In one county in Sweden, in 1981–1989,
about 50% of all cases of BPP had
impairment at age 15 months, and 22%
had severe impairment (378). In a later
analysis in the same part of Sweden, 114
children born between 1999 and 2001
were diagnosed with obstetric BPP (0.29%
of 38,749 deliveries); of 98 children with
BPP followed to age 18 months, the
frequency of persistent palsy up to age 18
months was 18.4% (385). Another study in
western Sweden reported 16% of children
with BPP had residual functional deficits
at age 18 months, and downward traction
with substantial force at delivery of the
head was applied in all of these 18 cases
(375). In a regional study in Norway, of
91 newborns with BPP at 24 hours after
birth, at follow-up at 3 months to 3 years,
76 cases were transient (84%), and 15
were permanent (382). All four cases in
infants of diabetic mothers were transient
BPP. The main predictor of permanent
BPP was the difficulty with delivery and
associated newborn hypoxia. BPP can
also occur without shoulder dystocia
(382). Although high birth weight is a risk
factor for shoulder dystocia and for BPP,
it is not necessarily so for permanence of
BPP (377,378,382). It is unknown whether
infant neurologic injury that occurs in the

setting of maternal hyperglycemia is less
likely to resolve (383).
The use of “early” induction of labor
or “later” cesarean delivery to prevent
birth injury in infants of diabetic women
remains controversial (326,387,388). A
multicenter randomized controlled trial
of induction of labor (n=407) versus
expectant management (n=411) was
conducted in Europe in women with
singleton fetuses whose estimated fetal
weight exceeded the 95th percentile by
37–38 completed weeks gestation (389).
Induction of labor significantly reduced
the risk of shoulder dystocia or associated
morbidity (n=8) compared with expectant
management (n=25) (RR 0.32, 95% CI
0.15–0.71) (389). No cases of brachial
plexus injury, intracranial hemorrhage, or
perinatal death were recorded. Rates of
cesarean delivery and neonatal morbidity
did not differ significantly between the
groups (389). These results echo those
of an earlier randomized controlled trial
in Los Angeles in insulin-treated pregnant
women at term (85% gestational diabetes)
(390) and two observational comparative
studies done in San Antonio (391) and
Israel (392) in women with gestational
diabetes. Similar randomized controlled
trials are lacking in women with type 1 or
type 2 diabetes.

MAJOR CONGENITAL
MALFORMATIONS
The increased risk of major congenital
malformations associated with poor
glycemic control of type 1 and type 2
diabetes is well established (71,72,73,74).
This relationship, other possible risk
factors, and the role of preconception
care of diabetes continued into early
pregnancy are discussed in the section
Preconception Care of Diabetes and
Contraception.
For major congenital malformations, most
authors of diabetes surveys use the defin
ition of nonchromosomal, nonsyndromic
major malformations (single or multiple in
same infant) that cause death or seriously
affect the health of the child (13). The use
of genetic investigations and investigation of gene-environment interactions to
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characterize fetal losses or malformations
has not been standardized (393,394,395)
and has been hardly applied to the study
of diabetic pregnancies. Investigations
of maternal-fetal gene interactions
associated with glucose homeostasis
and obesity metabolism (396,397) and
nutrient intake (139,140,141,142) should
be adapted to epidemiologic studies of
infants and diabetic mothers.
The denominator used to establish rates
of congenital malformations varies among
studies. Ideally, the denominator should
be all pregnancies from their onset
through 1-year follow-up of the infant
after birth. It is difficult to determine
malformations in spontaneous abortions
and pregnancy terminations, unless diagnosis was predicted by ultrasonography
prior to the pregnancy loss. Most studies
of malformations in infants of diabetic
mothers do not account for abortions,
whether spontaneous, elective, or indicated. Use of percent total births beyond
a defined gestational age accounts for
the fact that congenital malformations
can be predicted or diagnosed in stillborn
infants, but many investigators have used
percentage of liveborn infants, diagnosed
in surviving or dying infants within a
stated range of neonatal (within 1 week or
within the first 28 days of life) or postneonatal life (within the first year).
In an early population-based case-control
study based in Atlanta, Georgia, the relative risk for major malformations among
infants of mothers with type 1 diabetes
was 7.9 (95% CI 1.9–33.5) for 1968–1980
(398). In this study, the relative risks for
major central nervous system and cardiovascular system defects were 15.5 (95%
CI 3.3–73.8) and 18.0 (95% CI 3.9–82.5),
respectively. A case-control analysis using
linked birth-hospital discharge records in
Washington State in 1987–2007 found
increased risk of congenital urinary tract
anomalies with maternal preexisting
diabetes (OR 3.46, 95% CI 2.17–5.54)
(399). A population-based case-control
study in Manitoba, Canada, confirmed a
significant association of maternal pregestational diabetes (adjusted OR 1.67, 95%
CI 1.14–2.46) with congenital anomalies
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of the kidney and urinary tract in children
between 1996–1997 and 2009–2010
(400).
A large U.S. multicenter case-control
study of malformations conducted in
1997–2003 yielded 283 major malformations in infants of mothers with type 1
or type 2 diabetes and 12,747 in women
without preexisting diabetes, but including
gestational diabetes (660 major malformations) (National Birth Defects Prevention
Study) (401). The study included terminations of pregnancy. Adjusted odds ratios
for women with pregestational diabetes
versus 4,895 control subjects for all
isolated and multiple defects were 3.17
(95% CI 2.20–4.99) and 8.62 (95% CI
5.27–14.10), respectively. Models were
adjusted for maternal age, race/ethnicity,
entry into prenatal care, BMI, study center,
and household income (401). The study
also revealed pregestational diabetesassociated adjusted odds ratios of 2.34
(95% CI 1.44–3.81) for isolated noncardiac defects and 7.80 (95% CI 4.66–
13.05) for noncardiac multiple defects.
The exposure odds were especially high
for bilateral renal agenesis/hypoplasia (OR
11.91, 95% CI 3.10–45.72), hydrocephaly
(OR 8.80, 95% CI 3.39–22.84), and for
anorectal atresia (OR 4.70, 95% CI 1.55–
14.26) (401).
The pregestational diabetes-associated
adjusted odds ratio for isolated cardiac
malformations was 4.64 (95% CI
2.87–7.51) and was 10.77 (95% CI
6.23–18.62) for multiple anomalies with
cardiac defects (401). The exposure odds
were especially high for atrial ventricular
septal defect (VSD; OR 12.36, 95% CI
3.68–41.49), right ventricular outflow
tract associations (OR 9.61, 95% CI 3.53–
26.15), total anomalous pulmonary venous
return (OR 7.12, 95% CI 1.99–25.42),
atrial septal defect (ASD) secundum
(OR 8.47, 95% CI 4.37–16.42), VSD plus
ASD (OR 5.83, 95% CI 2.48–13.70), and
for tetralogy of Fallot (OR 4.89, 95% CI
2.18–10.95) (401). Analyses explored the
independent and joint effects of prepregnancy BMI and preexisting diabetes and
showed that the association between
preexisting diabetes and “birth defects is

consistent, irrespective of maternal BMI,
for both isolated and multiple defects”
(401). The preexisting diabetes-associated
exposure adjusted odds ratios for all
major malformations were 3.50 (95% CI
1.68–7.30) for diabetic women of average
weight, 5.44 (95% CI 1.97–15.05) for
overweight diabetic women, and 5.28
(95% CI 2.76–10.10) for obese diabetic
women. The study had no information on
measures of glycemic control (401).
The overall rates of major malformations
in surveys of pregnancies complicated by
preexisting diabetes reported since 2000
in Canada were 9.4% for liveborn infants
of mothers with type 1 diabetes (adjusted
OR 2.38, 95% CI 2.20–2.57) and 9.3%
(adjusted OR 2.31, 95% CI 2.16–2.47) for
type 2 diabetes in 2002–2013 (219), 9.1%
of births for preexisting diabetes (adjusted
OR 3.10, 95% CI 2.28–4.22) in Nova
Scotia in 1988–2002 (249), and 3.5%
of births for type 1 diabetes (adjusted
OR 1.71, 95% CI 1.03–2.82) in Ontario
in 2005 (210) (Table 5.29). The details of
these studies are given in the footnotes
to Table 5.29. None of these studies
included terminations of pregnancy for
birth defects.
The national U.S. survey of insurance
health claims in 2006–2011 (liveborn
infants ≥24 weeks) reported diabetesassociated relative risks of 1.92 (95% CI
1.50–2.47) for all major malformations in
type 1 diabetes and 1.84 (95% CI 1.68–
2.01) in type 2 diabetes (54). Subjects
needed to have continuous health plan
enrollment ≥21 months before and 3
months after the birth. The relatively high
rate of major congenital malformations in
this survey (11.4% for 482 cases of type 1
diabetes, 10.9% for 4,166 cases of type 2
diabetes, and 5.9% for 353,599 controls)
may be related to exclusion of a large
amount of records from all groups due to
unknown outcomes and a greater propensity of women to submit health insurance
claims with complicated pregnancies (54).
More surveys of women with preexisting
diabetes have been reported in Europe
since 2000. These studies are presented
on the background of analysis of the
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TABLE 5.29. Types and Prevalence of Major Congenital Malformations (Nonchromosomal, Unless Noted) in Infants of Women With
Undifferentiated Preexisting Diabetes Mellitus in Pregnancy, Type 1 Diabetes, or Type 2 Diabetes, Population-Based Surveys in North
America, 1993–2013

REGION, YEARS
(REF.)
United States,
2005–2011 (54)†

NUMBER OF
PDM BY TYPE
OF DIABETES,
GESTATIONAL
AGE
Type 1: 482‡

GROUPS OF TYPES OF MALFORMATIONS
NUMBER OF CASES (PERCENT OF INFANTS) VERSUS (PERCENT IN CONTROLS)
AND EFFECT SIZE (95% CI)
Major
Congenital
Anomalies
55 (11.4)‡
cRR 1.92
(1.50–2.47)

Cardiovascular*
Cardiac
38 (7.9)
cRR 2.61
(1.93–3.55)

Central Nervous
System or Neural

Musculoskeletal
System

Digestive
System

Urogenital

1 (0.2)
cRR 1.25
(0.18–8.90)

1 (0.2)
cRR 0.31
(0.04–2.19)

Alimentary
1 (0.2)
cRR 0.68
(0.10–4.79)

Genital
4 (0.8)
cRR 1.71
(0.64–4.55)

Digestive
NR

Urinary
3 (0.6)
cRR 0.98
(0.32–3.02)

Alimentary
16 (0.4)
cRR 1.25
(0.76–2.05)

Genital
24 (0.6)
cRR 1.19
(0.80–1.78)

Digestive
11 (0.3)
cRR 2.19
(1.21–3.98)
Ear, nose, throat
5 (1.0)
vs. (0.2)
RR 4.0
(1.7–9.5)

Urinary
28 (0.7)
cRR 1.05
(0.73–1.53)
Genitourinary
3 (0.6)
vs. (0.4)
RR 1.3
(0.4–4.1)

Circulatory
17 (3.5)
cRR 2.35
(1.47–3.75)
Type 2: 4,166‡

454 (10.9)‡
cRR 1.84
(1.68–2.01)

Liveborn
≥24 w
Nova Scotia,
Canada, 1988–
2002 (249)§

Ontario, Canada,
2005–2006
(210)║

PDM: 516
Singleton
pregnancies
>19 w

47 (9.1)
vs. (3.1)
adjOR 3.10
(2.28–4.22)

1988–1995: 256

21 (8.2)
vs. (3.0)

1996–2002: 260

26 (10.0)
vs. (3.1)
32 (3.5)
vs. (1.9)
adjOR 1.71
(1.03–2.82)

Type 1: 904

Type 2: 516

Canada, 2002–
2013 (219)¶

All deliveries
≥20 w
Type 1#

Type 2#

Cardiac
272 (6.5)
cRR 2.17
(1.93–2.43)
Circulatory
172 (4.1)
cRR 2.75
(2.37–3.19)
25 (4.8)
vs. (0.8)
RR 6.4
(4.3–9.4)

13 (0.3)
cRR 1.89
(1.09–3.27)

7 (1.4)
vs. (0.2)
RR 7.4
(3.5–15.7)

31 (0.7)
cRR 1.11
(0.78–1.58)

14 (2.7)
vs. (1.1)
RR 2.5
(1.5–4.3)

4

2

4

2

Hypospadias
6 (1.2)
vs. (0.4)
RR 2.8
(1.3–6.2)
1

9 (1.7)
adjOR 1.0
(0.41–2.43)

2

0

0

0

0

(9.37)
vs. (4.17)
adjOR 2.38
(2.20–2.57)

(4.74)
vs. (0.75)
adjOR 6.55
(5.89–7.29)

(0.53)
vs. (0.15)
adjOR 3.48
(3.55–4.76)

(1.76)
vs. (1.78)
adjOR 0.99
(0.84–1.18)

(0.47)
vs. (0.16)
adjOR 3.06
(2.20–4.25)

(2.07)
vs. (1.09)
adjOR 1.92
(1.64–2.45)

(9.33)
adjOR 2.31
(2.16–2.47)

(4.12)
adjOR 5.35
(4.83–5.89)

(0.59)
adjOR 3.85
(2.97–4.99)

(2.60)
adjOR 1.49
(1.32–1.69)

(0.40)
adjOR 2.41
(2.76–3.29)

(2.03)
adjOR 1.85
(1.61–2.13)

Liveborn
≥22 w or ≥500 g
Table includes population-based studies reported in 2000–2015. Numbers in rows do not add up to total malformations due to types of malformation uncharted here. AdjOR,
adjusted odds ratio; CI, confidence interval; cRR, crude or unadjusted relative risk; ICD-9/10, International Classification of Diseases, Ninth/Tenth Revision; NR, not reported;
PDM, preexisting diabetes mellitus in pregnancy, undifferentiated; RR, relative risk; w, weeks gestation.
* Includes major circulatory malformations.
† Retrospective claims analysis from a national market scan database; participants age 18–45 years with ascertainable preexisting type 1 or type 2 diabetes status (yes/no) from
ICD-9 codes, with continuous health plan enrollment >20 months before and at least 3 months after birth. Excluded miscarriages up to 24 w. Multiple pregnancies included.
Controls were 353,599 births with no diabetes, included for nonadjusted comparisons. ICD-9 codes used to define major malformations, based on insurance claims filed within
at least 3 months after birth. Many incomplete records excluded in diabetic and control groups due to no indication of outcomes (may increase the apparent rate of malformations, including in the control population [5.9%]).
‡ Rates of major malformations and denominators may be biased due to exclusion of 298 liveborn records from women with type 1 diabetes and 2,449 liveborn records from
women with type 2 diabetes, due to unknown outcomes (also excluded 231,531 nondiabetic controls with unknown outcomes).

Table 5.29 continues on the next page.
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TABLE 5.29. (continued)
§ Population-based study using the Nova Scotia Atlee Perinatal Database (11 maternity units throughout the province; 96% white population) which included 150,589 infants
of nondiabetic mothers as controls and excluded multiple pregnancies, gestational diabetes, and infants whose gestational ages or birth weights were unknown. The authors
did not have access to data concerning pregnancies resulting in loss or termination before 20 w, even if associated with major malformations. Major congenital anomaly was
defined as lethal, life-shortening, life-threatening, required major surgery, or affecting in a significant way the quality of life. The definition included chromosomal abnormalities.
Infant death followed up to 1 year of life, but it was unclear when diagnoses of major anomalies were made. Many infants were counted more than once in the rows due to
multiple anomalies in same infant. The category musculoskeletal anomaly included three cases of caudal regression (RR 219). The category central nervous system included
one case of spina bifida (RR 17). Odds ratio was adjusted for maternal age and smoking. Outcomes reaching statistical significance on univariate analysis were entered into a
backward conditional regression to obtain adjusted relative risks.
║ Data source from the 2005–2006 fiscal year of the administrative Ontario Niday Perinatal Database, a branch of the provincial Perinatal Surveillance System Web-based data
entry by 72 participating hospitals; diagnoses extracted by codes unique to the database, which included singleton and multiple gestations and pregnancies with preexisting
hypertension and nephropathy. Gestational age of anomalies undefined, including length of follow-up of infant; percentage in authors’ table 2 would indicate n=32 for type 1
diabetes, but table 3 shows only 15 cases, including one of trisomy 21; text referring to that table indicates exclusion of cases of spontaneous or therapeutic terminations of
pregnancy (<20 w) that occurred as a result of a congenital malformation. Excess risks of outcomes calculated by unconditional logistic regressions, using 115,996 pregnancies
without maternal complications (including gestational diabetes) as controls; odds ratios adjusted for maternal age, region of residence, smoking, parity, multiple birth, use of
assisted reproductive technology, attendance at a first trimester visit, and type of antenatal provider.
¶ Liveborn infants (n=2,839,680) in the national Discharge Abstract Database (excluding Quebec). Information previously validated. Mother-newborn records linked. Type 1 or
type 2 diabetes and congenital malformations were determined by ICD-10 codes.
# N of diabetes or malformation cases was not given in report, but prevalence of type 1 diabetes was 0.27% in 2002–2003 and 0.28% in 2012–2013. Prevalence of type 2
diabetes increased from 0.19% in 2002–2003 to 0.47% in 2012–2013 (p<0.0001). Adjusted odds ratios with 95% confidence intervals were estimated for the association
between prepregnancy diabetes and congenital anomalies, using multivariate logistic regression, adjusting for maternal age, parity, and the year of delivery. Etiological contribution of PDM to overall congenital malformations increased between 2002–2003 and 2012–2013: the annual population attributable risk percentage rose from 0.6% (95% CI
0.4%–0.8%) in 2002–2003 to 1.2% (95% CI 0.9%–1.4%) in 2012–2013, because the prevalence of PDM increased, while the relation between PDM and congenital malformations rose only slightly.
SOURCE: References are listed within the table.

prevalence of congenital anomalies in all
births in 22 countries in Europe during
2003–2007 (402). EUROCAT is a network
of population-based registers, with a
common protocol and data quality review
(402). In the general population, the
prevalence of major congenital anomalies was 2.4%; of these, 17.6% of cases
were terminations of pregnancy following
prenatal diagnosis, 2.0% were stillbirths or
fetal deaths from 20 weeks gestation, 80%
were livebirths, and 2.5% of livebirths with
congenital anomaly died in the first week
of life (402). The prevalence of chromosomal anomalies was relatively low (0.36%
of all births), but they contributed heavily
to 48% of terminations for major malformations and to 28% of fetal deaths with
congenital anomaly from 20 weeks gestation. For the 85% of major anomalies that
were coded as nonchromosomal, congenital heart defects were the most common
(0.65% of all births), followed by limb
defects (0.38% of all births), anomalies
of the urinary system (0.31% of all births),
and nervous system defects (0.23% of all
births) (402).
In the surveys of diabetic pregnancies in
Europe, the rates of major malformations
were widely distributed (Table 5.30):
7.2%–9.5% for mothers with undefined
preexisting diabetes or type 1 diabetes in
three surveys (99,303,403), 4.0%–6.0%
in six others (92,93,94,95,302,304,404),
and as low as 2.2% in a multicenter study
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in Dublin (229) and 3.0% in a population-based study in North Italy (405). In
South Australia, in 1986–2000, the
overall rate of malformations in fetuses
of women with preexisting diabetes was
10.1% compared to 5.1% in the reference
population (includes some minor anomalies; adjusted RR 1.91, 95% CI 1.58–2.31;
children followed to age 5 years) (406).
The assessment of malformation rates
seen in Tables 5.29 and 5.30 is influenced by whether investigators included
late spontaneous abortions, pregnancy
terminations, and stillborn infants with
malformations (study details in the footnotes to the tables), as well as the length
of follow-up of liveborn infants to 1 year of
life or more (99,406).
There were fewer datasets for infants
of mothers with type 2 diabetes: 2.1%
major malformations in a multicenter
study in Italy (95), 4.3% in the United
Kingdom (302), 5.5% in North England
(99), and 9.9% in the West Midlands of
England (309). In Japan in 2003–2009,
major congenital malformations were
found in 4.6% of 367 liveborn infants of
mothers with type 1 diabetes compared
to 4.1% in 577 infants of mothers with
type 2 diabetes (113). Of the surveys
including nondiabetic women, the effect
sizes for major malformations were
relative risk 1.5 in Dublin, Ireland (229),
relative risk 1.7 (95% CI 1.3–2.2) in
Denmark (93), adjusted relative risk 1.91

(95% CI 1.58–2.31 in South Australia
(406), adjusted odds ratio 2.04 (95% CI
1.60–2.59) in Norway (404), adjusted
prevalence odds ratio 2.1 (95% CI 1.5–3.1)
in Hungary, and relative risk 3.8 (95% CI
3.2–4.5) in North England (99) (Table
5.30).
Table 5.30 also shows the effect sizes
of risk for groups of types of major
malformations associated with maternal
diabetes compared to controls in Europe
and Australia. As in a large data set
from Canada (excluding Quebec) (219)
and one from Nova Scotia, Canada
(249) (Table 5.29), significantly elevated
relative risks or adjusted odds ratios
were seen for cardiovascular system
(99,302,404,405,406,407), central
nervous system or neural (99,302,406),
musculoskeletal (99,405), digestive
system (99), and urogenital malformations
(99,405,406,407) (Table 5.30).
Other studies provided the frequency of
each of the type-groups of malformations
in a reference population without a test
for effect size (303,309,403). Some of
these studies also show increased rates
for cardiovascular system (303,309,403),
urogenital (303), orofacial clefts (218,403),
and limb malformations (99,403,405,406).
The few studies that consider them show
that multiple nonsyndromic malformations in the same infant are significantly
more common in the setting of maternal
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TABLE 5.30. Types and Prevalence of Major Congenital Malformations (Nonchromosomal, Except as Noted) in Infants of Women With
Undifferentiated Preexisting Diabetes in Pregnancy, Type 1 Diabetes, or Type 2 Diabetes, Population-Based or Multicenter Studies in Europe
and Australia, 1993–2013

REGION, YEARS
(REF.)
Northwest
England, 1995–
1999 (303)‡

United Kingdom,
2002 (302)§

West Midlands,
England, 1990–
2002 (309)║

North England,
1996–2008 (99)¶

GROUPS OF TYPES OF MALFORMATIONS
NUMBER OF CASES (PERCENT OF INFANTS) VERSUS (PERCENT IN CONTROLS OR
REFERENCE POPULATION) AND EFFECT SIZE (95% CI)

NUMBER OF
PDM BY TYPE
OF DIABETES,
GESTATIONAL
AGE

Major
Congenital
Malformation

Cardiac*†

Type 1: 547 from
first trimester

48 (8.78)
vs. (2.42)

15 (3.2)
vs. (0.075)

72 miscarriages
16 terminations
14 stillbirths
451 live births
(6 pairs of twins)
Type 1: 1,706

2
4
4
38
81 (4.7)

33 (1.9)

11 (0.6)

15 (0.9)

1 (0.06)

9 (0.5)

Type 2: 650

28 (4.3)

9 (1.4)

4 (0.6)

4 (0.6)

2 (0.3)

1 (0.15)

from first trimester

Total
adjPR 2.2
(1.8–2.6)

Total
adjPR 3.4
(2.5–4.6)

Total
adjPR 2.7
(1.5–4.4)

Total
adjPR 1.4
(0.8–2.1)

Total
adjPR 0.8
(0.2–2.5)

Total
adjPR 1.2
(0.6–2.2)

4.6% of all
PDM
18 (9.9)
vs. (0.85)

8 (4.8)
vs. (0.075)

44 (2.6)
vs. (0.7)
RR 3.6
(2.7–4.8)

16 (1.0)
vs. (0.2)
RR 5.0
(3.0–8.1)

3 (0.2)
vs. (0.014)
RR 13.0
(4.1–41.5)

10 (0.6)
vs. (0.1)
RR 5.7
(3.0–10.6)

Urinary:
12 (0.7)
vs. (0.2)
RR 2.9
(1.7–5.2)

9 (0.5)
vs. (0.1)
RR 4.9
(2.5–9.4)

4

3

1

1

7

3

2

2

1

1/17

6

3

1

4

Type 2: 182 from
first trimester
16 miscarriages
3 terminations
2 stillbirths
161 live births
PDM: 1,677
(Type 2: 363)

Central
Nervous
System or
Neural*

Musculoskeletal
System*

Digestive
System*

Urogenital*

Multiple
Anomalies*

Renal:
10 (2.15)
vs. (0.06)

Total
23/109;
21.1% of
PDM with
anomalies

1
2
15
120 (7.2)
vs. (1.9)
RR 3.8
(3.2–4.5)
Type 1: 100
(7.7)

Scotland, 1998
(304)#

Scotland, 1998–
1999, 2003–2004
(94)**
Dublin, Ireland,
1995–2006
(229)††
Netherlands, 1999
(100)‡‡

Type 1: 276 fetuses
236 from first
trimester
Type 1: 423

Type 2: 20
(5.5)
11 (4.0)

359
≥24 w
Type 1: 511
≥24 w

17 (4.6)
7 terminations
10 births
≥24 w
11 (2.2)
RR 1.5

Type 1: 328

18 (5.5)

8

3

61 (4.9)
vs. (2.8)
RR 1.7
(1.3–2.2)

14

2

324 infants
>24 w

Denmark, 1993–
1999 (93)§§

4 terminations for
anomaly
Type 1: 1,246
births
≥24 w
3 terminations

6

4

Table 5.30 continues on the next page.
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TABLE 5.30. (continued)

REGION, YEARS
(REF.)
Sweden, 1987–
1997 (403)║║
Norway, 1999–
2004 (404)¶¶

Hungary, 1980–
1996 (407)##

Italy, 1999–2003
(95)***

North Italy, 1997–
2010 (405)†††

South Australia,
1986–2000
(406)‡‡‡

NUMBER OF
PDM BY TYPE
OF DIABETES,
GESTATIONAL
AGE
PDM: 3,864

GROUPS OF TYPES OF MALFORMATIONS
NUMBER OF CASES (PERCENT OF INFANTS) VERSUS (PERCENT IN CONTROLS OR
REFERENCE POPULATION) AND EFFECT SIZE (95% CI)
Major
Congenital
Malformation

369 (9.5)
vs. (3.7) in Med
Birth Registry
Type 1: 1,583
91 (5.7)
>11 w
vs. (2.9)
adjOR 2.04
(1.60–2.59)
case-control study
63 PDM in
22,843 cases;
50 PDM
in 38,151
controls
adjPOR 2.1
(1.5–3.1)

Cardiac*†

Central
Nervous
System or
Neural*

133 (3.44)
vs. (1.05)

8 (0.21)
vs. (0.2)

45 (1.16)

70 (1.81)

27

22 (0.57)
vs. (0.26)

51
adjOR 3.5
(2.7–4.7)

4

10

2

8

7/91

20
adjPOR 3.4
(2.0–5.7)

Neural tube: 3
adjPOR 1.9
(0.6–6.2)

Renal
dysgenesis: 2
adjPOR 14.8
(3.5–62.1)

9
adjPOR 5.0
(2.4–10.2)

Musculoskeletal
System*

Digestive
System*

Urogenital*

Type 1: 469

28 (6.0)

11

3

4

Obstructive: 3
adjPOR 4.3
(1.3–13.9)
8

Type 2: 144

3 (2.1)

2

0

0

0

68 (3.0)
vs. (1.68)

23 (1.01)
vs. (0.53)
adjPR 1.93
(1.19–3.13)

0
vs. (0.04)

18 (0.8)
vs. (0.3)
adjPR 2.35
(1.33–4.12)

4 (0.18)
vs. (0.17)

13 (0.57)
vs. (0.29)
adjPR 1.97
(1.03–3.76)

96 (10.1)
vs. (5.1)
adjRR 1.91
(1.58–2.31)

23 (2.4)
vs. (0.9)
RR 2.84
(1.89–4.26)

3 (0.3)
vs. (0.1)
RR 3.16
(1.02–9.85)

18 (1.9)
vs. (1.4)
RR 1.34
(0.85–2.12)

4 (0.4)
vs. (0.4)

30 (3.2)
vs. (1.4)
RR 2.34
(1.64–3.33)

>180 days
PDM: 2,269
cohort and casecontrol study;
uncertain
gestational age
PDM: 946
>19 w

Multiple
Anomalies*

8 (0.35)
vs. (0.19)
adjPR 1.88
(0.83–4.26)

Table includes population-based or multicenter studies reported in 2000–2015. “Multiple” indicates in the context of other abnormalities. AdjOR, adjusted odds ratio; adjPOR,
adjusted prevalence odds ratio; adjPR, adjusted prevalence ratio; BMI, body mass index; EUROCAT, European Surveillance of Congenital Anomalies; ICD-9/10, International
Classification of Diseases, Ninth/Tenth Revision; IDM, infant of diabetic mother; PDM, preexisting diabetes mellitus in pregnancy, undifferentiated; RR, unadjusted or adjusted
relative risk; w, weeks gestation.
*
Number represents specific congenital malformations among all major malformations. Numbers in rows do not add up to total malformations due to other types of malformations uncharted here or to infants with multiple malformations counted more than once.
†
Includes major circulatory malformations.
‡
Multicenter, including 10 maternity units in Cheshire, Lancashire, and Merseyside. Congenital malformations were classified according to EUROCAT criteria. Among liveborn
male IDM, the malformation rate was 9.05% (95% CI 5.36%–12.74%) compared with female liveborn IDM at 7.76% (95% CI 4.22%–11.31%). Reference population was all
births as detected by the congenital anomaly survey of Merseyside and Cheshire. Rates of cardiovascular and renal abnormalities expressed as percentage of live births plus
stillbirths (n=465) and comparisons made with the national reported rates (Office of Population Census and Surveys: 1990 Congenital Malformation Statistics).
§
National population-based pregnancy cohort from 231 maternity units in England, Wales, and Northern Ireland. Coded confirmed (by postmortem findings, genetic results,
or correspondence) major anomalies according to the classification system used by EUROCAT (6 of 109 offspring with anomalies were chromosomal; offspring included fetal
losses after 20 w and terminations of pregnancy at any gestational age). Calculated the congenital anomaly rate as the number of offspring with one or more major anomalies divided by the number of livebirths and stillbirths. Urogenital anomalies here are of the internal urogenital system. 65% of all anomalies diagnosed antenatally. Compared
the numbers of observed major anomalies with expected numbers based on age-specific rates for 2002 reported to EUROCAT, adjusted for the maternal age distribution in
this study. Used the Poisson distribution to obtain the exact 95% confidence intervals for the prevalence ratios.
║ Multicenter, from five maternity units in a defined area of the West Midlands. Includes miscarriages, terminations of pregnancy <20 w, live births, and stillbirths. Congenital
abnormalities undefined. One miscarriage with Klinefelter syndrome; includes two terminations for diaphragmatic hernia and for severe neural tube defect. Of 15 liveborn
IDM with malformations, two had neonatal deaths due to congenital heart disease, and two had post-neonatal deaths due to congenital heart disease or osteogenesis imperfecta. Total recorded pregnancy loss rate due to congenital anomalies in 182 type 2 diabetic women was 3.85%. Reference population was national data published by the
Office for National Statistics.
¶
The Northern Diabetes in Pregnancy Survey recorded data on all singleton pregnancies in 1996–2008 resulting in live birth, stillbirth ≥24 w, late fetal loss at 20–23 w, and
terminations of pregnancy for fetal anomaly at any gestational age. Included women with diabetes diagnosed at least 6 months prior to the index pregnancy, and excluded
gestational diabetes. Diabetes and pregnancy registry data were linked to data on congenital anomalies diagnosed up to age 12 years in the registry of the Northern
Congenital Anomaly Survey. Major congenital anomalies were coded according to ICD-10 and categorized using EUROCAT criteria by group (the system affected), subtype
(the individual disorder), syndrome (patterns of anomalies arising from a single cause, e.g., genetic), skeletal dysplasias (syndromes of skeletal development), sequences
(patterns of anomalies arising from a prior anomaly or a mechanical factor), associations (recognized patterns of anomalies of unknown cause), and chromosomal anomalies
(see authors’ table 3). Cases were classified as multiple anomalies if they had two or more unrelated anomalies across separate organ systems. Individuals with several
anomalies from the same organ system were included in that group but not classified by subtype. A congenital anomaly was classified as isolated if it occurred alone or if all
coexisting anomalies were commonly associated secondary anomalies. Only isolated or multiple nonchromosomal malformations are included in the table above. Among
the other categories, only the sequence group (caudal dysplasia sequence, sirenomelia, and partial urorectal septum malformation sequence; RR 12.0, 95% CI 5.6–25.6)
and the laterality syndrome (RR 57, CI 23–139) were highly associated with maternal diabetes. Chromosomal anomalies recorded in 0.54% of diabetic women, similar to
controls. Pregnancy terminations occurred in 18% of diabetic pregnancies affected by anomalies. Elevated A1c progressively predicted risk of malformation, which was also
increased with diabetic nephropathy. Control population data (women without diabetes in the same region and years; n=399,472) on live and stillbirths, late fetal losses,
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TABLE 5.30. (continued)
and pregnancy terminations were obtained from the U.K. Office for National Statistics. Prevalence rates of congenital anomaly by group were compared by calculating the
relative risk, and 95% confidence intervals for prevalence rates were calculated using exact methods. Heterogeneity of relative risks between anomaly groups was examined
using Cochran’s Q test.
#
A 1-year audit of type 1 diabetes in Scotland in April 1998 through March 1999, including pregnancies ending in miscarriage (n=40), in termination (n=20, including n=6 for
antenatally detected fetal anomalies), stillbirth (n=4), and liveborn infants, including three sets of twins (n=212).
** Combines data from national audits in April 1998 through March 1999 and April 2003 through March 2004. Here excluded cases of twins; repeat pregnancies in the same
woman; miscarriages; induced abortions, except for seven because of detection of fetal anomaly; and two author-listed cases of Patau syndrome and trisomy 21.
†† Data from three university hospitals covering the Dublin metro area, including 142,498 control nondiabetic pregnancies.
‡‡ Repeated questionnaire survey throughout pregnancy of 364 patients with type 1 diabetes in 118 hospitals from April 1, 1999 through March 2000. Excluded 23 women
due to early spontaneous abortion, 16 due to diagnosis of type 2 diabetes, four cases of late fetal loss <24 w, one maternal death at 17 w, and two lost to follow-up; includes
eight twin pregnancies and one triplet pregnancy. Classified a malformation as major (n=18) if it was fatal, potentially life-threatening, likely to lead to serious handicap or
a major cosmetic defect, required major surgery, or was a chromosomal abnormality (n=4). Compared maternal and perinatal outcomes with national data from the 1998
Dutch perinatal database and with data from Statistics Netherlands. Text states that major anomaly rate in pregnancies with type 1 diabetes was three times the national
rate.
§§ Nationwide prospective multicenter study in eight centers; information collected after each delivery by one to three caregivers per center and reported to a central registry.
Included repeat (n=228) and twin (n=28) pregnancies ≥24 w; excluded earlier fetal losses. Women entering the study were all considered to have type 1 diabetes by their
caretakers and used insulin treatment before conception. Congenital malformations assessed during postbirth hospital stay only, except for three pregnancy terminations
<24 w for severe malformations. Malformations in the study sample and the background population (n=70,089) include major and minor malformations, but in the background population, congenital malformations were reported to a central registry after the first year of life. Both factors would contribute to a lower rate of malformations
reported in this survey of diabetic women. Uncertain if chromosomal abnormalities were included. Major malformations defined as those responsible for death, causing a
significant future handicap, or requiring major surgery. Major malformations (n=32) represented 52.5% of those in the study sample.
║║ Data from Swedish Medical Birth Registry, Registry of Congenital Malformations, and the Hospital Discharge Registry combined. Use of the latter registries showed 26%
(n=97) underreporting of congenital malformations in IDM to the Medical Birth Registry. All registries used for the national reference population. Gestational age for
inclusion in registry not given. Congenital malformations identified by specific ICD-9 codes, with length of infant follow-up not reported. Total malformations number and
percentage represents “any congenital malformation”, including four with chromosomal anomaly, three with diaphragmatic hernia, three with spleen malformation, 19 with
orofacial clefts (0.49% of IDM vs. 0.21% of reference population), and with a number of less severe malformations listed in report, but not shown in the types in this table.
Groups of types of major malformations are constructed from authors’ original table 1.
¶¶ Combined data from Medical Birth Registry (ICD-10 diagnoses made by physicians before infant left the nursery, including infants transferred to a neonatal ICU and neonatal
deaths, and for stillbirths and terminations of pregnancy after 12 w because of antenatally diagnosed anomalies) and from the Norwegian Diabetes Registry to be sure all
pregnancies with type 1 diabetes were included (96.8% of all cases of type 1 diabetes were in the Medical Birth Registry). Excluded anomalies categorized as minor in accordance with the EUROCAT system, but included three cases of chromosomal malformation and 10 cases of isolated patent ductus arteriosus at term birth (see authors’ table
5). Background population (n=349,378) taken from the Medical Birth Registry for 1999–2004. Odds ratios were adjusted for maternal age, parity, gender of infant, maternal
education, maternal smoking in pregnancy, European origin of mother, and year of birth.
## Pregestational insulin-treated diabetes ascertained by questionnaire (requested information on underlying maternal diseases, drugs used, and pregnancy complications by
gestational month) sent to all parents of cases and controls; nonrespondents visited by regional district nurses (5% of case mothers refused to participate). Maternal antenatal logbooks were available for 88% of cases and 94% of controls. Hungarian Congenital Abnormality Registry (compulsory for all physicians in Hungary) comprises cases,
including malformed fetuses after termination of pregnancy due to antenatal diagnosis of fetal defects, stillborn fetuses, and liveborn infants diagnosed with congenital
abnormalities in the first year of life. Autopsy data included. Excluded mild abnormalities and syndromes of known origin, like chromosomal disorders. Controls were two
newborns without congenital abnormalities for each case, selected from the National Birth Registry of the Central Statistical Office, matched according to sex, birth week,
and district of parent’s residence. Used unconditional logistic regression to adjust for potential confounding from maternal age, birth order, and use of antiepileptic and
antipsychotic drugs.
*** Multicenter, with referral centers throughout Italy. Study fostered by the Italian Diabetes and Pregnancy Study Group. Congenital malformations undefined. Original data set
included 30 spontaneous abortions in the type 1 diabetes group and 17 in the type 2 diabetes group, excluded here. Unknown whether any of the 31 malformations were
among the eight pregnancies with induced abortions (five with type 1 diabetes, three with type 2 diabetes) that were excluded from the n in this table.
††† Population-based cohort and case-control study in the Northern Italy Emilia-Romagna region. Linked maternal and newborn hospital discharge records with birth certificates
and the Region Birth Defects Registry. Singleton liveborn and stillborn infants and repeat pregnancies included. Diagnoses based on ICD-9 codes and anomalies according
to EUROCAT. Authors state that severe cardiovascular and nervous system anomalies were missing because they have no data on spontaneous abortions and terminations
of pregnancy due to malformations. Of the congenital anomalies in IDM, five were chromosomal anomalies; of the 202 congenital anomalies in controls, 10 were chromosomal anomalies (adjPR 2.35, 95% CI 0.80–6.86); all excluded here. This table excludes three cases of polydactyly/syndactyly in the diabetes group and 13 in the control
group. Multiple malformations were nonsyndromic. Authors identified only 18% of the total diabetic population as type 1 and only 20.7% as type 2, based on an incomplete
prescription database, so data are included as total pregestational diabetes here. Controls were 10,648 births to nondiabetic women, used for adjusted odds ratio (95% CI)
for total congenital anomalies, adjusting for maternal age and area of residence, hospital and year of delivery, education, and smoking habits. No data on maternal BMI or
maternal medications that were possibly teratogenic. For the adjusted prevalence ratios, authors matched each birth to a diabetic woman with five randomly selected births
to nondiabetic women and used a conditional logistic model that controlled for the matching factors of maternal age, province of residence, year, and hospital of delivery.
‡‡‡ South Australian Birth Defects Register receives notifications of congenital anomalies up to a child’s fifth birthday. Congenital anomalies coded by ICD-9, British Pediatric
Association Perinatal Supplement. The Register excluded most minor anomalies, unless they were disfiguring or required treatment. Multiple anomalies in same infant not
discussed. Chromosomal, hematologic, metabolic, and respiratory anomalies were included in the reference population but were not recorded in the group with PDM. Birth
defects data were linked to data of the Pregnancy Outcomes Statistics Unit of the South Australian Department of Health. Pregestational diabetes examined separately
from gestational diabetes. Includes stillbirths ≥400 g or ≥20 w, singleton livebirths, but not pregnancy terminations. The comparatively high rate of anomalies in the total
population (5.1%) and the sample with pregestational diabetes (10.1%) suggests that some minor malformations and all chromosomal abnormalities were included, as well as
infants counted twice due to multiple anomalies. Reference population was all births (n=282,260) in the district in 1986–2000. Relative risk for all anomalies in PDM versus
reference population was adjusted for maternal age, ethnicity, place of birth, and year of birth. Musculoskeletal defects include one abdominal wall defect and five limb
reduction defects (RR 9.22, 95% CI 3.79–22.40). Orofacial clefts (n=2) were included in digestive category.
SOURCE: References are listed within the table.

diabetes (99,403,407), with one exception (405) (Table 5.30). The details of the
methods of these studies are provided in
the footnotes to Tables 5.29 and 5.30.
A population-based case-control study in
Hungary (births in 1980–1996) included
malformations in terminations of pregnancy, stillbirths, and liveborn infants up
to 1 year of life; autopsies were usually

done for stillbirths and infant deaths (407).
The strongest association of risk for types
of malformations with maternal diabetes
included renal agenesis (prevalence odds
ratio [POR] 14.8), obstructive congenital
abnormalities of the urinary tract (POR
4.3), cardiovascular congenital abnormalities (POR 3.4), and multiple congenital
abnormalities in the same infant (POR 5.0)
(407).

Another large case-control study of
nonchromosomal anomalies examined
data from 18 population-based EUROCAT
registries of congenital anomalies in
1990–2005 (669 pregestational diabetes
cases and 92,976 nondiabetes cases)
(408). There were significantly increased
odds ratios associated with pregestational
diabetes for anencephaly, encephalocele,
omphalocele, bilateral renal agenesis,
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subgroups of congenital heart defects,
and multiple congenital anomalies in the
same infant (present in 13.6% of 669
cases in the diabetes group and 6.1% of
92,976 cases in the nondiabetic group).
The odds ratio for caudal regression
sequence was very high (26.4, 95% CI
9.0–77.6), but only 17% of all caudal
regression cases resulted from a pregnancy with pregestational diabetes (408).
Despite early suggestions of fetal sexassociated risk (409,410), major malformations were not significantly more common
in male versus female infants of women
with type 1 diabetes in large surveys from
Norway (404) and Sweden (307), with
the proviso that the latter studies do not
include data on terminations of pregnancy
or fetal deaths before 28 weeks gestation. Perhaps the teratogenic effects of
the uncontrolled diabetic state obscure
(411) the small, but significant, fetal
sex-associated risks of some congenital
malformations found in liveborn infants
in the general population (male excess in
some anomalies, female excess in others)
(307,404,412,413,414,415,416,417).
Regarding possible effects on the final
sex ratio, it is of interest that early male
embryos are slightly more likely to be
abnormal (418), but that female fetuses
are slightly more likely to be lost at 6–20
weeks gestation, and male fetuses are
slightly more likely to expire at 28–35
weeks (418). This study of the human
sex ratio is the largest and most comprehensive performed as of 2014 (418), and
the article considers the discrepancies
in prior studies (419). The great majority
of pregnancy losses occur by 20 weeks.
Perhaps this biology biases the slight
overrepresentation of males among
liveborn and stillborn infants with some
congenital malformations in the general
population (genital, urinary, musculoskeletal, digestive, orofacial clefts) (417).
Nervous system defects (413), including
neural tube defects (412,413,414,415,416),
and limb defects (417) seem to be more
common in female than male liveborn
infants in some, but not all, studies.
Interestingly, multiple malformations in
the same infant in the general population
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were less common in males in one study
(413) and more common in two others
(416,417). The role of fetal survival has
long been considered important in selection bias of studies of human teratogens
(420), including diabetic embryopathy
(421).

disorders related to short gestation
and low birth weight (17.4%) (422).
Malformations compete with early
preterm delivery as an initiating cause
for death in infants of mothers with
diabetes (93,278,302). Table 5.31 shows
the percentage of neonatal deaths with
any birth defects in infants of mothers
with diabetes, grouped by maternal age
and race/ethnicity. The data are from
the NVSS 2007 (accessed for Diabetes
in America). Malformations contribute to

Major malformations with deformations
and chromosomal abnormalities remain
the leading cause of infant death in
the United States (20.6%), followed by

TABLE 5.31. Percent of Neonatal Deaths With Any Birth Defects Among Women With
Preexisting Diabetes Mellitus in Pregnancy, by Maternal Age and Race/Ethnicity, U.S., 2007
MATERNAL RACE/ETHNICITY
AND AGE (YEARS)

NUMBER OF
DEATHS*

Total
15–19
20–24
25–29
30–34
35–39
40–44
Non-Hispanic white
Total
15–19
20–24
25–29
30–34
35–39
40–44
Non-Hispanic black
Total
15–19
20–24
25–29
30–34
35–39
40–44
All Hispanic
Total
15–19
20–24
25–29
30–34
35–39
40–44
Asian/Pacific Islander
Total
American Indian/Alaska Native
Total

DEATHS WITH BIRTH DEFECTS
Number

Percent†

116
3
19
35
25
24
10

10
0
0
2
2
5
1

8.6
0
0
5.8
8.0
21.4
9.8

45
1
7
16
9
11
1

4
0
0
0
2
2
0

8.9
0
0
0
22.3
18.0
0

44
1
12
9
10
7
5

4
0
0
2
0
2
0

9.1
0
0
22.0
0
29.8
0

25
1
0
9
5
6
4

2
0
0
0
0
1
1

8.0
0
0
0
0
17.6
24.5

1

0

0

0

0

0

Data include states using the 2003 revised birth certificate. Neonatal is defined as 0–27 days of life. Birth defects
include anencephaly, meningomyelocele/spina bifida, cyanotic congenital heart disease, congenital diaphragmatic
hernia, omphalocele, gastroschisis, limb reduction defect, cleft lip with or without cleft palate, cleft palate alone,
Down syndrome, suspected chromosomal disorder, and hypospadias.
* Data with missing information on age deleted from totals.
† The percent of deaths with birth defects is a weighted estimate that corrects for biases in the percent of records
linked by major characteristics.
SOURCE: National Vital Statistics System 2007
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the high cost of care of infants of diabetic
mothers (77,78,79,80,81) and to lifelong
disability. Since malformations are related
to poor glycemic control and occur early
in pregnancy (71,290), the intensified
preconception care mentioned in the
section Preconception Care of Diabetes
and Contraception is essential in prevention (71,72,73,74).
Few population-based data are available
on the prenatal detection of major malformations in pregnancies complicated by
type 1 or type 2 diabetes, so information
depends on data from regional centers.
Shortened crown-rump length (“early
fetal growth delay”) in the first trimester
does not seem to predict risk of major
malformations in the setting of diabetes
(346,423,424). Increased fetal nuchal
translucency by late first trimester scanning may suggest increased risk that a
major malformation is present, especially
in conjunction with A1c >8.3% (>67
mmol/mol; sensitivity 70.6%, specificity
77.4%, positive predictive value 16.2%,
negative predictive value 97.7%) (425).
The antenatal detection rate of noncardiac malformations by midpregnancy
ultrasound scanning varied from 30% to
70% in women with preexisting diabetes
(426,427,428,429). The antenatal
detection rate of congenital anomalies
was reduced by maternal BMI >30–40
kg/m2 (429,430,431). This presents a
clinical challenge, since there may be
an association between obesity and
noncardiac and cardiac major malformations in women with preexisting diabetes
(432). Twin pregnancy in diabetic women
increases the rate of perinatal morbidity
(433), including an increased rate of major
malformations in twin versus singleton
gestations (434,435) (e.g., adjusted rate
ratio 3.51, 95% CI 1.31–9.40) (435).

Congenital Heart Defects
Congenital heart defects are among the
most important malformations in infants
of mothers with diabetes in terms of
mortality, morbidity, and long-term costs
(81,434,436,437,438). All large population data sets show an increased risk of
congenital heart defects with maternal
preexisting diabetes, both type 1 and

type 2 diabetes, with both isolated and
multiple cardiovascular defects, that often
occur with malformations of other body
parts (~30%) (54,99,219,249,302,303,
309,405,406,436,437,438) (Tables 5.29
and 5.30; methods of comparison to
controls are given in the footnotes).
In a study of all mother-infant pairs in
Canada (excluding Quebec) in 2002–2010,
maternal diabetes was a solid risk factor
for congenital heart defects in both
type 1 diabetes (adjusted OR 4.65, 95% CI
4.13–5.24) and type 2 diabetes (adjusted
OR 4.12, 95% CI 3.69–4.60) (434). The
risk of congenital heart defects in infants
of diabetic women is independent of
other contributing factors, such as age,
parity, obesity, and smoking (434,436).
The risk is strongly and linearly related to
poor glycemic control at the beginning
of pregnancy (99,105,145,290,316,437).
Diabetes-related comorbidities that
may add to risk of major cardiovascular
malformations include hypertension
(adjusted OR 1.81, 95% CI 1.61–2.03) and
thyroid disease (adjusted OR 1.45, 95%
CI 1.26–1.67) (434), plus diabetic nephro
pathy (adjusted OR 2.5, 95% CI 1.1–5.3)
(99).
Almost all severe types of congenital
heart defects are increased in infants of
mothers with diabetes, especially heterotaxia, conotruncal defects, transposition
of the great vessels, atrioventricular septal
defect, anomalous pulmonary venous
return, left and right ventricular outflow
obstruction, and complex defects, as
well as large isolated septal defects
(401,434,436,437,438).
In one large population-based
case-control analysis of cardiovascular
malformations conducted in 1981–1989,
most types of malformation with excess
risk in infants of mothers with diabetes
were in the developmental category of cardiovascular malformations occurring early
in organogenesis (laterality and cardiac
looping defects, outflow tract anomalies,
atrioventricular septal defects) (436). In
this Baltimore-Washington Infant Study,
the case mortality rate was more than
doubled in infants with cardiovascular

malformations born to diabetic mothers
(39%) compared with infants with cardiovascular malformations of nondiabetic
mothers (17.8%). The leading causes of
death among infants with cardiovascular
malformations were heart failure (47.8%),
surgical complications (34.8%), and
infections (13.0%), with little difference in
causes between infants of mothers with
diabetes and control cases. Additional
characteristics of deceased case infants
born to mothers with preexisting diabetes
mellitus were the presence of extracardiac
anomalies in 43.0%, birth <37 weeks gestation in 47%, and SGA in 19% (436).

THE CONTRIBUTION OF THE
PLACENTA
It is difficult to find population-based data
on the characteristics of the placenta
(even size or weight) (439,440) in births
to women with preexisting diabetes. This
lack is glaring in view of multiple singlecenter studies and reviews since 2000 on
placental histologic changes with diabetes
(441,442,443,444,445,446), the contribution of the placenta to glucose utilization
and transport (447) and production and
transfer of other nutrients, metabolites,
and signaling cytokines (448,449,450,
451,452,453,454,455), plus changes in
gene expression (456,457,458,459,460,
461,462,463,464,465) that could well
contribute to fetal growth and development (466) and to perinatal and long-term
morbidities in the setting of maternal
diabetes (467,468,469). In addition to
placental sampling (470,471), measures
of umbilical components have provided
important data (472,473,474,475). Only
selected articles published since 2008 are
cited here. There is need for measures
that can be adapted to epidemiologic
studies (476,477).
OTHER NEONATAL MORBIDITY
ASSOCIATED WITH MATERNAL
DIABETES
Respiratory Distress
Definitions of neonatal respiratory distress
in infants of diabetic mothers have varied
or were not defined in the multicenter
or population-based reports discussed
below. The IADPSG-proposed definition of
respiratory distress of the neonate states:
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“respiratory difficulties requiring any positive pressure ventilation ≥24 h that occurs
beyond the first 10 min of the resuscitation
period, and/or given surfactant within
72 h after birth” (13). Some authors did
not distinguish this more severe illness
from the usually milder distress known as
transient tachypnea of the newborn (TTN).
The IADPSG definition of TTN states: “lung
disorder resulting from delayed resorption
and clearance of fetal alveolar fluid, with
onset usually at the time of birth and
within 2 h after delivery with tachypnea
being the most prominent clinical feature.
Characteristic findings on chest radiograph
support the diagnosis and help to rule out
other conditions. Symptoms usually last
for 12–24 h, and as long as 72 h in severe
cases. Infants may require some form
of positive pressure support in the first
24–48 h of life +/- supplemental oxygen”
(13).
Historically, hyaline membrane disease
or respiratory distress syndrome (RDS)
due to pulmonary surfactant deficiency
was a major cause of death of infants
of mothers with diabetes (1). Among
mothers with type 1 diabetes in the DCCT
who gave birth during 1983–1993, respir
atory distress (undefined) was reported
in 36 of 191 liveborn infants (18.8%) (6).
All subjects received intensive diabetes
care during pregnancy. There was no
difference in frequency of neonatal respir
atory distress whether or not the mother
had intensive therapy before conception.
Rates of preeclampsia and preterm birth
were not stated, except to note they were
not different in women in the original
study groups (6).
The rate of respiratory distress recorded
in liveborn infants of women with pregestational diabetes who participated in a
randomized controlled trial of low-dose
aspirin use to prevent preeclampsia in
1991–1995 in North America was 24 of
90 infants (27%) with indicated deliveries
at <37 weeks gestation and 17 of 66
(26%) spontaneous deliveries at <37
weeks (322). For deliveries at <35 weeks,
the rates were 44.0% in 25 indicated
and 39.4% in 33 spontaneous deliveries
(322). The authors noted that the number
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of preterm deliveries was greater in
their Table II on preterm birth than in
their Table III on neonatal outcomes
after preterm delivery, due to inclusion
of stillbirths, miscarriages, and neonatal
missing data in their Table II (322). The
overall rate of RDS of 9% assumes no
cases were seen at >36 weeks. Maternal
aspirin use did not affect preterm birth or
RDS (322).
Respiratory distress frequency was
reported to be 6.5% (114), 8.7% (115),
and 8.8% (208) in three population-based
surveys of pregnancies of mothers
with pregestational (115,208) or type 1
diabetes (114) reported since 2000 in
North America (Tables 5.26 and 5.27).
In the survey of 1,712 liveborn infants
matched to diabetic mothers in Northern
California in 2007–2011, the frequencies
of RDS plus TTN per gestational age
group were 69.8% of infants delivered at
24–34 weeks, 15.4% of infants delivered
at 34–36 weeks, and 3.44% of infants
delivered at ≥37 weeks (208). It was
gratifying to see the overall rates of
respiratory distress decline from 13.5%
in 1996–2000 to 10.2% in 2001–2006
and to 8.8% in 2007–2011 in the KPNC
database (208). For infants of women
with type 2 diabetes in California, the
rate of RDS was 2.2% in 2,197 liveborn
infants (114) (Table 5.27). Four North
American surveys did not present data
on respiratory distress in the infants
(203,213,214,308).
In European population-based surveys
or multicenter studies of women with
preexisting diabetes with data (Table 5.27),
the reported rates of RDS in infants of
mothers with type 1 diabetes were 0.8%
in Sweden (338), 1.0% in Sweden (276),
2.0% in Sweden (307), and 1.5% in Italy
(95) compared to 5.3% in the Netherlands
(100) and 16.6% in Denmark (93). The
Swedish (276,338) and Dutch (100)
studies presented separate data on TTN,
and perhaps the milder cases of respiratory distress were included in the coding
in Denmark. In Japan, in 2003–2009, the
rates of respiratory distress were reported
to be 10.4% in 328 liveborn infants of
women with type 1 diabetes and 12.2%

in 508 infants of mothers with type 2
diabetes (113).
The large study using the Medical Birth
Register in Sweden for 1998–2007
showed that neonatal respiratory disorders were more common in male than
female infants of mothers with type 1
diabetes (n=4,092, adjusted OR 1.50,
95% CI 1.12–2.02), but there was no sex
difference for respiratory disorders in 412
infants of mothers with type 2 diabetes
(307). For the male infants of mothers
with either type of diabetes, there was no
increased risk of (a) preterm birth at <32
weeks or at 32–37 weeks, (b) neonatal
hypoglycemia, (c) major congenital
malformations, or (d) perinatal mortality,
although the first three categories, plus
respiratory disorders and late neonatal
and infant deaths, were significantly more
common in the 466,040 male infants in
the reference population compared to
reference female infants (307).

Hypertrophic Cardiomyopathy
Another possible cause of cardiorespiratory difficulties in infants of mothers with
diabetes is hypertrophic cardiomyopathy.
The prevalence may be >12% of infants
of mothers with diabetes, depending on
the frequency of fetal macrosomia and
of newborn screening with echocardio
graphy (478). Population-based data on
hypertrophic cardiomyopathy in infants
of mothers with diabetes are difficult to
find. Its frequency was 5% in 324 infants
of mothers with type 1 diabetes in the
Netherlands in 1999–2000, based on
clinical diagnosis (100). In the BaltimoreWashington Infant case-control study
conducted in 1981–1989, maternal
diabetes was strongly associated with
neonatal cardiomyopathy (OR 15.1, 95%
CI 5.5–41.3) (436).
Polycythemia
Neonatal polycythemia and secondary
hyperviscosity syndrome have been identified in infants of mothers with diabetes
(479,480,481,482). IADPSG defines
polycythemia in a term infant as hematocrit in a peripheral venous sample >65%
or hemoglobin >22 g/dL (13). Despite
its importance, data on polycythemia in
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infants of mothers with diabetes are scant
(479,480,481,482). In the 40-center study
fostered by the Japanese Diabetes and
Pregnancy Study Group in 2003–2009,
the recorded frequencies of neonatal
polycythemia were 2.1% of 328 liveborn
infants of mothers with type 1 diabetes
delivered at ≥20 weeks gestation and
2.4% of 508 liveborn infants of mothers
with type 2 diabetes (113).

METABOLIC PROBLEMS IN INFANTS
OF DIABETIC MOTHERS
The categories of metabolic complications in
infants of mothers with diabetes (483,484)
described in this section are commonly used
but demonstrate the complex interactions
that characterize infant physiology. These
metabolic problems are important because
they require expensive neonatal care and
they may be linked to developmental problems in children.

Neonatal Hypoglycemia
Neonatal hypoglycemia remains common
in the first day of life in infants of diabetic
mothers (485,486,487), but there is
not wide agreement on its definition
(488,489,490) nor on the proper method
of glucose measurement in the newborn
(484). Correlates of hypoglycemia in
infants of diabetic mothers are poor
maternal glycemic control, fetal hyperinsulinemia, large or small size of the
fetus, and late preterm birth (485,487),
but in one prospective study including
202 infants of diabetic mothers, 37% of
newborn infants of diabetic mothers with
hypoglycemia were of appropriate size
and born at term (486). Of 133 hypoglycemic episodes in the infants of diabetic
mothers in this study, 52% occurred in the
first 6 hours of life, 83% occurred in the
first 24 hours, and 17% were recurrent at
24–48 hours (486). It is important to note
“a disconnect” (491) between neonatal
glucose values and the nonspecific symptoms of neonatal hypoglycemia (492).
“Acute symptoms and long-term neurologic sequelae occur within a continuum
of low plasma glucose values of varied
duration and severity” (492).
The IADPSG-proposed codification of
pregnancy outcomes for diabetic women

(13) defines neonatal hypoglycemia as a
plasma glucose value <40 mg/dL (<2.22
mmol/L), based on the 10th percentile of
more than 17,000 neonatal values at 1–4
hours of life in the global Hyperglycemia
and Adverse Pregnancy Outcome Study
(493), which is described in Chapter 4.
Others state that “the validity of statistical
definitions of neonatal hypoglycemia has
been appropriately criticized” and that
neonatal glucose should be evaluated with
regard to long-term outcomes (492).
A retrospective population-based study of
1,395 newborn-student pairs in Arkansas
showed that transient hypoglycemia
levels of <35, <40, and <45 mg/dL (<1.94,
<2.22, and <2.50 mmol/L) were associated with lower literacy achievement test
scores at age 10 years (adjusted OR 0.49,
95% CI 0.28–0.83, adjusted OR 0.43, 95%
CI 0.28–0.67, adjusted OR 0.62, 95% CI
0.45–0.85, respectively), while controlling
for gestational age group, race, sex, multifetal gestation, insurance status, maternal
educational level and socio-economic
status, and gravidity (494). Infants with
prolonged hypoglycemia, congenital
anomalies, or chromosomal abnormalities
were excluded from the study. Similar
associations were found with the levels
of transient newborn hypoglycemia and
mathematics achievement test scores
(494).
A New Zealand 2-year follow-up study of
148 children with neonatal hypoglycemia
(<47 mg/dL [<2.61 mmol/L]) in the first
48 hours of life found that 32% had mild
neurosensory impairment and 3.8% had
moderate-severe impairment on cognitive,
language, or motor scores (495). The
infants had been enrolled in a randomized
controlled trial of oral dextrose gel to treat
the hypoglycemia, which had no effect on
the 2-year outcomes (495).
However, another analysis of a somewhat
larger sample of 404 New Zealand infants
at risk for hypoglycemia, revealed that
216 had blood glucose levels <47 mg/dL
and were treated with any combination of
additional feeding, buccal dextrose gel, or
intravenous dextrose to maintain blood
glucose >47 mg/dL for 24–48 hours

on frequent monitoring (496). Of the
total group, 161 were infants of diabetic
mothers, and 49.7% of them had blood
glucose levels <47 mg/dL. Infants who
were followed for 2 years showed that
hypoglycemia, as defined and treated as
above, was not associated with the risk of
neurosensory impairment or processing
difficulty (496). Follow-up data were not
presented separately for the infants of
diabetic mothers. Of note, the 5th quintile of all infants with the highest blood
glucose levels on treatment during the
first 48 hours (>70 mg/dL) did have significantly more neuroimpairment at age 2
years (496).
The American Academy of Pediatrics
(AAP) published a guideline in 2011
for the screening and management of
neonatal hypoglycemia in late-preterm
infants and term infants at risk, who are
those “born to mothers with diabetes,
small for gestational age, or large for
gestational age” (491). The guide was
intended to provide adequate screening
and treatment for infants who need it, to
avoid cerebral energy deficiency, without
creating a huge barrier to initiation of
successful breastfeeding, which is also
important for long-term health. It is known
that successful breastfeeding at discharge
from hospital is strongly dependent on
breastfeeding at the first feed in diabetic
women (497). The AAP protocol should
be reviewed because it is apparent
that prenatal diabetes and pediatric
management teams must work in concert
to reduce the frequency of neonatal
hypoglycemia and NICU admissions and
provide for optimal long-term health and
development of the child. In 2015, recommendations from the Pediatric Endocrine
Society focused on the evaluation and
management of persistent hypoglycemia
in neonates, infants, and children. The
Society agreed that infants of diabetic
mothers are among the neonates at
increased risk for hypoglycemia and
require glucose screening (498).
In the analysis of subjects with type 1
diabetes who became pregnant during
the DCCT in 1983–1993, neonatal hypoglycemia was defined as blood glucose
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<40 mg/dL within 72 hours after birth.
Neonatal hypoglycemia was recorded in
39.6% of infants of mothers who were
on intensive diabetes management
at conception and 35.9% of infants of
mothers who changed to intensive treatment after pregnancy was diagnosed (6).
Only three population-based surveys or
multicenter studies (115,208,227) of
pregnancies complicated by undifferentiated preexisting diabetes reported
since 2000 presented data on neonatal
hypoglycemia (Table 5.26). In a multicenter study including the previous and
current pregnancy of multiparous women
in Utah in 2002–2010, among 802
infants of mothers with pregestational
diabetes in both pregnancies, the rate
of neonatal hypoglycemia was only 2.2%
(ICD-9 code 775.6) compared to 1.9%
in 58,224 control infants (115). In the
new analysis for Diabetes in America, of
1,712 liveborn infants to mothers with
type 1 or type 2 diabetes in the KPNC
system in 2007–2011, the frequency
of neonatal hypoglycemia defined as
needing treatment in the NICU was only
1.9% (208). This result is similar to the
rates of 2.0% in 555 liveborn infants of
mothers with type 1 diabetes and 1.3%
in 2,197 infants of mothers with type 2
diabetes in a statewide California survey
in 2006 (114). In these latter cases,
neonatal hypoglycemia was defined as
needing intravenous glucose therapy
for the newborn infant (114). The rate
of neonatal hypoglycemia was 47.8%
(ICD-10 code P70.4) among 1,228 liveborn infants of diabetic mothers in New
South Wales, Australia, in 1998–2002
compared to 1.6% of infants of 352,673
control pregnancies without any kind of
diabetes (227). The difference may be
rigorous screening of infants of diabetic
mothers and use of a statistical definition
versus testing of symptomatic infants of
nondiabetic mothers. Of the infants of
mothers with diabetes, 35% were LGA
(vs. 10.4% of controls), and 80.8% were
born at ≥37 weeks gestation (vs. 94.8%
of controls) (227).
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Regarding infants of women with
type 1 diabetes in international multicenter studies reported since 2000
(Table 5.27), the rates of neonatal
hypoglycemia in 1998–2013 were
16.6%, 23.2%, and 13.7% in multicenter
studies in Italy (95), West Ireland (108),
and Japan (113), respectively. Of two
reports using the Swedish Medical Birth
Registry for 1998–2007, rates of neonatal
hypoglycemia in infants of mothers with
type 1 diabetes were coded as 9.85% in
one study (307) and as 9.9% in the other
(338). Hypoglycemia was defined as <2.6
mM recorded after 6 hours of life in both
analyses. In the latter study, hypoglycemia
>6 hours was 9.1% in AGA infants and
10.7% in LGA infants (338). Neonatal
hypoglycemia at 0–6 hours was recorded
in 11.2% of AGA infants and 12.7% of LGA
infants (338). For some reason, rates were
much higher in infants of women with
type 1 diabetes in the national survey in
the Netherlands in 1999 (44.3% at <36
mg/dL [<2.00 mmol/L]) (100) and in the
Helsinki area of Finland in 1999–2003 at
56.8% and in 2004–2008 at 48.0% (<47
mg/dL) (226).
Rates of neonatal hypoglycemia for
infants of women with type 2 diabetes
in these international studies were 7.2%
in West Ireland (p=0.004 vs. controls)
(108), 6.55% in Sweden (1.3% in 905,565
controls) (307), 15.4% in Japan (113), and
19.9% in Italy (95) (Table 5.27).
In the Swedish Medical Birth Register
for 1998–2007, neonatal hypoglycemia
was not significantly more frequent in
2,088 male infants of women with type
1 diabetes (10.3%) versus 2,004 female
infants (9.4%) (307). In 412 infants of
women with type 2 diabetes in this study,
the rate of neonatal hypoglycemia was
5.8% in female infants and 7.4% in male
infants (NS). These rates compared to
0.97% in 439,525 female infants in the
reference group versus 1.6% in 466,040
male infants in the reference group
(p<0.001 for males vs. females). In the
reference group, male infants were more

likely to be born at 32–36 weeks gestation
(4.4%) than female infants (4.0%, p<0.001).
The variation in “prevalence” in these
studies denotes the problem with the
definition of neonatal hypoglycemia by a
glucose measurement in the infant of the
diabetic mother (13,491,492) or by the
treatment applied to the baby (114,208).
Small studies have shown that prevention
of the need for aggressive treatment of
neonatal hypoglycemia may depend on
control of the maternal glucose during
delivery in previously well-controlled
women (499,500), early feeding of
colostrum or formula to the newborn
(501,502,503,504,505), or administration
of buccal dextrose gel to the infant with
glucose <47 mg/dL (506).
In an analysis of 147 LGA infants of
women with preexisting diabetes delivered
≥34 weeks at Ohio State University in
2008–2011 (malformations excluded), a
triage system was applied in the delivery
room, with 43 asymptomatic infants
referred to the Well Baby Nursery (WBN),
and 104 infants transferred to the NICU
(53% for respiratory disorder, 27% for
“prevention of hypoglycemia,” 19% for
prematurity, 1 for asphyxia) (507). The
WBN infants were screened for hypoglycemia by the first hour of life and prior to
first feeding. Of the 43 WBN infants, 18
(42%) had blood glucose episodes <40
mg/dL in the first 48 hours of life (10 on
single occurrence), and most episodes
were corrected by feeding. Of the 104
NICU infants, 48 (46%) developed hypoglycemia, possibly reflecting illness or later
feeding (507). The authors concluded that
safe triage of asymptomatic LGA infants of
diabetic mothers from the delivery room
to the WBN can be accomplished in the
majority of cases (507).
None of the population-based surveys of
births to diabetic women reviewed here
linked their neonatal outcome data to
long-term development and health of the
children. The challenge for future research
is to account for the interaction among
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neonatal complications in infants of
diabetic mothers and the confounders that
also may influence long-term outcomes.

Hypocalcemia and Hypomagnesemia
For babies of mothers with type 1
diabetes who participated in the DCCT,
the frequency of hypocalcemia was 4.5%
among 134 liveborn infants born to
women who were in the intensive control
group prior to conception compared
to 2.1% of 57 liveborn infants born to
women with type 1 diabetes who began
intensive diabetes management after
diagnosis of pregnancy (6). In another
study, lower umbilical cord calcium
concentration and earlier gestational age
were the best independent predictors of
the lowest neonatal serum calcium level
in a prospective study of 186 infants of
mothers with diabetes (508). Studies
at the same leading institution showed
that neonatal hypocalcemia in infants
of diabetic mothers also correlated with
neonatal hypomagnesemia (480) and
maternal glucose control in a randomized trial (509). The consensus panel
on clinical and laboratory definitions of
the IADPSG proposed in 2015 to define
neonatal hypocalcemia as total plasma
calcium below 2.2–2.5 mmol/L (13).
In the population-based or multicenter
studies of pregnancies complicated by
type 1 diabetes and reported since 2000,
the frequency of hypocalcemia in Italy
in 1999–2003 was 8.2% of 464 liveborn
infants of mothers with type 1 diabetes
and 6.4% of 141 liveborn infants of women
with type 2 diabetes (95). The rate of
hypocalcemia (undefined) was 0.9%
among 328 liveborn infants of mothers
with type 1 diabetes in a multicenter
study in Japan compared to 2.6% among
508 liveborn infants of mothers with
type 2 diabetes delivered in 2003–2009
(statistical test not done) (113). Neonatal
hypocalcemia and hypomagnesemia
were not recorded in the other population-based surveys or multicenter studies
that provided some data on infants of
women with preexisting diabetes mellitus
during pregnancy.

Hyperbilirubinemia and Jaundice
Hyperbilirubinemia has been observed
more frequently in infants of mothers
with diabetes than in control infants at
any gestational age (510). The IADPSG
proposal for codifications of pregnancy
outcomes with maternal diabetes
suggests an operational definition: use
of phototherapy or exchange transfusion
for the infant (13). The AAP published
guidelines (2004; updated 2009) to treat
infants born at ≥35 weeks gestation with
phototherapy based upon the bilirubin
level, time after birth, and several risk
factors (i.e., gestational age, Coombs test)
(511,512,513).
The U.S. Preventive Services Task Force
(USPSTF) concluded that the evidence
was insufficient up to 2009 to assess
the balance of benefits and harms of
screening for hyperbilirubinemia to
prevent rare chronic bilirubin encephalopathy (514,515). The USPSTF found
inadequate evidence that treating elevated
bilirubin levels in term or near-term (≥35
weeks) infants to prevent severe hyperbilirubinemia resulted in the prevention of
the rare chronic bilirubin encephalopathy.
The Task Force stated that potential harms
of phototherapy included interruption of
breastfeeding and disruption of the maternal-infant relationship (514,515), already
problems for infants of diabetic mothers.
Subsequent pediatric studies of risk
factors to enhance indications for phototherapy do not include maternal diabetes.
Transcutaneous bilirubin estimates are
often used for screening for clinical
neonatal hyperbilirubinemia (512,513).
The goal of therapy is to “reduce the
incidence of severe hyperbilirubinemia
and bilirubin encephalopathy (kernicterus) while minimizing the risks of
unintended harm, such as maternal
anxiety, decreased breastfeeding, and
unnecessary costs and treatment” (511).
The guideline includes a systematic
assessment of the infant before discharge.
Thus, it is assumed that assessment of the
rates of hyperbilirubinemia for infants of
diabetic mothers reviewed here depended
on discharge diagnoses, if not on the use

of phototherapy or exchange transfusion.
What is usually unknown is the rate of
readmission of infants of diabetic mothers
to the hospital for treatment.
Studies of hyperbilirubinemia in babies of
women with preexisting diabetes mellitus
used different definitions (see footnotes
to Tables 5.26 and 5.27). For infants of
women with preexisting diabetes mellitus
of mixed types in the previous and current
pregnancy, the rate of all types of jaundice was 29.8% in Utah in 2002–2010
compared to 19.0% in 58,224 control
pregnancies (p≤0.0001) (115). In a survey
based on State of California birth, death,
and hospital discharge records for 2006,
neonatal hyperbilirubinemia was listed in
26.1% of 555 liveborn infants of mothers
with type 1 diabetes and 22.6% of 2,197
infants of mothers with type 2 diabetes
(114). In the new analyses for Diabetes
in America from the KPNC system in
2007–2011 (208), based on phototherapy
ever in chart review findings and treated
according to AAP guidelines, the rate of
neonatal hyperbilirubinemia was 20.6%
among 1,712 infants of mothers with
undifferentiated preexisting diabetes in
Northern California. The frequency of
hyperbilirubinemia in infants of diabetic
mothers in the KPNC system was 15.0%
in 1996–2000 and 15.3% in 2001–2006,
compared to the rate of 20.6% in 2007–
2011 (208). The use of phototherapy
nearly doubled for all infants in the KPNC
system after 2001–2006 (after the 2004
AAP guidelines were adopted) (208).
For liveborn infants of women with type 1
diabetes in international population-based
studies reported since 2000, the rates of
neonatal hyperbilirubinemia were 17.1% in
Japan (113), 17.7% in Denmark (93), 22.6%
in Italy (95), and 25.8% in the Netherlands
(100) compared to 6.1% requiring
phototherapy or exchange transfusion in
Sweden (4.5% if AGA, 7.8% if LGA) (338)
and 7.0% in West Ireland (108) (Table
5.27). For infants of mothers with type 2
diabetes, the rates were 15.6% in Italy (95)
and 17.5% in Japan (113) compared to
9.3% in West Ireland (vs. 4.7% in controls)
(108) (Table 5.27).
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EPIDEMIOLOGIC STUDIES OF METHODS OF MANAGEMENT OF DIABETES IN PREGNANCY
Population-based or multicenter studies
linking poor maternal glycemic control
(marked by elevated A1c or blood glucose
levels independent of other contributing
factors) with excess risks of spontaneous
abortion (94,96,287,288,293,294),
major congenital malformations (94,96,
99,105,107,262,316), fetal macrosomia
(107,283,284,306,347,348,516,517),
preeclampsia (262,280,281,282,283,284),
preterm birth (262,283,284,306,316),
adverse neonatal outcomes (283,284,
509), and perinatal mortality (105,107,211,
306,316,317) have been cited at appropriate places in the text. A systematic
review of observational studies prior to
2006 of poor A1c control and adverse
pregnancy outcomes in type 1 and type 2
diabetes was published (290). Populationbased or multicenter studies published
since 2006 continue to show the same
significant relationships (107,211,228,262,
280,281,282,283,284,306,316,331,347,
348,518,519).
Due to ethical restraints in women with
preconception diabetes, there are no large
randomized trials comparing intensified
glycemic control to “standard” care before
or during pregnancy, with the exception
of secondary analyses of the DCCT (6,7)
and important trials that established
benefit of glycemic control in women with
mild gestational diabetes (358,359). In
the DCCT, women with type 1 diabetes
in the standard care group who became
pregnant were switched to intensive
care as soon as possible, often before
conception, if pregnancy was planned
(6,7). Observational cohort studies and
reviews comparing pregnancy outcomes
of diabetic women who participated
in preconception care with those who
did not participate are discussed in the
section Utilization of Preconception Care.
The weight of the evidence is that intensified care of diabetes before pregnancy
and continued during pregnancy will
significantly reduce the frequencies of
spontaneous abortion, major congenital
malformations, preeclampsia, preterm
birth, and perinatal mortality in a costeffective manner, without causing great
harm. The mostly unmet challenge is to
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achieve these results on a community-wide
basis (76,80,86,87,88,90,94,96).

different fasting and postmeal glycemic
targets in diabetes in pregnancy” (40).

All clinical guidelines advise pregnant diabetic women to achieve
the best glycemic control possible
without significant maternal hypoglycemia before and during pregnancy
(42,43,44,117,520,521,522).
ADA-recommended A1c targets are <6.5%
in early and later pregnancy, but the
target may be relaxed to <7% if necessary
to prevent hypoglycemia (117). “As A1c
represents an integrated measure of
glucose, it may not fully capture postprandial hyperglycemia, which drives
macrosomia” (117). Therefore, A1c
measurements are considered secondary
to glucose monitoring during pregnancy
(42,43,117,522). “Given the alteration in
red blood cell kinetics during pregnancy
and physiologic changes in glycemic
parameters, A1c levels may need to be
monitored more frequently than usual
(e.g., monthly)” (117).

Two randomized trials compared postprandial with preprandial blood glucose
monitoring in pregnant women with
diabetes, with benefits accruing to the
former (531,532). Optimal timing of single
postprandial blood glucose tests seems
to be 60–90 minutes after beginning the
meal, based on continuous blood glucose
monitoring studies in diabetic pregnant
women (533,534).

There is some evidence that measurement
of maternal serum glycated albumin
provides an additional aggregate marker
for glycemia in pregnancy (523,524), not
affected by maternal iron deficiency, as is
A1c (525), but affected by late gestational
age, maternal proteinuria, and maternal
obesity (526,527,528). Measurement of
glycated albumin may be a better marker
for fetal/neonatal glycemia compared to
A1c in umbilical cord or neonatal blood
(529,530). Glycated albumin has not yet
been used in epidemiologic studies of
diabetic pregnant women and their infants.
The ADA Standards of Medical Care—2018
states that: “fasting and postprandial monitoring of blood glucose is recommended
to achieve metabolic control in pregnant
women with diabetes. Preprandial testing
is also recommended for women with
preexisting diabetes using insulin pumps
or basal-bolus therapy, so that premeal
rapid-acting insulin dosage can be adjusted.
Postprandial monitoring is associated with
better glycemic control and lower risk of
preeclampsia. There are no adequately
powered randomized trials comparing

The ADA (40), the American College of
Obstetricians and Gynecologists (520,521),
the Canadian Diabetes Association
(43,522), and NICE in the United Kingdom
(42) suggest specific blood glucose targets
for women with pregestational diabetes:
fasting <90–95 mg/dL (<5.00–5.27
mmol/L), 1-hour postprandial <130–140
mg/dL (<7.22–7.77 mmol/L), and 2-hours
postprandial <115–120 mg/dL (<6.38–
6.66 mmol/L). Epidemiologic studies are
needed to determine adherence to and
effectiveness of these guidelines in populations of diabetic pregnant women.
The elements of diabetes care needed
to achieve excellent glycemic control for
pregnancy were established in observational cohort studies at regional centers of
excellence and have been reviewed (1,42).
These elements include patient self-participation in intensified care, self-monitoring of
glucose (531,532,533,534,535,536,
537,538) and food intake, nutritional guidance (42,537,538), appropriate physical
activity (537,538,539), optimal use of
insulin regimens (244,306,537,538), and
psychological support (538). Unfortunately,
population-based data are lacking on the
application of elements of diabetes care in
the United States since 2000.
An example is studies confirming the
effects of high gestational weight gain in
diabetic women on risks of excess fetal
growth and high birth weight scores, independent of maternal BMI and glycemic
control (540,541,542). In general obstetric
populations, prospective studies showed
that gestational weight gain below the

Preexisting Diabetes and Pregnancy

2009 Institute of Medicine recommendations adjusted for maternal BMI was
independently associated with low fetal
growth (543), but gestational weight gain
above the recommended amount was
associated with a 46% increase in the
odds of having an overweight/obese child
at age 2–5 years (adjusted OR 1.46, 95%

CI 1.17–1.83) after controlling for multiple
confounding variables (544).
Large studies of nutritional intake and
physical activity in pregnancy have
focused on prevention of gestational
diabetes (545,546,547,548) or follow-up
of gestational diabetes to reduce the risk

of progression to type 2 diabetes
before the next pregnancy (63,64,
549,550,551,552,553,554,555,556,
557). The latter studies include the
importance of postpartum weight loss
(554,558) and of duration and intensity
of lactation to long-term maternal health
(559,560,561,562,563,564,565).

HEALTH RISKS IN CHILDREN OF MOTHERS WITH DIABETES BEFORE AND DURING PREGNANCY
In 1954 and 1961, Jorgen Pedersen
hypothesized that fetal exposure to
hyperglycemia, especially with fetal
hyperinsulinemia and macrosomia, led
to permanent fetal changes, including
an increased risk of developing type 2
diabetes and obesity in later life (566,567).
The concept of fetal overnutrition and
hyperinsulinemia in utero was confirmed
(568,569) and expanded to include other
energy sources, including free fatty acids
and triglycerides (570), plus multiple
biochemical processes and epigenetic
expressions. One example is the link
between alteration in genome-wide DNA
methylation in adult offspring of mothers
with type 1 diabetes during the index pregnancy and offspring kidney dysfunction
(571). Other studies in general populations
led to the concept of fetal-placental-infant
origins of adult disease, including diabetes
(572,573,574,575,576,577,578,579,
580), with the added role of early childhood growth in determining outcomes
(581,582,583,584). In this rapidly developing field of inquiry, this section focuses
on the offspring of diabetic women.

DEVELOPMENT OF DIABETES IN
CHILDREN AND ADULT OFFSPRING
OF DIABETIC MOTHERS
The genetic risks for development of
both types of diabetes in offspring of
parents with diabetes are well known
and discussed in Chapter 12 Genetics of
Type 1 Diabetes and Chapter 14 Genetics
of Type 2 Diabetes. The hypothesis of in
utero influences has been supported by
observations in the Pima Indian population, which found increased risk of
diabetes among children whose mothers
had diabetes (585,586), and a large
cohort study that also suggested that
exposure to maternal diabetes in utero

was a risk factor independent of obesity
(587,588).
Other large datasets confirming the
hypothesis for development of type 2
diabetes, obesity, and related metabolic changes include the Framingham
Offspring Study (paternal diabetes
also a risk factor) (589), LGA infants of
mothers with gestational diabetes in
Rhode Island (590), offspring of mothers
with gestational diabetes who were in
the 1959–1965 National Collaborative
Perinatal Project (591), offspring of
mothers with gestational diabetes in
the Pacific Northwest and Hawaii (592),
and offspring of women with gestational
diabetes and type 1 diabetes in Denmark
(593,594). Thus, the larger infant size
and attendant perinatal complications
characterizing diabetic offspring continue
their influence past infancy into childhood, later youth, and adulthood. The
estimates of maternal diabetes for
diabetes risk in the offspring and implications for the prevalence of diabetes
in youth are discussed in greater detail
in Chapter 13 Risk Factors for Type 2
Diabetes and Chapter 15.

BREASTFEEDING, INFANT FEEDING,
AND HEALTH OF OFFSPRING OF
DIABETIC MOTHERS
Based on reviews of abundant evidence of
the benefits of successful breastfeeding
to infant and child health (including less
obesity and diabetes) (595), in 2012, the
AAP concluded that infant nutrition should
be considered a public health issue and
not only a lifestyle choice (596). “National
campaigns to prevent obesity begin with
breastfeeding support” (596). The AAP
reaffirmed its strong recommendation
of exclusive breastfeeding for 6 months,

followed by continued breastfeeding as
complementary foods rich in iron and
other micronutrients are introduced at
about age 6 months, with continuation
of breastfeeding for 1 year or longer as
mutually desired by mother and infant.
Thus, breastfeeding is the normative standard for healthy infant nutrition (596).
Of particular importance to infants of
diabetic mothers, the AAP recommended
(a) direct skin-to-skin contact with
mothers immediately after delivery until
the first feeding is accomplished and
encouraged throughout the postpartum
period and (b) delay in routine procedures
(weighing, measuring, bathing, blood
tests, vaccines, and eye prophylaxis)
until after the first feeding is completed
(596). Exclusive breastfeeding is “safe”
for the prevention of neonatal hypoglycemia in most cases (597) and need
not contribute to high rates of neonatal
jaundice (598). Studies published since
the AAP report continue to support the
beneficial importance of early infant
nutrition (599,600,601) to long-term
outcomes, including child and later
obesity (602,603,604,605,606,607,608),
diabetes (609,610,611,612,613,614,615),
and the infant-child microbiome (616).
Controversy was ignited by initial reports
that first-week breast-milk (volume
determined by daily weights of infants
of diabetic mothers at a regional center
in East Germany) of mothers with type 1
diabetes was associated with increased
childhood obesity (retrospective analysis)
(617,618). In the Netherlands, in 2002,
a retrospective survey of 141 mothers
with type 1 diabetes who delivered
2–3 years earlier showed no significant
difference between breast-, formula-, and
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mixed-fed infants (by maternal recollection) in weight and BMI at age 1 year
(619). These studies were controverted
by larger, mostly prospective studies
which found that duration and intensity
of breastfeeding by diabetic women
was independently associated with less
childhood overweight (602,620,621,622)
and adiposity (623). Indeed, some
studies suggested that the relationship
of maternal diabetes to child obesity
was influenced by lack of breastfeeding
(620,621,623).
The group in Berlin agreed that increased
weight gain during the first 4 months
of life was a strong, independent risk
factor for childhood overweight in 152
offspring of women with type 1 diabetes
(624). In general, formula-fed infants
with rapid weight gain in the first week
of life have increased risk of later obesity
(625). Breastfeeding ≥6 months is
known to produce less childhood BMI
growth velocity than formula feeding in
children both exposed (n=89–94) and
unexposed (n=379–399) to diabetes
in utero (621,622). In these studies,
the low neonatal breastfeeding group
included ~33% of diabetic women
who exclusively or mostly formula-fed
their infants (622). Long-term studies
concluded that low breastfeeding and
high infancy weight gain in general is associated with childhood and adult obesity
(604,605,626,627,628). The complexity
of predictors of childhood obesity (gender,
birth weight, maternal prepregnancy
BMI, paternal BMI, maternal smoking in
pregnancy, in addition to breastfeeding
status) (628) may need to include
maternal carbohydrate and sugar intakes
during pregnancy (629), fetal macrosomia
at birth (630), as well as the total infant
feeding patterns over the first year of
life (631). It is difficult to account for all
possible confounders in epidemiologic
analyses, but randomized controlled trials
of breastfeeding versus formula feeding
are considered unethical, due to the
unquestioned beneficial impact of breastfeeding on infant health, such as reduced
infections (595,596).
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Intensity and duration of breastfeeding
was also associated with lower rates
of later type 2 diabetes in indigenous
Native American populations, which
included nursing mothers with diabetes
(632,633). A quantitative analysis of seven
studies confirmed that subjects who
were breastfed had a lower risk of type
2 diabetes later in life (estimates pooled
by using fixed-effect models; adjusted
OR 0.61, 95% CI 0.44–0.85) (634). In
the SEARCH Case-Control Study, breastfeeding (ever versus never) was associated
with significantly less type 2 diabetes in
youth age 10–21 years after adjusting
for 12 potential confounders (adjusted
OR 0.43, 95% CI 0.19–0.99) (635). There
was possible mediation through current
childhood weight status. Youth with type
2 diabetes in African American, Hispanic,
and non-Hispanic white groups all had
lower rates of being breastfed in infancy
(significant only in the larger Hispanic and
non-Hispanic white groups) (635).
Data on breastfeeding were rarely
included in the surveys of diabetic pregnancies listed in Tables 5.26 and 5.27.
Despite all available evidence of the
benefits of breastfeeding, women with
diabetes continue to have lower rates of
initiation and continuation of lactation in
other studies (497,636,637,638,639,640)
than do women in reference populations.
Factors delaying breastfeeding as the
first feed are the major determinant of
breastfeeding on discharge in diabetic
women (497). A host of factors influence
the success of exclusive breastfeeding
over the first 6 months (637,639,640,
641,642,643,644,645), but success is
not unattainable (639,640,646). Some
hoped that hydrolyzation of standard
cow’s formula at early weaning during
the first 4 months of life would reduce
later beta cell autoimmunity in children
of mothers with type 1 diabetes, but
that was proved not to be the case (647),
so continued exclusive breastfeeding
should be encouraged by mothers with
type 1 diabetes. Multifaceted support
(600,601,642,643,648) must be given to
improve the rates of successful breastfeeding in all diabetic women.

OBESITY, THE METABOLIC
SYNDROME, AND HEALTH IN
OFFSPRING OF DIABETIC MOTHERS
Investigators question whether pregnancy blood glucose concentrations
(very limited data points) in nondiabetic
(649,650,651,652) or mild diabetes status
independently correlate with measures of
childhood overweight/obesity at age 2–7
years (653,654,655,656,657,658,659,
660,661,662,663). There is need to
account for other influences on child
obesity, such as early pregnancy nutrition
(664,665), maternal BMI and gestational
weight gain (651,652,653,657,666,
667,668,669), female or male infant
traits in excess birth weight and later
adiposity (670,671,672,673,674,675),
and infancy feeding and weight gain
(629,630,631,637). The trialists of
treatment of mild gestational diabetes
have conducted short-term follow-up
studies of offspring (676,677,678), but
they were underpowered to detect
differences in child obesity according to
maternal treatment of glucose levels (675).
What may be most important to study
are other markers of health or future
disease, such as the metabolic syndrome
in the offspring of diabetic mothers
(590,679,680,681,682,683).
Offspring of mothers with type 1 or
type 2 diabetes during the pregnancies usually showed more obesity and
adiposity than reference populations
(620,657,681,684,685,686). There
were also increases in markers for
cardiometabolic disease in the children
(681,687), youth (666,686), and adult
offspring (594,688,689) of diabetic
mothers. However, mothers with type 1
diabetes and adequate glycemic control
(group mean A1c 6.2% [44 mmol/mol])
in a nationwide study in the Netherlands
had offspring age 6–8 years with no
higher prevalence of overweight (unless
macrosomic at birth) (690) and no greater
frequency of components of the metabolic
syndrome than controls (691).
A large prospective combined clinical and
register-based cohort follow-up study
(13–21 years) was conducted in 1,326
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offspring of women with type 1 diabetes
in Denmark, with results compared to
131,884 controls (692). Overall mortality
(HR 2.10, 95% CI 1.33–3.30, significant
only up to age 1 year) and incidence of
hospital admissions (12 diagnostic categories) up to age 15 years (incidence rate
ratio 1.45, 95% CI 1.38–1.53) were significantly increased among the index children,
and the incidence of hospital admissions
was related to maternal A1c before and
during early pregnancy (692).

MENTAL AND PSYCHOMOTOR
DEVELOPMENT OF CHILDREN OF
DIABETIC MOTHERS
Studies reported in 1991–2001 (693,
694,695,696,697,698,699,700) of
impaired intelligence, memory, fine and
gross motor function, emotion processing,
and higher rates of inattention and/
or hyperactivity in children of diabetic
mothers, and their correlation with poor
maternal metabolic control have been
reviewed (701). Continuing studies extend
investigation of neural correlates to ages
3–4 (702) and 10 years (703).
More recently, in a population-based
cohort study up to age 24 months in
upstate New York, children of mothers
with pregestational diabetes took longer
to achieve motor milestones than nonexposed children, independent of maternal
obesity, gestational age, or birthweight
(704). Minor deviances in infant motor
development (low tone symptoms) may
be associated with an increase in delays
in nonverbal cognitive function at age
2.5 years in general studies (705), and
with poor other mental functions at age
6–9 years, but not nonverbal intelligence
or language comprehension (706). A
confounder in such testing may be
delivery at the earlier end of the so-called
normal gestational age range 37–41
weeks (707,708), which can certainly be
an issue in infants of diabetic mothers.
The extent of breastfeeding may also be a
factor in determining developmental delay
(709).
Follow-up of 40 children age 6–12 years
of women with type 1 diabetes in England

showed no difference in overall full-scale
IQ compared to U.K. normative data, but
there was poorer working memory (710).
A Danish population-based cohort study
of 282 Danish male offspring of mothers
with diabetes born between 1976 and
1984 compared to population-based
control subjects up to military conscription revealed a slightly higher army
rejection rate and similar group mean
cognitive scores (711), but in a subset with
available lab values, there was an inverse
relation of maternal A1c (711) and fasting
blood glucose levels >180 mg/dL (712)
with the validated intelligence test. Among
357,768 Swedish males, lower intellectual
performance at military conscription was
associated with being born SGA at term,
or with shorter length, and smaller head
circumference at any gestational age, all
independent of maternal, socioeconomic,
or familial factors. Maternal diabetes was
not considered in this study (713,714).
Another Danish follow-up study of 158
adult offspring of women with type 1
diabetes compared to a matched reference group found lower global cognitive
scores in the subjects, but the difference
was insignificant when adjusted for
psychosocial confounders, and there was
no association with maternal glycemia
during pregnancy (715). Delivery <34
weeks gestation predicted lower cognitive
scores, and the authors reasoned that this
could explain a previous association with
poorly controlled diabetic mothers (715).
Large epidemiologic surveys reported
lower school marks in Swedish 16-year-old
offspring of diabetic women (716), a
consistent negative association between
maternal A1c levels >7.4% in pregnancy
and primary school grades in Denmark
(717), and lower cognition and educational
attainment in children (ages 4, 8, or 16
years) of women with type 1 diabetes in
southwest England (Avon Longitudinal
study), even with adjustment for many
potential confounders (718). Additional
analysis of the Avon study confirmed
that 8-year-old offspring of mothers with
existing diabetes, gestational diabetes,
or glycosuria twice during pregnancy

exhibited a lower IQ score than children
born to nondiabetic mothers (mean difference -3.5, 95% CI -5.6 to -1.5, p=0.001),
with adjustment for child’s age and sex,
maternal age at delivery, gestational age,
birthweight, and duration of breastfeeding
(719). The authors were suspicious of a
likely causal link between fetal exposure
to glucose and the children’s IQ scores,
because there were mixed results for the
association of maternal genetic variants
for fasting glucose and type 2 diabetes
with lower or higher child IQ test results
(719). Results may have been diluted
by inclusion of women with gestational
diabetes (720), and certainly glycosuria, which may occur in nondiabetic
pregnancy.
A study linked national registers in Sweden
to explore associations between maternal
pregnancy diabetes and male offspring
educational achievement at age 16 years,
as well as IQ at the mandatory military
conscription examination at age 18 years
(721). Among nonsiblings, maternal
diabetes was significantly associated with
slightly lower offspring cognitive ability,
even after adjustment for maternal age at
birth, parity, education, early pregnancy
BMI, offspring birth year, gestational
age, and birth weight. But since no such
association was found within sibships, the
authors concluded that the relation of
maternal diabetes to offspring cognitive
outcomes “is likely explained by shared
familial characteristics and not by an intrauterine mechanism” (721).
Systematic reviews of studies of the
possible effects of maternal prenatal
distress and poor nutrition (722) or
maternal diabetes (723) on neurocognitive development in offspring point
out the difficulties of determining
the impact of these states on later
health and well-being. One important
confounder in these studies of the results
of diabetes in pregnancy is likely to
be maternal-placental-fetal-infant iron,
copper, triiodothyronine, selenium, and
zinc status (724,725,726,727,728,729,
730,731,732) and their interrelated
homeostatic mechanisms in the brain.
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Increased risks of schizophrenia (733)
and autism in offspring have also been
linked to maternal diabetes (734,735) or
gestational diabetes (736) in the index

pregnancies. Research will continue on
the possible influences of in utero state,
maternal diabetes and its comorbidities,
and pregnancy complications and infant

characteristics on the long-term development of neurologic and psychological
function.

LIST OF ABBREVIATIONS
A1c. . . . . . . . . .glycosylated hemoglobin
AAP . . . . . . . . .American Academy of Pediatrics
AC . . . . . . . . . .abdominal circumference
ADA . . . . . . . . .American Diabetes Association
AGA . . . . . . . . .appropriate-for-gestational age
ASD . . . . . . . . .atrial septal defect
BMI . . . . . . . . .body mass index
BPP . . . . . . . . .brachial plexus palsy
BRFSS . . . . . . .Behavioral Risk Factor Surveillance System
CDC . . . . . . . . .Centers for Disease Control and Prevention
CI . . . . . . . . . . .confidence interval
CP . . . . . . . . . .cerebral palsy
CSII . . . . . . . . .continuous subcutaneous insulin infusion
DCCT . . . . . . . .Diabetes Control and Complications Trial
DIEP. . . . . . . . .Diabetes in Early Pregnancy study
DKA . . . . . . . . .diabetic ketoacidosis
DVT . . . . . . . . .deep vein thrombosis
EUROCAT . . . .European Surveillance of Congenital
Anomalies
FBG . . . . . . . . .fasting blood glucose
FPG . . . . . . . . .fasting plasma glucose
GPRD . . . . . . . .General Practice Research Database
HC . . . . . . . . . .head circumference
HR . . . . . . . . . .hazard ratio
IADPSG . . . . . .International Association of Diabetes and
Pregnancy Study Groups
IBP. . . . . . . . . .insulin before pregnancy
ICD-9/10 . . . . .International Classification of Diseases, Ninth/
Tenth Revision
IDM1/IDM2 . . .infants of type 1/2 diabetic mothers
IQ . . . . . . . . . . .intelligence quotient
KPNC . . . . . . . .Kaiser Permanente Northern California
KPSC . . . . . . . .Kaiser Permanente Southern California

LGA . . . . . . . . .large-for-gestational age
NE . . . . . . . . . .neonatal encephalopathy
NHANES . . . . .National Health and Nutrition Examination
Survey
NICE . . . . . . . .U.K. National Institute for Health and Care
Excellence
NICU . . . . . . . .neonatal intensive care unit
NPDR. . . . . . . .non-proliferative diabetic retinopathy
NS . . . . . . . . . .nonsignificant
NVSS . . . . . . . .National Vital Statistics System
OGTT . . . . . . . .oral glucose tolerance test
OR . . . . . . . . . .odds ratio
PAR . . . . . . . . .population attributable risk
PDR . . . . . . . . .proliferative diabetic retinopathy
PE . . . . . . . . . .pulmonary embolism
PI . . . . . . . . . . .ponderal index
PIH. . . . . . . . . .pregnancy-induced hypertension
POR . . . . . . . . .prevalence odds ratio
PRAMS . . . . . .Pregnancy Risk Assessment Monitoring
System
RDS . . . . . . . . .respiratory distress syndrome
RR . . . . . . . . . .relative risk
SD . . . . . . . . . .standard deviation
SE . . . . . . . . . .standard error
SEARCH . . . . .SEARCH for Diabetes in Youth Study
SGA . . . . . . . . .small-for-gestational age
THIN. . . . . . . . .The Health Improvement Network
TTN . . . . . . . . .transient tachypnea of the newborn
USPSTF . . . . . .United States Preventive Services Task Force
VSD . . . . . . . . .ventricular septal defect
VTE . . . . . . . . .venous thromboembolism
WBN . . . . . . . .Well Baby Nursery

CONVERSIONS

DUALITY OF INTEREST

ACKNOWLEDGMENTS

Conversions for A1c and glucose
values are provided in Diabetes in
America Appendix 1 Conversions.

Drs. Kitzmiller, Ferrara, Cissell, and
Kim and Ms. Peng reported no
conflicts of interest.

Dr. Cissell was supported by a
contract from the National Institute
of Diabetes and Digestive and Kidney
Diseases (GS10F0381L).

5–76

Preexisting Diabetes and Pregnancy

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

Kitzmiller JL: Sweet success with diabetes.
The development of insulin therapy and
glycemic control for pregnancy. Diabetes
Care 16(Suppl 3):107–121, 1993
Colstrup M, Mathiesen ER, Damm P,
Jensen DM, Ringholm L: Pregnancy in
women with type 1 diabetes: have the
goals of St. Vincent declaration been met
concerning foetal and neonatal complications? J Matern Fetal Neonatal Med
26:1682–1686, 2013
Mills JL, Knopp RH, Simpson JL,
Jovanovic-Peterson L, Metzger BE,
Holmes LB, Aarons JH, Brown Z, Reed GF,
Bieber FR, Van Allen M, Holzman I, Ober
C, Peterson CM, Withiam MJ, Duckles A,
Mueller-Huebach E, Polk BF; the National
Institute of Child Health and Human
Development Diabetes in Early Pregnancy
Study: Lack of relation of increased
malformation rates in infants of diabetic
mothers to glycemic control during organogenesis. N Engl J Med 318:671–676,
1988
Jovanovic-Peterson L, Peterson CM,
Reed GF, Metzger BE, Mills JL, Knopp
RH, Aarons JH: Maternal postprandial
glucose levels and infant birth weight: the
Diabetes in Early Pregnancy Study. The
National Institute of Child Health and
Human Development—Diabetes in Early
Pregnancy Study. Am J Obstet Gynecol
164:103–111, 1991
Chew EY, Mills JL, Metzger BE, Remaley
NA, Jovanovic-Peterson L, Knopp RH,
Conley M, Rand L, Simpson JL, Holmes
LB, Aarons JH; National Institute of
Child Health and Human Development
Diabetes in Early Pregnancy Study:
Metabolic control and progression of retinopathy. The Diabetes in Early Pregnancy
Study. Diabetes Care 18:631–637, 1995
The Diabetes Control and Complications
Trial Research Group: Pregnancy
outcomes in the Diabetes Control and
Complications Trial. Am J Obstet Gynecol
174:1343–1353, 1996
The Diabetes Control and Complications
Trial Research Group: The effect of pregnancy on microvascular complications in
the Diabetes Control and Complications
Trial. Diabetes Care 23:1084–1091, 2000
Engelgau M, Herman WH, Smith PJ,
German RR, Aubert RE: The epidemiology
of diabetes and pregnancy in the U.S.,
1988. Diabetes Care 18:1029–1033,
1995
Krieger N: Overcoming the absence
of socioeconomic data in medical
records: validation and application of a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

census-based methodology. Am J Public
Health 82:703–710, 1992
Ferrara A, Kahn HS, Quesenberry CP,
Riley C, Hedderson MM: An increase in
the incidence of gestational diabetes
mellitus: Northern California, 1991–2000.
Obstet Gynecol 103:526–533, 2004
Ferrara A, Peng T, Kim C: Trends in
postpartum diabetes screening and
subsequent diabetes and impaired fasting
glucose among women with histories of
gestational diabetes mellitus: a report
from the Translating Research Into Action
for Diabetes (TRIAD) Study. Diabetes Care
32:269–274, 2009
National Center for Health Statistics:
National Vital Statistics System: Datasets
and Related Documentation for Birth
Data [article online], 2015. Available from
https://www.cdc.gov/nchs/nvss/birth_
methods.htm. Accessed 16 July 2016
International Association of Diabetes
in Pregnancy Study Group (IADPSG)
Working Group on Outcome Definitions;
Feig DS, Corcoy R, Jensen DM, KautzkyWiller A, Nolan CJ, Oats JJ, Sacks DA,
Caimari F, McIntyre HD: Diabetes in
pregnancy outcomes: a systematic review
and proposed codification of definitions.
Diabetes Metab Res Rev 31:680–690,
2015
Elixhauser A, Steiner C, Harris DR, Coffey
RM: Comorbidity measures for use with
administrative data. Med Care 36:8–27,
1998
Bateman BT, Mhyre JM, HernandezDiaz S, Huybrechts KF, Fischer MA,
Creanga AA, Callaghan WM, Gagne JJ:
Development of a comorbidity index for
use in obstetric patients. Obstet Gynecol
122:957–965, 2013
Metcalfe A, Lix LM, Johnson JA, Currie G,
Lyon AW, Bernier F, Tough SC: Validation
of an obstetric comorbidity index in an
external population. BJOG 122:1748–
1755, 2015
Klimek P, Kautsky-Willer A, Chmiel
A, Schiller-Fruhwirth I, Thurner S:
Quantification of diabetes comorbidity
risks across life using nation-wide
big claims data. PLOS Comput Biol
11:e1004125, 2015
Zulman DM, Martins SB, Liu Y, Tu SW,
Hoffman BB, Asch SM, Goldstein MK:
Using a clinical knowledge base to assess
comorbidity interrelatedness among
patients with multiple chronic conditions.
AMIA Annu Symp Proc 2015:1381–1389,
2015
Stausberg J, Hagn S: New morbidity
and comorbidity scores based on the

20.

21.

22.

23.

24.

25.

26.

27.

structure of the ICD-10. PLOS ONE
10:e0143365, 2015
Razzaghi H, Marcinkevage J, Peterson
C: Prevalence of undiagnosed diabetes
among non-pregnant women of reproductive age in the United States, 1999–2010.
Prim Care Diabetes 9:71–73, 2015
Marcinkevage JA, Alverson CJ, Narayan
KM, Kahn HS, Ruben J, Correa A: Race/
ethnicity disparities in dysglycemia
among U.S. women of childbearing age
found mainly in the nonoverweight/
nonobese. Diabetes Care 36:3033–3039,
2013
D’Angelo D, Williams L, Morrow B, Cox
S, Harris N, Harrison L, Posner SF, Hood
JR, Zapata L; Centers for Disease Control
and Prevention (CDC): Preconception and
interconception health status of women
who recently gave birth to a live-born
infant—Pregnancy Risk Assessment
Monitoring System (PRAMS), United
States, 26 reporting areas, 2004. MMWR
Surveill Summ 56:1–35, 2007
Robbins CL, Zapata LB, Farr SL,
Kroelinger CD, Morrow B, Ahluwalia
I, D’Angelo DV, Barradas D, Cox S,
Goodman D, Williams L, Grigorescu V,
Barfield WD; Centers for Disease Control
and Prevention (CDC): Core state preconception health indicators—Pregnancy
Risk Assessment Monitoring System
and Behavioral Risk Factor Surveillance
System, 2009. MMWR Surveill Summ
63:1–62, 2014
Chuang CH, Hillemeier MM, Dyer AM,
Weisman CS: The relationship between
pregnancy intention and preconception
health behaviors. Prev Med 53:85–88,
2011
Hayes DK, Fan AZ, Smith RA, Bombard
JM: Trends in selected chronic conditions
and behavioral risk factors among women
of reproductive age, Behavioral Risk
Factor Surveillance System, 2001–2009.
Prev Chronic Dis 8:A120, 2011
Vahratian A, Barber JS, Lawrence JM,
Kim C: Family-planning practices among
women with diabetes and overweight
and obese women in the 2002 National
Survey for Family Growth. Diabetes Care
32:1026–1031, 2009
Lawrence JM, Andrade SE, Avalos LA,
Beaton SJ, Chiu VY, Davis RL, Dublin S,
Pawloski PA, Raebel MA, Smith DH, Toh
S, Wang JQ, Kaplan S, Amini T, Hampp
C, Hammad TA, Scott PE, Cheetham TC;
Medication Exposure in Pregnancy Risk
Evaluation Program (MEPREP) Study
Group: Prevalence, trends, and patterns
of use of antidiabetic medications among
5–77

DIABETES IN AMERICA, 3rd Edition

28.

29.

30.

31.

32.

33.

34.

35.

pregnant women, 2001–2007. Obstet
Gynecol 121:106–114, 2013
Denny CH, Floyd RL, Green PP, Hayes DK:
Racial and ethnic disparities in preconception risk factors and preconception care.
J Womens Health (Larchmt) 21:720–729,
2012
Robbins CL, Dietz PM, Bombard J,
Tregear M, Schmidt SM, Tregear SJ:
Lifestyle interventions for hypertension
and dyslipidemia among women of reproductive age. Prev Chronic Dis 8:A123,
2011
Harelick L, Viola D, Tahara D:
Preconception health of low socioeconomic status women: assessing
knowledge and behaviors. Womens
Health Issues 21:272–276, 2011
Writing Group for the SEARCH for
Diabetes in Youth Study Group; Dabelea
D, Bell RA, D’Agostino RB, Jr., Imperatore
G, Johansen JM, Linder B, Liu LL, Loots
B, Marcovina S, Mayer-Davis EJ, Pettitt
DJ, Waitzfelder B: Incidence of diabetes
in youth in the United States. JAMA
297:2716–2724, 2007
Bell RA, Mayer-Davis EJ, Beyer JW,
D’Agostino RB, Jr., Lawrence JM, Linder
B, Liu LL, Marcovina SM, Rodriguez BL,
Williams D, Dabelea D; the SEARCH for
Diabetes in Youth Study Group: Diabetes
in non-Hispanic white youth: prevalence,
incidence, and clinical characteristics:
the SEARCH for Diabetes in Youth Study.
Diabetes Care 32(Suppl 2):S102–S111,
2009
Lawrence JM, Mayer-Davis EJ, Reynolds
K, Beyer J, Pettitt DJ, D’Agostino RB, Jr.,
Marcovina SM, Imperatore G, Hamman
RF; the SEARCH for Diabetes in Youth
Study Group: Diabetes in Hispanic
American youth: prevalence, incidence,
demographics, and clinical characteristics: the SEARCH for Diabetes in Youth
Study. Diabetes Care 32(Suppl 2):S123–
S132, 2009
Liu LL, Yi JP, Beyer J, Mayer-Davis EJ,
Dolan LM, Dabelea DM, Lawrence JM,
Rodriguez BL, Marcovina SM, Waitzfelder
BE, Fujimoto WY; the SEARCH for
Diabetes in Youth Study Group: Type 1
and type 2 diabetes in Asian and Pacific
Islander U.S. youth: the SEARCH for
Diabetes in Youth Study. Diabetes Care
32(Suppl 2):S133–S140, 2009
Mayer-Davis EJ, Beyer J, Bell RA, Dabelea
D, D’Agostino RB, Jr., Imperatore G,
Lawrence JM, Liese AD, Liu L, Marcovina
S, Rodriguez B; the SEARCH for Diabetes
in Youth Study Group: Diabetes in African
American youth: prevalence, incidence,
and clinical characteristics: the SEARCH

5–78

36.

37.

38.

39.

40.

41.

42.

43.

44.

for Diabetes in Youth Study. Diabetes
Care 32(Suppl 2):S112–122, 2009
Dabelea D, Mayer-Davis EJ, Saydeh S,
Imperatore G, Linder B, Divers J, Bell
R, Badaru A, Talton JW, Crume T, Liese
AD, Merchant AT, Lawrence JM, Reynolds
K, Dolan L, Liu LL, Hamman RF; the
SEARCH for Diabetes in Youth Study:
Prevalence of type 1 and type 2 diabetes
among children and adolescents from
2001 to 2009. JAMA 311:1778–1786,
2014
Pettitt DJ, Talton J, Dabelea D, Divers
J, Imperatore G, Lawrence JM, Liese
AD, Linder B, Mayer-Davis EJ, Pihoker
C, Saydah SH, Standiford DA, Hamman
RF; SEARCH for Diabetes in Youth Study
Group: Prevalence of diabetes in U.S.
youth in 2009: the SEARCH for Diabetes
in Youth Study. Diabetes Care 37:402–
408, 2014
Hamman RF, Bell RA, Dabelea D,
D’Agostino RB, Jr., Dolan L, Imperatore
G, Lawrence JM, Linder B, Marcovina
SM, Mayer-Davis EJ, Pihoker C, Rodriguez
BL, Saydah S; the SEARCH for Diabetes
in Youth Study Group: The SEARCH for
Diabetes in Youth Study: rationale, findings, and future directions. Diabetes Care
37:3336–3344, 2014
Dean SV, Lassi ZS, Imam AM, Bhutta ZA:
Preconception care: promoting reproductive planning. Reprod Health 11(Suppl
3):S2, 2014
American Diabetes Association:
Standards of medical care in
diabetes—2018. 13. Management of
diabetes in pregnancy. Diabetes Care
41(Suppl 1):S137–S143, 2018
Bismuth E, Bouche C, Caliman C, Lepercq
J, Lubin V, Rouge D, Timsit J, Vambergue
A; French-Speaking Diabetes Society:
Management of pregnancy in women
with type 1 diabetes mellitus: guidelines
of the French-Speaking Diabetes Society
(Societe Francophone du Diabete [SFD]).
Diabetes Metab 38:205–216, 2012
National Collaborating Centre for
Women’s and Children’s Health (UK):
Diabetes in Pregnancy: Management of
Diabetes and Its Complications From
Preconception to the Postnatal Period.
NICE Guideline, No. 3. London, U.K.:
National Institute for Health and Care
Excellence (UK), 2015
Canadian Diabetes Association: Executive
Summary. Diabetes and pregnancy. Can J
Diabetes 37(Suppl 3):S343–S346, 2013
Canadian Diabetes Association Clinical
Practice Guidelines Expert Committee;
Thompson D, Berger H, Feig D, Gagnon R,
Kader T, Keely E, Kozak S, Ryan E, Sermer
M, Vinokuroff C: Diabetes and pregnancy.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Can J Diabetes 37(Suppl 1):S168–S183,
2013
Conde-Agudelo A, Rosas-Bermudez A,
Kafury-Goeta AC: Birth spacing and risk
of adverse perinatal outcomes: a metaanalysis. JAMA 295:1809–1823, 2006
Grisaru-Granovsky S, Gordon ES, Haklai
Z, Samueloff A, Schimmel MM: Effect
of interpregnancy interval on adverse
perinatal outcomes—a national study.
Contraception 80:512–518, 2009
Hussaini KS, Ritenour D, Coonrod DV:
Interpregnancy intervals and the risk for
infant mortality: a case control study of
Arizona infants 2003–2007. Matern Child
Health J 17:646–653, 2013
DeFranco EA, Seske LM, Greenberg JM,
Muglia LJ: Influence of interpregnancy
interval on neonatal morbidity. Am J
Obstet Gynecol 212:386.e1–386.e9, 2015
Ball SJ, Pereira G, Jacoby P, de Klerk N,
Stanley FJ: Re-evaluation of link between
interpregnancy interval and adverse birth
outcomes: retrospective cohort study
matching two intervals per mother. BMJ
349:g4333, 2014
Kwon S, Lazo-Escalante M, Villaran MV, Li
CV: Relationship between interpregnancy
interval and birth defects in Washington
State. J Perinatol 32:45–50, 2012
Chen I, Jhangri GS, Chandra S:
Relationship between interpregnancy
interval and congenital anomalies. Am
J Obstet Gynecol 210:564.e1–564.e8,
2014
Dolan SM: Interpregnancy interval and
congenital anomalies. Am J Obstet
Gynecol 210:498–499, 2014
Kim C: Managing women with gestational
diabetes mellitus in the postnatal period.
Diabetes Obes Metab 12:20–25, 2010
Jovanovic L, Liang Y, Weng W, Hamilton
M, Chen L, Wintfeld N: Trends in the
incidence of diabetes, its clinical sequelae,
and associated costs in pregnancy.
Diabetes Metab Res Rev 31:707–716,
2015
Lawrence JM, Black MH, Hsu JW, Chen
W, Sacks DA: Prevalence and timing of
postpartum glucose testing and sustained
glucose dysregulation after gestational
diabetes. Diabetes Care 33:569–576,
2010
Hale NL, Probst JC, Liu J, Martin AB,
Bennett KJ, Glover S: Postpartum
screening for diabetes among Medicaideligible South Carolina women with
gestational diabetes. Womens Health
Issues 22:e163–e169, 2012
Oza-Frank R: Postpartum diabetes testing
among women with recent gestational
diabetes mellitus: PRAMS 2009–2010.
Matern Child Health J 18:729–736, 2014

Preexisting Diabetes and Pregnancy
58. O’Reilly MW, Avalos G, Dennedy MC,
O’Sullivan EP, Dunne F: Atlantic DIP: high
prevalence of abnormal glucose tolerance
post partum is reduced by breast-feeding
in women with prior gestational diabetes
mellitus. Eur J Endocrinol 165:953–959,
2011
59. Shah BR, Lipscombe LL, Feig DS, Lowe
JM: Missed opportunities for type 2
diabetes testing following gestational
diabetes: a population-based cohort study.
BJOG 118:1484–1490, 2011
60. Nielsen KK, Kapur A, Damm P, de
Courten M, Bygbjerg IC: From screening
to postpartum follow-up—the determinants and barriers for gestational diabetes
mellitus (GDM) services, a systematic
review. BMC Pregnancy Childbirth 14:41,
2014
61. Olesen CR, Nielsen JH, Mortensen RN,
Boggild H, Torp-Pedersen C, Overgaard C:
Associations between follow-up screening
after gestational diabetes and early detection of diabetes—a register based study.
BMC Public Health 14:841, 2014
62. Cosson E, Bihan H, Vittaz L, Khiter
C, Carbillon L, Faghfouri F, Leboeuf
D, Dauphin H, Lepagnol A, Reach G,
Valensi P: Improving postpartum glucose
screening after gestational diabetes
mellitus: a cohort study to evaluate the
multicentre IMPACT initiative. Diabet Med
32:189–197, 2015
63. Aroda VR, Christophi CA, Edelstein SL,
Zhang P, Herman WH, Barrett-Connor E,
Delahanty LM, Montez MG, Ackermann
RT, Zhuo X, Knowler WC, Ratner RE;
Diabetes Prevention Program Research
Group: The effect of lifestyle intervention
and metformin on preventing or delaying
diabetes among women with and without
gestational diabetes: the Diabetes
Prevention Program Outcomes Study
10-year follow-up. J Clin Endocrinol Metab
100:1646–1653, 2015
64. Perez-Ferre N, Del Valle L, Torrejon MJ,
Barca I, Calvo MI, Matia P, Rubio MA,
Calle-Pascual AL: Diabetes mellitus and
abnormal glucose tolerance development
after gestational diabetes: a three-year,
prospective, randomized, clinical-based,
Mediterranean lifestyle interventional
study with parallel groups. Clin Nutr
34:579–585, 2015
65. Chuang C, Chase GA, Bensyl DM,
Weisman CS: Contraceptive use by
diabetic and obese women. Womens
Health Issues 15:167–173, 2005
66. Schwarz EB, Maselli J, Gonzales R:
Contraceptive counseling of diabetic
women of reproductive age. Obstet
Gynecol 107:1070–1074, 2006

67. Shawe J, Mulnier H, Nicholls P, Lawrenson
R: Use of hormonal contraceptive
methods by women with diabetes. Prim
Care Diabetes 2:195–199, 2008
68. Schwarz EB, Postlethwaite D, Hung YY,
Lantzman E, Armstrong MA, Horberg
MA: Provision of contraceptive services
to women with diabetes mellitus. J Gen
Intern Med 27:196–201, 2012
69. Perritt JB, Burke A, Jamshidli R, Wang
J, Fox M: Contraception counseling,
pregnancy intention and contraception
use in women with medical problems:
an analysis of data from the Maryland
Pregnancy Risk Assessment Monitoring
System (PRAMS). Contraception 88:263–
268, 2013
70. DeNoble AE, Hall KS, Xu X, Zochowski MK,
Piehl K, Dalton VK: Receipt of prescription
contraception by commercially insured
women with chronic medical conditions.
Obstet Gynecol 123:1213–1220, 2014
71. Kitzmiller JL, Wallerstein R, Correa A,
Kwan S: Preconception care for women
with diabetes and prevention of major
congenital malformations. Birth Defects
Res A Clin Mol Teratol 88:791–803, 2010
72. Ray JG, O’Brien TE, Chan WS:
Preconception care and the risk of
congenital anomalies in the offspring
of women with diabetes mellitus: a
meta-analysis. QJM 94:435–444, 2001
73. Wahabi HA, Alzeidan RA, Esmaeil SA:
Pre-pregnancy care for women with
pre-gestational diabetes mellitus: a
systematic review and meta-analysis.
BMC Public Health 12:792, 2012
74. Allen VM, Armson BA, Wilson RD, Allen
VM, Blight C, Gagnon A, Johnson JA,
Langlois S, Summers A, Wyatt P, Farine D,
Armson BA, Crane J, Delisle MF, KeenanLindsay L, Morin V, Schneider CE, Van
Aerde J; Society of Obstetricians and
Gynecologists of Canada: Teratogenicity
associated with pre-existing and gestational diabetes. [Article in English, French]
J Obstet Gynaecol Can 29:927–944, 2007
75. Shannon GD, Alberg C, Nacul L, Pashayan
N: Preconception healthcare and congenital disorders: systematic review of the
effectiveness of preconception care
programs in the prevention of congenital disorders. Matern Child Health J
18:1354–1379, 2014
76. Shannon GD, Alberg C, Nacul L, Pashayan
N: Preconception healthcare delivery at
a population level: construction of public
health models of preconception care.
Matern Child Health J 18:1512–1531,
2014
77. Shannon GD, Alberg C, Nacul L, Pashayan
N: Preconception health care and congenital disorders: mathematical modeling

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

of the impact of a preconception care
programme on congenital disorders.
BJOG 120:555–566, 2013
Simeone RM, Devine OJ, Marcinkevage
JA, Gilboa SM, Razzaghi H, Bardenheier
BH, Sharma AJ, Honein MA: Diabetes and
congenital heart defects: a systematic
review, meta-analysis, and modeling
project. Am J Prev Med 48:195–204,
2015
Elixhauser A, Weschler JM, Kitzmiller JL,
Marks JS, Bennert HW, Jr., Coustan DR,
Gabbe SG, Herman WH, Kaufmann RC,
Ogata ES, Sepe SJ: Cost-benefit analysis
of preconception care for women with
established diabetes mellitus. Diabetes
Care 16:1146–1157, 1993
Herman WH, Janz NK, Becker MP,
Charron-Prochownik D: Diabetes and
pregnancy. Preconception care, pregnancy outcomes, resource utilization and
costs. J Reprod Med 44:33–38, 1999
Peterson C, Grosse SD, Li R, Sharma
AJ, Razzaghi H, Herman WH, Gilboa SM:
Preventable health and cost burden of
adverse birth outcomes associated with
pregestational diabetes in the United
States. Am J Obstet Gynecol 212:74.
e1–74.e9, 2015
Mosher WD, Jones J, Abma JC: Intended
and unintended births in the United
States: 1982–2010. Natl Health Stat
Report 55:1–28, 2012
D’Angelo DV, Le B, O’Neil ME, Williams
L, Ahluwalia IB, Harrison LL, Floyd RL,
Grigorescu V; Centers for Disease Control
and Prevention (CDC): Patterns of health
insurance coverage around the time of
pregnancy among women with live-born
infants—Pregnancy Risk Assessment
Monitoring System, 29 states, 2009.
MMWR Surveill Summ 64:1–19, 2015
Finer LB, Zolna MR: Shifts in intended
and unintended pregnancies in the United
States, 2001–2008. Am J Public Health
104(Suppl 1):S43–S48, 2014
Kachoria R, Oza-Frank R: Receipt of
preconception care among women with
prepregnancy and gestational diabetes.
Diabet Med 31:1690–1695, 2014
Kim C, Ferrara A, McEwen LN, Marrero
DG, Gerzoff RB, Herman WH; TRIAD
Study Group: Preconception care in
managed care: the Translating Research
Into Action for Diabetes Study. Am J
Obstet Gynecol 192:227–232, 2005
McElvy SS, Miodovnik M, Rosenn B,
Khoury JC, Siddiqi T, Dignan PS, Tsang
RC: A focused preconceptional and early
pregnancy program in women with type 1
diabetes reduces perinatal mortality and
malformation rates to general population
levels. J Matern Fetal Med 9:14–20, 2000

5–79

DIABETES IN AMERICA, 3rd Edition

88. Owens LA, Egan AM, Carmody L, Dunne
F: Ten years of optimizing outcomes for
women with type 1 and type 2 diabetes in
pregnancy—the Atlantic DIP experience.
J Clin Endocrinol Metab 101:1598–1605,
2016
89. Egan AM, Danyliv A, Carmody L, Kirwan B,
Dunne FP: A prepregnancy care program
for women with diabetes: effective and
cost saving. J Clin Endocrinol Metab
101:1807–1815, 2016
90. Lipscombe LL, McLaughlin HM, Wu W,
Feig DS: Pregnancy planning in women
with pregestational diabetes. J Matern
Fetal Neonatal Med 24:1095–1101, 2011
91. Feig DS, Hwee J, Shah BR, Booth GL,
Bierman AS, Lipscombe LL: Trends in
incidence of diabetes in pregnancy and
serious perinatal outcomes: a large population-based study in Ontario, Canada,
1996–2010. Diabetes Care 37:1590–
1596, 2014
92. Boulot P, Chabbert-Buffet N, d’Ercole C,
Floriot M, Fontaine P, Fournier A, Gillet
JY, Gin H, Grandperret-Vauthier S, Geudj
AM, Guionnet B, Hauguel-de-Mouzon
S, Hieronimus S, Hoffet M, Jullien
D, Lamotte MF, Lejeune V, Lepercq J,
Lorenzi F, Mares P, Miton A, Penfornis
A, Pfister B, Renard E, Rodier M, Roth P,
Sery GA, Timsit J, Valat AS, Vambergue
A, Verier-Mine O; Diabetes and Pregnancy
Group, France: French multicentric survey
of outcome of pregnancy in women with
pregestational diabetes. Diabetes Care
26:2990–2993, 2003
93. Jensen DM, Damm P, Moelsted-Pedersen
L, Ovesen P, Westergaard JG, Moeller
M, Beck-Nielsen H: Outcomes in type
1 diabetic pregnancies: a nationwide
population-based study. Diabetes Care
27:2819–2823, 2004
94. Pearson DW, Kernaghan D, Lee R, Penney
GC; Scottish Diabetes in Pregnancy Study
Group: The relationship between pre-pregnancy care and early pregnancy loss,
major congenital anomaly, or perinatal
death in type I diabetes mellitus. BJOG
114:104–107, 2007
95. Lapolla A, Dalfra M, Di Cianni G, Bonomo
M, Parretti E, Mello G; Scientific
Committee of the GISOGD Group: A
multicenter Italian study on pregnancy
outcome in women with diabetes. Nutr
Metab Cardiovasc Dis 18:291–297, 2008
96. Murphy HR, Roland JM, Skinner TC,
Simmons D, Gurnell E, Morrish NJ, Soo
SC, Kelly S, Lim B, Randall J, Thompsett
S, Temple RC: Effectiveness of a regional
prepregnancy care program in women
with type 1 and type 2 diabetes: benefits
beyond glycemic control. Diabetes Care
33:2514–2520, 2010

5–80

97. Tripathi A, Rankin J, Aarvold J, Chandler
C, Bell R: Preconception counseling in
women with diabetes: a population-based
study in the north of England. Diabetes
Care 33:586–588, 2010
98. Holman N, Lewis-Barned N, Bell
R, Stephens H, Modder J, Gardosi J,
Dornhorst A, Hillson R, Young B, Murphy
HR; NHS Diabetes in Pregnancy Dataset
Development Group: Development and
evaluation of a standardized registry for
diabetes in pregnancy using data from
the Northern, North West and East Anglia
regional audits. Diabet Med 28:797–804,
2011
99. Bell R, Glinianaia SV, Tennant PW, Bilous
RW, Rankin J: Peri-conception hyperglycaemia and nephropathy are associated
with risk of congenital anomaly in women
with pre-existing diabetes: a population-based cohort study. Diabetologia
55:936–947, 2012
100. Evers IM, de Valk HW, Visser GH: Risk of
complications of pregnancy in women
with type 1 diabetes: nationwide prospective study in the Netherlands. BMJ
328:915, 2004
101. Glinianaia SV, Tennant PW, Crowder D,
Nayar R, Bell R: Fifteen-year trends and
predictors of preparation for pregnancy
in women with pre-conception type 1
and type 2 diabetes: a population-based
cohort study. Diabet Med 31:1104–1113,
2014
102. Tennant PW, Bilous RW, Prathapan S,
Bell R: Risk and recurrence of serious
adverse outcomes in the first and second
pregnancies of women with preexisting
diabetes. Diabetes Care 38:610–619,
2015
103. Riskin-Mashiah S, Auslander R, Almog
R: The quality of periconception medical
care in women with diabetes needs
improvement. Diabetes Care 37:678–685,
2014
104. O’Kane MJ, Lynch PL, Moles KW, Magee
SW: Determination of a Diabetes Control
and Complications Trial-aligned HbA(1c)
reference range in pregnancy. Clin Chim
Acta 311:157–159, 2001
105. Nielsen GL, Moller M, Sorensen HT:
HbA1c in early diabetic pregnancy
and pregnancy outcomes: a Danish
population-based cohort study of 573
pregnancies in women with type 1
diabetes. Diabetes Care 29:2612–2616,
2006
106. O’Shea P, O’Connor C, Owens L, Carmody
L, Avalos G, Nestor L, Lydon K, Dunne
FP: Trimester-specific reference intervals
for IFCC standardised haemoglobin A(1c):
new criterion to diagnose gestational

diabetes mellitus (GDM)? Ir Med J
105(Suppl 5):29–31, 2012
107. Murphy HR, Steel SA, Roland JM, Morris
D, Ball V, Campbell PJ, Temple RC;
East Anglia Study Group for Improving
Pregnancy Outcomes in Women with
Diabetes (EASIPOD): Obstetric and
perinatal outcomes in pregnancies
complicated by type 1 and type 2
diabetes: influences of glycemic control,
obesity and social disadvantage. Diabet
Med 28:1060–1067, 2011
108. Owens LA, Sedar J, Carmody L, Dunne
F: Comparing type 1 and type 2 diabetes
in pregnancy—similar conditions or is
a separate approach required? BMC
Pregnancy Childbirth 15:69, 2015
109. Cyganek K, Hebda-Szydlo A, Skupien
J, Katra B, Janas I, Borodako A, Kaim I,
Klupa T, Reron A, Malecki M: Glycemic
control and pregnancy outcomes in
women with type 2 diabetes from Poland.
The impact of pregnancy planning and a
comparison with type 1 diabetes subjects.
Endocrine 40:243–249, 2011
110. Balsells M, Garcia-Patterson A, Gich I,
Corcoy R: Maternal and fetal outcome
in women with type 2 versus type 1
diabetes mellitus: a systematic review and
metaanalysis. J Clin Endocrinol Metab
94:4284–4291, 2009
111. Clausen TD, Mathiesen E, Ekbom P,
Hellmuth E, Mandrup-Poulsen T, Damm
P: Poor pregnancy outcome in women
with type 2 diabetes. Diabetes Care
28:323–328, 2005
112. Roland JM, Murphy HR, Ball V, NorthcoteWright J, Temple RC: The pregnancies
of women with type 2 diabetes: poor
outcomes but opportunities for improvement. Diabet Med 22:1774–1777, 2005
113. Sato T, Sugiyama T, Kurakata M, Saito
M, Sugawara J, Yaegashi N, Sagawa N,
Sanaka M, Akazawa S, Anazawa S, Waguri
M, Sameshima H, Hiramatsu Y, Toyoda
N; Japan Diabetes and Pregnancy Study
Group: Pregnancy outcomes in women
with type 1 and type 2 diabetes mellitus
in a retrospective multi-institutional study
in Japan. Endocrine J 61:759–764, 2014
114. Mission J, Cheng Y, Yanit K, Caughey A:
Perinatal outcomes in patients with type
1 versus type 2 diabetes; a retrospective
cohort study. Am J Obstet Gynecol
208(Suppl):S121, 2013
115. Boghossian NS, Yeung E, Albert PS,
Mendola P, Laughon SK, Hinkle SN,
Zhang C: Changes in diabetes status
between pregnancies and impact on
subsequent newborn outcomes. Am J
Obstet Gynecol 210:431.e1–431.e14,
2014

Preexisting Diabetes and Pregnancy
116. Klingensmith GJ, Pyle L, Nadeau KJ,
Barbour LA, Goland RS, Willi SM, Linder
B, White NH; TODAY Study Group:
Pregnancy outcomes in youth with type
2 diabetes: the TODAY Study experience.
Diabetes Care 39:122–129, 2016
117. American Diabetes Association:
Standards of medical care in
diabetes—2017. 13. Management of
diabetes in pregnancy. Diabetes Care
40(Suppl 1):S114–S119, 2017
118. International Association of Diabetes
and Pregnancy Study Groups Consensus
Panel; Metzger BE, Gabbe SG, Persson
B, Buchanan TA, Catalano PA, Damm P,
Dyer AR, Leiva Ad, Hod M, Kitzmiller JL,
Lowe LP, McIntyre HD, Oats JJ, Omori Y,
Schmidt MI: International Association of
Diabetes and Pregnancy Study Groups
recommendations on the diagnosis and
classification of hyperglycemia in pregnancy. Diabetes Care 33:676–682, 2010
119. Caton AR, Bell EM, Druschel CM, Werler
MM, Lin AE, Browne ML, McNutt LA,
Romitti PA, Mitchell AA, Olney RS, Correa
A; National Birth Defects Prevention
Study: Antihypertensive medication use
during pregnancy and the risk of cardiovascular malformations. Hypertension
54:63–70, 2009
120. Lennestal R, Otterblad Olausson P, Kallen
B. Maternal use of antihypertensive drugs
in early pregnancy and delivery outcome,
notably the presence of congenital
heart defects in the infants. Eur J Clin
Pharmacol 65:615–625, 2009
121. Li DK, Yang C, Andrade S, Tavares V,
Ferber JR: Maternal exposure to angiotensin converting enzyme inhibitors in the
first trimester and risk of malformations
in offspring: a retrospective cohort study.
BMJ 343:d5931, 2011
122. van Gelder MM, Van Bennekom CM, Louik
C, Werler MM, Roeleveld N, Mitchell AA:
Maternal hypertensive disorders, antihypertensive medication use, and the risk of
birth defects: a case-control study. BJOG
122:1002–1009, 2015
123. Bateman BT, Huybrechts KF, Fischer MA,
Seely EW, Ecker JL, Oberg AS, Franklin
JM, Mosua H, Mogun H, Hernandez-Diaz
S: Chronic hypertension in pregnancy
and the risk of congenital malformations:
a cohort study. Am J Obstet Gynecol
212:337.e1–337.e14, 2015
124. Ramakrishnan A, Lee LJ, Mitchell LE,
Agopian AJ: Maternal hypertension during
pregnancy and the risk of congenital
heart defects in offspring: a systematic
review and meta-analysis. Pediatr Cardiol
36:1442–1451, 2015
125. Romitti PA, Sun L, Honein MA, Reefhuis J,
Correa A, Rasmussen SA; National Birth

Defects Prevention Study: Maternal periconceptional alcohol consumption and
risk of orofacial clefts. Am J Epidemiol
166:775–785, 2007
126. Boyles AL, DeRoo LA, Lie RT, Taylor
JA, Jugessur A, Murray JC, Wilcox AJ:
Maternal alcohol consumption, alcohol
metabolism genes, and the risk of oral
clefts: a population-based case-control
study in Norway, 1996–2001. Am J
Epidemiol 172:924–931, 2010
127. Richardson S, Browne ML, Rasmussen SA,
Druschel CM, Sun L, Jabs EW, Romitti PA;
National Birth Defects Prevention Study:
Associations between periconceptional
alcohol consumption and craniosynostosis, omphalocele, and gastroschisis.
Birth Defects Res A Clin Mol Teratol
91:623–630, 2011
128. Patel SS, Burns TL, Botto LD, RiehleColarusso TJ, Lin AE, Shaw GM, Romitti
PA; National Birth Defects Prevention
Study: Analysis of selected maternal
exposures and non-syndromic atrioventricular septal defects in the National Birth
Defects Prevention Study, 1997–2005.
Am J Med Genet A 158A:2447–2455,
2012
129. Waller DK, Shaw GM, Rasmussen SA,
Hobbs CA, Canfield MA, Siega-Riz AM,
Gallaway MS, Correa A; National Birth
Defects Prevention Study: Prepregnancy
obesity as a risk factor for structural
birth defects. Arch Pediatr Adolesc Med
161:745–750, 2007
130. Shaw GM, Carmichael SL: Prepregnant
obesity and risks of selected birth defects
in offspring. Epidemiology 19:616–620,
2008
131. Stothard KJ, Tennant PW, Bell R, Rankin J:
Maternal overweight and obesity and the
risk of congenital anomalies: a systematic review and meta-analysis. JAMA
301:636–650, 2009
132. Mills JL, Troendle J, Conley MR, Carter
T, Druschel CM: Maternal obesity and
congenital heart defects: a population-based study. Am J Clin Nutr
91:1543–1549, 2010
133. Gilboa SM, Correa A, Botto LD,
Rasmussen SA, Waller DK, Hobbs
CA, Cleves MA, Riehle-Colarusso TJ;
National Birth Defects Prevention Study:
Association between prepregnancy body
mass index and congenital heart defects.
Am J Obstet Gynecol 202:51.e1–51.e10,
2010
134. Cai GJ, Sun XX, Zhang L, Hong Q:
Association between maternal body
mass index and congenital heart defects
in offspring: a systematic review. Am J
Obstet Gynecol 211:91–117, 2014

135. Parker SE, Yazdy MM, Tinker SC, Mitchell
AA, Werler MM: The impact of folic acid
intake on the association among diabetes
mellitus, obesity, and spina bifida. Am
J Obstet Gynecol 209:239.e1–239.e8,
2013
136. Goh YI, Bollano E, Einarson TR, Koren G:
Prenatal multivitamin supplementation
and rates of congenital anomalies: a
meta-analysis. J Obstet Gynaecol Can
28:680–689, 2006
137. Correa A, Botto L, Liu Y, Mulinare
J, Erickson JD: Do multivitamin
supplements attenuate the risk for diabetes-associated birth defects? Pediatrics
111:1146–1151, 2003
138. Correa A, Gilboa SM, Botto LD, Moore CA,
Hobbs CA, Cleves MA, Riehle-Colarusso
TJ, Waller DK, Reece EA; National Birth
Defects Prevention Study: Lack of periconceptional vitamins or supplements
that contain folic acid and diabetes mellitus-associated birth defects. Am J Obstet
Gynecol 206:218.e1–218.e13, 2012
139. Smedts HP, Rakhshandehroo M, VerkleijHagoort AC, de Vries JH, Ottenkamp J,
Steegers EA, Steegers-Theunissen RP:
Maternal intake of fat, riboflavin and nicotinamide and the risk of having offspring
with congenital heart defects. Eur J Nutr
47:357–365, 2008
140. Shaw GM, Carmichael SL, Yang W,
Lammer EJ: Periconceptional nutrient
intakes and risks of conotruncal heart
defects. Birth Defects Res A Clin Mol
Teratol 88:144–151, 2010
141. Parker SE, Werler MM, Shaw GM, Anderka
M, Yazdy MM; National Birth Defects
Prevention Study: Dietary glycemic
index and the risk of birth defects. Am J
Epidemiol 176:1110–1120, 2012
142. Botto LD, Krikov S, Carmichael SL,
Munger RG, Shaw GM, Feldkamp ML;
National Birth Defects Prevention Study:
Lower rate of selected congenital heart
defects with better maternal diet quality:
a population-based study. Arch Dis Child
Fetal Neonatal Ed 101:F43–F49, 2016
143. Smedts HP, van Uitert EM, Valkenburg
O, Laven JS, Eijkemans MJ, Lindemans J,
Steegers EA, Steegers-Theunissen RP: A
derangement of the maternal lipid profile
is associated with an elevated risk of
congenital heart disease in the offspring.
Nutr Metab Cardiovasc Dis 22:477–485,
2012
144. Priest JR, Yang W, Reaven G, Knowles
JW, Shaw GM: Maternal midpregnancy
glucose levels and risk of congenital
heart disease in offspring. JAMA Pediatr
169:1112–1116, 2015
145. Kitzmiller JL, Buchanan TA, Kjos S,
Combs CA, Ratner RE: Pre-conception

5–81

DIABETES IN AMERICA, 3rd Edition

care of diabetes, congenital malformations, and spontaneous abortions.
American Diabetes Association Technical
Review. Diabetes Care 19:514–541, 1996
146. Dong D, Reece EA, Lin X, Wu Y,
AriasVillela N, Yang P: New development of the yolk sac theory in diabetic
embryopathy: molecular mechanism
and link to structural birth defects. Am J
Obstet Gynecol 214:192–202, 2016
147. Edison RJ, Muenke M: Central nervous
system and limb anomalies in case
reports of first-trimester statin exposure.
N Engl J Med 350:1579–1582, 2004
148. Taguchi N, Rubin ET, Hosokawa A, Choi
J, Ying AY, Moretti ME, Koren G, Ito S:
Prenatal exposure to HMG-CoA reductase
inhibitors: effects on fetal and neonatal
outcomes. Reprod Toxicol 26:175–177,
2008
149. Godfrey LM, Erramouspe J, Cleveland KW:
Teratogenic risk of statins in pregnancy.
Ann Pharmacother 46:1419–1424, 2012
150. Cooper WO, Hernandez-Diaz S, Arbogast
PG, Dudley JA, Dyer S, Gideon PS, Hall
K, Ray WA: Major congenital malformations after first-trimester exposure to ACE
inhibitors. N Engl J Med 354:2443–2451,
2006
151. Porta M, Hainer JW, Jansson SO, Malm A,
Bilous R, Chaturvedi N, Fuller JH, Klein R,
Orchard T, Parving HH, Sjolie AK; DIRECT
Study Group: Exposure to candesartan
during the first trimester of pregnancy
in type 1 diabetes: experience from the
placebo-controlled Diabetic Retinopathy
Candesartan Trials. Diabetologia
54:1298–1303, 2011
152. de Jong J, Garne E, Wender-Ozegowska
E, Morgan M, de Jong-van den Berg LT,
Wang H: Insulin analogues in pregnancy
and specific congenital anomalies: a
literature review. Diabetes Metab Res Rev
32:366–375, 2016
153. Kusters DM, Hassani Lahsinoui H, van
de Post JA, Wiegman A, Wijburg FA,
Kastelein JJ, Hutten BA: Statin used
during pregnancy: a systematic review
and meta-analysis. Expert Rev Cardiovasc
Ther 10:363–378, 2012
154. Winterfeld U, Allignol A, Panchaud
A, Rothuizen LE, Merlob P, CuppersMaarschalkerweerd B, Vial T, Stephens S,
Clementi M, De Santis M, Pistelli A, Berlin
M, Eleftheriou G, Manakova E, Buclin T:
Pregnancy outcome following maternal
exposure to statins: a multicentre
prospective study. BJOG 120:463–471,
2013
155. Bateman BT, Hernandez-Diaz S, Fischer
MA, Seely EW, Ecker JL, Franklin JM,
Desai RJ, Allen-Coleman C, Mogun
H, Avorn J, Huybrechts KF: Statins and

5–82

congenital malformations: cohort study.
BMJ 350:h1035, 2015
156. Diav-Citrin O, Shechtman S, Halberstadt
Y, Finkel-Pekarsky V, Wajnberg R, Arnon
J, Di Gianantonio E, Clementi M, Ornoy A:
Pregnancy outcome after in utero exposure to angiotensin converting enzyme
inhibitors or angiotensin receptor blockers.
Reprod Toxicol 31:540–545, 2011
157. Moretti ME, Caprara D, Drehuta I, Yeung
E, Cheung S, Federico L, Koren G: The
fetal safety of angiotensin converting
enzyme inhibitors and angiotensin II
receptor blockers. Obstet Gynecol Int
2012:658310, 2012
158. American College of Obstetricians
and Gynecologists; Task Force
on Hypertension in Pregnancy:
Hypertension in pregnancy. Report of
the American College of Obstetricians
and Gynecologists’ Task Force on
Hypertension in Pregnancy. Obstet
Gynecol 122:1122–1131, 2013
159. Gillon TE, Pels A, von Dadelszen P,
MacDonell K, Magee LA: Hypertensive
disorders of pregnancy: a systematic
review of international clinical practice
guidelines. PLOS ONE 9:e113715, 2014
160. SMFM Publications Committee: SMFM
Statement: benefit of antihypertensive
therapy for mild-to-moderate chronic
hypertension during pregnancy remains
uncertain. Am J Obstet Gynecol 213:3–4,
2015
161. Waller DK, Gallaway MS, Taylor LG,
Ramadhani TA, Canfield MA, Scheuerle
A, Hernandez-Diaz S, Louik C, Correa A;
National Birth Defects Prevention Study:
Use of oral contraceptives in pregnancy
and major structural birth defects in
offspring. Epidemiology 21:232–239,
2010
162. ACOG Committee on Practice BulletinsGynecology: ACOG practice bulletin. No.
73: Use of hormonal contraception in
women with coexisting medical conditions. ACOG Practice Bulletin 73. Obstet
Gynecol 107:1453–1472, 2006
163. Society of Family Planning; Higginbotham
S: Contraceptive considerations in obese
women: release date 1 September 2009,
SFP Guideline 20091. Contraception
80:583–590, 2009
164. Skouby SO: Hormonal contraception in
obesity, the metabolic syndrome, and
diabetes. Ann N Y Acad Sci 1205:240–
244, 2010
165. Bonnema RA, McNamara MC, Spencer
AL: Contraception choices in women with
underlying medical conditions. Am Fam
Physician 82:621–628, 2010
166. Gourdy P, Bachelot A, Catteau-Jonard
S, Chabbert-Buffet N, Christin-Maitre

S, Conard J, Fredenrich A, Gompel
A, Lamiche-Lorenzini F, Moreau C,
Plu-Bureau G, Vambergue A, Verges
B, Kerlan V: Hormonal contraception in
women at risk of vascular and metabolic
disorders: guidelines of the French
Society of Endocrinology. Ann Endocrinol
(Paris) 73:469–487, 2012
167. Goldstuck ND, Steyn PS: The intrauterine
device in women with diabetes mellitus
type I and II: a systematic review. ISRN
Obstet Gynecol 2013 Dec 11 [Epub] doi:
10.1155/2013/814062
168. Codner E, Soto N, Merino P:
Contraception and pregnancy in adolescents with type 1 diabetes: a review.
Pediatr Diabetes 13:108–123, 2012
169. Dunlop AL, Jack BW, Bottalico JN, Lu
MC, James A, Shellhaas CS, Hallstrom
LH, Solomon BD, Feero WG, Menard MK,
Prasad MR: The clinical content of preconception care: women with chronic medical
conditions. Am J Obstet Gynecol 199(6
Suppl 2):S310–S327, 2008
170. Chuang CH, Velott DL, Weisman CS:
Exploring knowledge and attitudes related
to pregnancy and preconception health in
women with chronic medical conditions.
Matern Child Health J 14:713–719, 2010
171. Dunlop AL, Logue KM, Miranda MC,
Narayan DA: Integrating reproductive
planning with primary health care: an
exploration among low-income, minority
women and men. Sex Reprod Healthc
1:37–43, 2010
172. Shawe J, Smith P, Stephenson J: Use of
contraception by women with type 1 or
type 2 diabetes mellitus: ‘It’s funny that
nobody really spoke to me about it’. Eur J
Contracept Reprod Health Care 16:350–
358, 2011
173. White K, Potter JE, Hopkins K, Grossman
D: Variation in postpartum contraceptive
method use: results from the Pregnancy
Risk Assessment Monitoring System
(PRAMS). Contraception 89:57–62, 2014
174. Reddy SM, Ramachandran A, Cabral H,
Kazis L: Provision of family planning to
women with cardiovascular risk factors. J
Am Board Fam Med 28:105–114, 2015
175. Trussell J, Vaughan B, Stanford J: Are all
contraceptive failures unintended pregnancies? Evidence from the 1995 National
Survey of Family Growth. Fam Plann
Perspect 31:246–247, 1999
176. Mohllajee AP, Curtis KM, Morrow B,
Marchbanks PA: Pregnancy intention
and its relationship to birth and maternal
outcomes. Obstet Gynecol 109:678–686,
2007
177. Chuang CH, Hillemeier MM, Dyer AM,
Weisman CS: The relationship between
pregnancy intention and preconception

Preexisting Diabetes and Pregnancy
health behaviors. Prev Med 53:85–88,
2011
178. Lidegaard O, Lokkegaard E, Jensen A,
Skovlund CW, Keiding N: Thrombotic
stroke and myocardial infarction with
hormonal contraception. N Engl J Med
366:2257–2266, 2012
179. Siritho S, Thrift AG, McNeil JJ, You RX,
Davis SM, Donnan GA; Melbourne Risk
Factor Study (MERFS) Group: Risk of
ischemic stroke among users of the oral
contraceptive pill: the Melbourne Risk
Factor Study (MERFS) Group. Stroke
34:1575–1580, 2003
180. Tanis BC, van den Bosch MA, Kemmeren
JM, Cats VM, Helmerhorst FM, Algra
A, van der Graaf Y, Rosendaal FR: Oral
contraceptives and the risk of myocardial
infarction. N Engl J Med 345:1787–1793,
2001
181. Lauring JR, Lehman EB, Deimling
TA, Legro RS, Chuang CH: Combined
hormonal contraception use in reproductive-age women with contraindications
to estrogen use. Am J Obstet Gynecol
215:330.e1–330.e7, 2016
182. Monster TB, Janssen WM, de Jong PE,
de Jong-van den Berg LT; Prevention of
Renal and Vascular End Stage Disease
Study Group: Oral contraceptive use and
hormone replacement therapy are associated with microalbuminuria. Arch Intern
Med 161:2000–2005, 2001
183. Atthobari J, Gansevoort RT, Visser ST,
de Jong PE, de Jong-van den Berg LT;
PREVEND Study Group: The impact
of hormonal contraceptives on blood
pressure, urinary albumin excretion
and glomerular filtration rate. Br J Clin
Pharmacol 63:224–231, 2007
184. Ahmed SB, Hovind P, Parving HH,
Rossing P, Price DA, Laffel LM, Lansang
MC, Stevanovic R, Fisher ND, Hollenberg
NK: Oral contraceptives, angiotensindependent renal vasoconstriction, and
risk of diabetic nephropathy. Diabetes
Care 28:1988–1994, 2005
185. Odutayo A, Cherney D, Miller J, Ahmed
SB, Lai V, Dunn S, Pun N, Moineddin R,
Hladunewich MA: Transdermal contraception and the renin-angiotensin-aldosterone
system in premenopausal women. Am J
Physiol Renal Physiol 308:F535–F540,
2015
186. Dragoman M, Curtis KM, Gaffield ME:
Combined hormonal contraceptive use
among women with known dyslipidemias:
a systematic review of critical safety
outcomes. Contraception 94:280–287,
2016
187. Yamazaki M, Dwyer K, Sobhan M, Davis D,
Kim MJ, Soule L, Willett G, Yu C: Effect of
obesity on the effectiveness of hormonal

contraceptives: an individual participant
data meta-analysis. Contraception
92:445–452, 2015
188. Schwarz EB, Postlethwaite DA, Hung YY,
Armstrong MA: Documentation of contraception and pregnancy when prescribing
potentially teratogenic medications for
reproductive-age women. Ann Intern Med
147:370–376, 2007
189. Steinkellner A, Chen W, Denison SE:
Adherence to oral contraception in
women on category X medications. Am J
Med 123:929–934, 2010
190. Force RW, Keppel GA, Guirguis-Blake J,
Gould DA, Vincent C, Chunchu K, Monger
RM, Holmes JT, Cauffield J, Baldwin LM:
Contraceptive methods and informed
consent among women receiving medications with potential for adverse fetal
effects: a Washington, Wyoming, Alaska,
Montana, Idaho (WWAMI) region study. J
Am Board Fam Med 25:661–668, 2012
191. Callesen NF, Secher AL, Cramon P,
Ringholm L, Watt T, Damm P, Mathiesen
ER: Mental health in early pregnancy
is associated with pregnancy outcome
in women with pregestational diabetes.
Diabet Med 32:1484–1491, 2015
192. Yedid Sion M, Harlev A, Weintraub AY,
Sergienko R, Sheiner E: Is antenatal
depression associated with adverse
obstetric and perinatal outcomes? J
Matern Fetal Neonatal Med 29:863–867,
2016
193. Pettersson CB, Zandian M, Clinton D:
Eating disorder symptoms pre- and
postpartum. Arch Womens Ment Health
19:675–680, 2016
194. Watson HJ, Zerwas S, Torgersen L,
Gustavson K, Diemer EW, Knudsen
GP, Reichborn-Kjennerud T, Bulik CM:
Maternal eating disorders and perinatal
outcomes: a three-generation study in
the Norwegian Mother and Child Cohort
Study. J Abnorm Psychol 126:552–564,
2017
195. Hoffman LD, Kitzmiller JL: Behavioral
therapy: eating disorders. In Managing
Preexisting Diabetes and Pregnancy.
Technical Reviews and Consensus
Recommendations for Care. Kitzmiller JL,
Jovanovic L, Brown F, Coustan D, Reader
DM, Eds. Alexandria, VA, American
Diabetes Association, 2008, p. 116–118
196. Kieffer EC, Martin JA, Herman WH:
Impact of maternal nativity on prevalence
of diabetes during pregnancy among U.S.
ethnic groups. Diabetes Care 22:729–735,
1999
197. Kirby RS, Salihu HM: Back to the future?
A critical commentary on the 2003 U.S.
national standard certificate of live birth.
Birth 33:238–244, 2006

198. Lydon-Rochelle MT, Holt VL, Cardenas
V, Nelson JC, Easterling TR, Gardella C,
Callaghan WM: The reporting of pre-existing maternal medical conditions and
complications of pregnancy on birth
certificates and in hospital discharge data.
Am J Obstet Gynecol 193:125–134, 2005
199. Bell JC, Ford JB, Cameron CA, Roberts
CL: The accuracy of population health
data for monitoring trends and outcomes
among women with diabetes and
pregnancy. Diabetes Res Clin Pract
81:105–109, 2008
200. Devlin HM, Desai J, Walaszek A:
Reviewing performance of birth certificate
and hospital discharge data to identify
births complicated by maternal diabetes.
Matern Child Health J 13:660–666, 2009
201. Yasmeen S, Romero PS, Schembri ME,
Keyzer JM, Gilbert WM: Accuracy of
obstetric diagnoses and procedures in
hospital discharge data. Am J Obstet
Gynecol 194:992–1001, 2006
202. Kim C, Kim SY, Sappenfield W, Wilson HG,
Salihu HM, Sharma AJ: Are gestational
diabetes mellitus and preconception
diabetes mellitus less common in non-Hispanic black women than in non-Hispanic
white women? Matern Child Health J
18:698–706, 2014
203. Yanit KE, Snowden JM, Cheng YW,
Caughey AB: The impact of chronic
hypertension and pregestational diabetes
on pregnancy outcomes. Am J Obstet
Gynecol 207:333.e1–333.e6, 2012
204. Pilliod RA, Page JM, Burwick RM, Kaimal
AJ, Cheng YW, Caughey AB: The risk of
fetal death in nonanomalous pregnancies
affected by polyhydramnios. Am J Obstet
Gynecol 213:410.e1–410.e6, 2015
205. Mayorga ME, Reifsnider OS, Neyens DM,
Gebregziabher MG, Hunt KJ: Simulated
estimates of pre-pregnancy and gestational diabetes mellitus in the US: 1980 to
2008. PLOS ONE 2013 Sep 5 [Epub] doi:
10.1371/journal.pone.0073437
206. Lawrence JM, Contreras R, Chen W,
Sacks DA: Trends in the prevalence of
preexisting diabetes and gestational
diabetes mellitus among a racially/
ethnically diverse population of pregnant
women, 1999–2005. Diabetes Care
31:899–904, 2008
207. Peng T, Ehrlich SF, Crites Y, Kitzmiller JL,
Kuzniewicz MW, Hedderson MM, Ferrara
A: Trends and racial and ethnic disparities in the prevalence of pregestational
type 1 and type 2 diabetes in Northern
California: 1996–2014. Am J Obstet
Gynecol 216:177.e1–177.e8, 2017
208. Ferrara A, Peng T, Kitzmiller JL:
Prevalence of preexisting diabetes by
maternal age, diabetes complications,

5–83

DIABETES IN AMERICA, 3rd Edition

and pregnancy outcomes in Northern
California, 1996–2011. Unpublished data
prepared for Diabetes in America, 3rd
edition.
209. Bell R, Bailey K, Cresswell T, Hawthorne
G, Critchley J, Lewis-Barned N; Northern
Diabetic Pregnancy Survey Steering
Group: Trends in prevalence and
outcomes of pregnancy in women with
pre-existing type I and type II diabetes.
BJOG 115:445–452, 2008
210. Peticca P, Keely EJ, Walker MC, Yang
Q, Bottomley J: Pregnancy outcomes in
diabetes subtypes: how do they compare?
A province-based study of Ontario,
2005–2006. J Obstet Gynaecol Can
31:487–496, 2009
211. Tennant PW, Glinianaia SV, Bilous RW,
Rankin J, Bell R: Pre-existing diabetes,
maternal glycated haemoglobin, and
the risks of fetal and infant death: a
population-based study. Diabetologia
57:285–294, 2014
212. Feig DS, Razzaq A, Sykora K, Hux
JE, Anderson GM: Trends in deliveries,
prenatal care, and obstetrical complications in women with pregestational
diabetes: a population-based study in
Ontario, Canada, 1996–2001. Diabetes
Care 29:232–235, 2006
213. Fong A, Serra A, Herrero T, Pan D,
Ogunyemi D: Pre-gestational versus
gestational diabetes: a population-based
study on clinical and demographic
differences. J Diabetes Complications
28:29–34, 2014
214. Lai FY, Johnson JA, Dover D, Kaul P:
Outcomes of singleton and twin pregnancies complicated by pre-existing
diabetes and gestational diabetes: a population-based study in Alberta, Canada,
2005–11. J Diabetes 8:45–55, 2016
215. Grotegut CA, Chisholm CA, Johnson LN,
Brown HL, Heine RP, James AH: Medical
and obstetric complications among pregnant women aged 45 and older. PLOS
ONE 2014 Apr 25 [Epub] doi: 10.1371/
journal.pone.0096237
216. Albrecht SS, Kuklina EV, Bansil P,
Jamieson DJ, Whiteman MK, Kourtis
AP, Posner SF, Callaghan WM: Diabetes
trends among delivery hospitalizations
in the U.S., 1994–2004. Diabetes Care
33:768–773, 2010
217. Correa A, Bardenheier B, Elixhauser A,
Geiss LS, Gregg E: Trends in prevalence of
diabetes among delivery hospitalizations,
United States, 1993–2009. Matern Child
Health J 19:635–642, 2015
218. Bardenheier BH, Imperatore G, Devlin
HM, Kim SY, Cho P, Geiss LS: Trends in
pre-pregnancy diabetes among deliveries

5–84

in 19 U.S. states, 2000–2010. Am J Prev
Med 48:154–161, 2015
219. Liu S, Rouleau J, Leon JA, Sauve R,
Joseph KS, Ray JG; Canadian Perinatal
Surveillance System: Impact of pre-pregnancy diabetes mellitus on congenital
anomalies, Canada, 2002–2012. [Article
in English, French] Health Promot Chronic
Dis Prev Can 35:79–84, 2015
220. Coton SJ, Nazareth I, Petersen I: A
cohort study of trends in the prevalence of pregestational diabetes in
pregnancy recorded in UK general
practice between 1995 and 2012. BMJ
Open 2016 Jan 25 [Epub] doi: 10.1136/
bmjopen-2015-009494
221. Son KH, Lim NK, Lee JW, Cho MC, Park
HY: Comparison of maternal morbidity
and medical costs during pregnancy and
delivery between patients with gestational
diabetes and patients with pre-existing
diabetes. Diabet Med 32:477–486, 2015
222. MacDorman MF, Declercq E, Thoma ME:
Trends in maternal mortality by sociodemographic characteristics and cause
of death in 27 states and the District of
Columbia. Obstet Gynecol 129:811–818,
2017
223. Creanga AA, Syverson C, Seed K,
Callaghan WM: Pregnancy-related
mortality in the United States, 2011–
2013. Obstet Gynecol 130:366–373,
2017
224. Bateman BT, Bansil P, Hernandez-Diaz
S, Mhyre JM, Callaghan WM, Kuklina
EV: Prevalence, trends, and outcomes
of chronic hypertension: a nationwide
sample of delivery admissions. Am J
Obstet Gynecol 206:134.e1–134.e8, 2012
225. Leinonen PJ, Hiilesmaa VK, Kaaja RJ,
Teramo KA: Maternal mortality in type 1
diabetes. Diabetes Care 24:1501–1502,
2001
226. Klemetti M, Nuutila M, Tikkanen M, Kari
MA, Hiilesmaa V, Teramo K: Trends
in maternal BMI, glycaemic control
and perinatal outcome among type 1
diabetic pregnant women in 1989–2008.
Diabetologia 55:2327–2334, 2012
227. Shand AW, Bell JC, McElduff A, Morris
J, Roberts CL: Outcomes of pregnancies
in women with pre-gestational diabetes
mellitus and gestational diabetes mellitus;
a population-based study in New South
Wales, Australia, 1998–2002. Diabet Med
25:708–715, 2008
228. Kernaghan D, Penney GC, Pearson DW;
the Scottish Diabetes in Pregnancy
Study Group: Birth weight and maternal
glycated haemoglobin in pregnancies
complicated by type 1 diabetes. Scott
Med J 52:9–12, 2007

229. Al-Agha R, Firth RG, Byrne M, Murray S,
Daly S, Foley M, Smith SC, Kingsley BT:
Outcome of pregnancy in type 1 diabetes
mellitus (T1DMP): results from combined
diabetes-obstetrical clinics in Dublin in
three university teaching hospitals (1995–
2006). Ir J Med Sci 181:105–109, 2012
230. James AH, Bushnell CD, Jamison MG,
Myers ER: Incidence and risk factors for
stroke in pregnancy and the puerperium.
Obstet Gynecol 106:509–516, 2005
231. Ros HS, Lichtenstein P, Bellocco R,
Petersson G, Cnattingius S: Pulmonary
embolism and stroke in relation to
pregnancy: how can high-risk women be
identified? Am J Obstet Gynecol 186:198–
203, 2002
232. Scott CA, Bewley S, Rudd A, Spark P,
Kurinczuk JJ, Brocklehurst P, Knight M:
Incidence, risk factors, management, and
outcomes of stroke in pregnancy. Obstet
Gynecol 120:318–324, 2012
233. Leffert LR, Clancy CR, Bateman BT,
Bryant AS, Kuklina EV: Hypertensive
disorders and pregnancy-related stroke:
frequency, trends, risk factors, and
outcomes. Obstet Gynecol 125:124–131,
2015
234. James AH, Jamison MG, Biswas MS,
Brancazio LR, Swamy GK, Myers ER:
Acute myocardial infarction in pregnancy:
a United States population-based study.
Circulation 113:1564–1571, 2006
235. Macarthur A, Cook L, Pollard JK, Brant R:
Peripartum myocardial ischemia: a review
of Canadian deliveries from 1970 to 1998.
Am J Obstet Gynecol 194:1027–1033,
2006
236. Ladner HE, Danielsen B, Gilbert WM:
Acute myocardial infarction in pregnancy
and the puerperium: a population-based
study. Obstet Gynecol 105:480–484,
2005
237. Ghaji N, Boulet SL, Tepper N, Hooper
WC: Trends in venous thromboembolism
among pregnancy-related hospitalizations,
United States, 1994–2009. Am J Obstet
Gynecol 209:433.e1–433.e8, 2013
238. Sultan AA, Tata LJ, West J, Fiaschi L,
Fleming KM, Nelson-Piercy C, Grainge
MJ: Risk factors for first venous thromboembolism around pregnancy: a
population-based cohort study from the
United Kingdom. Blood 121:3953–3961,
2013
239. Acosta CD, Knight M, Lee HC, Kurinczuk
JJ, Gould JB, Lyndon A: The continuum of
maternal sepsis severity: incidence and
risk factors in a population-based cohort
study. PLOS ONE 2013 Jul 2 [Epub] doi:
10.1371/journal.pone.0067175
240. Pallasmaa N, Ekblad U, Gissler M, Alanen
A: The impact of maternal obesity, age,

Preexisting Diabetes and Pregnancy
pre-eclampsia and insulin dependent
diabetes on severe maternal morbidity
by mode of delivery—a register-based
cohort study. Arch Gynecol Obstet
291:311–318, 2015
241. Al-Ostad G, Kezouh A, Spence AR,
Abenhaim HA: Incidence and risk factors
of sepsis mortality in labor, delivery and
after birth: population-based study in the
USA. J Obstet Gynaecol Res 41:1201–
1206, 2015
242. Mhyre JM, Bateman BT, Leffert LR:
Influence of patient comorbidities on the
risk of near-miss maternal morbidity or
mortality. Anesthesiology 115:963–972,
2011
243. McCance DR, Holmes VA, Maresh MJ,
Patterson CC, Walker JD, Pearson DW,
Young IS; Diabetes and Pre-eclampsia
Intervention Trial (DAPIT) Study Group:
Vitamins C and E for prevention of pre-eclampsia in women with type 1 diabetes
(DAPIT): a randomised placebo-controlled
trial. Lancet 376:259–266, 2010
244. Kuklina EV, Meikle SF, Jamieson DJ,
Whiteman MK, Barfield WD, Hillis SD,
Posner SF: Severe obstetric morbidity in
the United States: 1988–2005. Obstet
Gynecol 113:293–299, 2009
245. Schneider MB, Umpierrez GE, Ramsey
RD, Mabie WC, Bennett KA: Pregnancy
complicated by diabetic ketoacidosis:
maternal and fetal outcomes. Diabetes
Care 26:958–959, 2003
246. Mukhopadhyay A, Farrell T, Fraser RB,
Ola B: Continuous subcutaneous insulin
infusion vs intensive conventional insulin
therapy in pregnant diabetic women: a
systematic review and metaanalysis of
randomized, controlled trials. Am J Obstet
Gynecol 197:447–456, 2007
247. Ringholm L, Pedersen-Bjergaard U,
Thorsteinsson B, Damm P, Mathiesen
ER: Hypoglycaemia during pregnancy in
women with type 1 diabetes. Diabet Med
29:558–566, 2012
248. Sibai BM, Caritis S, Hauth J, Lindheimer
M, VanDorsten JP, MacPherson C,
Klebanoff M, Landon M, Miodovnik
M, Paul R, Meis P, Dombrowski M,
Thurnau G, Roberts J, McNellis D: Risks
of preeclampsia and adverse neonatal
outcomes among women with pregestational diabetes mellitus. National Institute
of Child Health and Human Development
Network of Maternal-Fetal Medicine Units.
Am J Obstet Gynecol 182:364–369, 2000
249. Yang J, Cummings EA, O’Connell C,
Jangaard K: Fetal and neonatal outcomes
of diabetic pregnancies. Obstet Gynecol
108:644–650, 2006
250. Egan AM, McVicker L, Heerey A,
Carmody L, Harney F, Dunne FP:

Diabetic retinopathy in pregnancy: a
population-based study of women
with pregestational diabetes. J
Diabetes Res 2015 Apr 6 [Epub] doi:
10.1155/2015/310239
251. Blumer I, Hadar E, Hadden DR, Jovanovic
L, Mestman JH, Murad MH, Yogev Y:
Diabetes and pregnancy: an Endocrine
Society clinical practice guideline. J Clin
Endocrinol Metab 98:4227–4249, 2013
252. Vestgaard M, Ringholm L, Laugesen CS,
Rasmussen KL, Damm P, Mathiesen ER:
Pregnancy-induced sight-threatening
diabetic retinopathy in women with type 1
diabetes. Diabet Med 27:431–435, 2010
253. Rasmussen KL, Laugesen CS, Ringholm
L, Vestgaard M, Damm P, Mathiesen ER:
Progression of diabetic retinopathy during
pregnancy in women with type 2 diabetes.
Diabetologia 53:1076–1083, 2010
254. Hemachandra A, Ellis D, Lloyd CE,
Orchard TJ: The influence of pregnancy
on IDDM complications. Diabetes Care
18:950–954, 1995
255. Verier-Mine O, Chaturvedi N, Webb
D, Fuller JH: Is pregnancy a risk factor
for microvascular complications? The
EURODIAB Prospective Complications
Study. Diabet Med 22:1503–1509, 2005
256. Arun CS, Taylor R: Influence of pregnancy
on long-term progression of retinopathy in patients with type 1 diabetes.
Diabetologia 51:1041–1045, 2008
257. Gordon M, Landon MB, Samuels P,
Hissrich S, Gabbe SG: Perinatal outcome
and long-term follow-up associated
with modern management of diabetic
nephropathy. Obstet Gynecol 87:401–
409, 1996
258. Purdy LP, Hantsch CE, Molitch ME,
Metzger BE, Phelps RL, Dooley SL, Hou
SH: Effect of pregnancy on renal function
in patients with moderate-to-severe
diabetic renal insufficiency. Diabetes Care
19:1067–1074, 1996
259. Klemetti MM, Laivuori H, Tikkanen
M, Nuutila M, Hiilesmaa V, Teramo K:
Obstetric and perinatal outcome in type 1
diabetes patients with diabetic nephropathy during 1988–2011. Diabetologia
58:678–686, 2015
260. Damm JA, Asbjornsdottir B, Callesen NF,
Mathiesen JM, Ringholm L, Pedersen
BW, Mathiesen ER: Diabetic nephropathy and microalbuminuria in pregnant
women with type 1 and type 2 diabetes:
prevalence, antihypertensive strategy,
and pregnancy outcome. Diabetes Care
36:3489–3494, 2013
261. Piccoli GB, Clari R, Ghiotto S, Castelluccia
N, Colombi N, Mauro G, Tavassoli
E, Melluzza C, Cabiddu G, Gernone G,
Mongilardi E, Ferraresi M, Rolfo A, Todros

T: Type 1 diabetes, diabetic nephropathy,
and pregnancy: a systematic review and
meta-study. Rev Diabet Stud 10:6–26,
2013
262. Jensen DM, Damm P, Ovesen P,
Molsted-Pedersen L, Beck-Nielsen H,
Westergaard JG, Moeller M, Mathiesen
ER: Microalbuminuria, preeclampsia, and
preterm delivery in pregnant women with
type 1 diabetes: results from a nationwide
Danish study. Diabetes Care 33:90–94,
2010
263. Andresdottir G, Jensen ML, Carstensen
B, Parving HH, Hovind P, Hansen TW,
Rossing P: Improved prognosis of diabetic
nephropathy in type 1 diabetes. Kidney
Int 87:417–426, 2015
264. Andresdottir G, Jensen ML, Carstensen
B, Parving HH, Rossing K, Hansen TW,
Rossing P: Improved survival and renal
prognosis of patients with type 2 diabetes
and nephropathy with improved control of
risk factors. Diabetes Care 37:1660–1667,
2014
265. Carr DB, Koontz GL, Gardella C, Holing
EV, Brateng DA, Brown ZA, Easterling
TR: Diabetic nephropathy in pregnancy:
suboptimal hypertensive control associated with preterm delivery. Am J
Hypertens 19:513–519, 2006
266. Nielsen LR, Damm P, Mathiesen ER:
Improved pregnancy outcome in type 1
diabetic women with microalbuminuria or
diabetic nephropathy: effect of intensified
antihypertensive therapy? Diabetes Care
32:38–44, 2009
267. Rossing K, Jacobsen P, Hommel E,
Mathiesen E, Svenningsen A, Rossing P,
Parving HH: Pregnancy and progression
of diabetic nephropathy. Diabetologia
45:36–41, 2002
268. Brown MA, Lindheimer MD, de Swiet M,
Van Assche A, Moutquin JM: The classification and diagnosis of the hypertensive
disorders of pregnancy: statement from
the International Society for the Study
of Hypertension in Pregnancy (ISSHP).
Hypertens Pregnancy 20:IX–XIV, 2001
269. Lindheimer MD, Taler SJ, Cunningham FG;
American Society of Hypertension: ASH
position paper: hypertension in pregnancy.
J Clin Hypertens (Greenwich) 11:214–225,
2009
270. National Collaborating Centre for
Women’s and Children’s Health (UK):
Hypertension in Pregnancy: the
Management of Hypertensive Disorders
During Pregnancy. NICE Clinical
Guidelines, No. 107. London, Royal
College of Obstetrics and Gynecology
Press, 2010
271. Magee LA, Pels A, Helewa M, Rey E, von
Dadelszen P; Canadian Hypertensive

5–85

DIABETES IN AMERICA, 3rd Edition

Disorders of Pregnancy Working Group:
Diagnosis, evaluation, and management
of the hypertensive disorders of pregnancy: executive summary. [Article in
English, French] J Obstet Gynaecol Can
36:416–441, 2014
272. Magee LA, Pels A, Helewa M, Rey E, von
Dadelszen P; Canadian Hypertensive
Disorders of Pregnancy (HDP) Working
Group: Diagnosis, evaluation, and
management of the hypertensive disorders of pregnancy. Pregnancy Hypertens
4:105–145, 2014
273. Bramham K, Parnell B, Nelson-Piercy C,
Seed PT, Poston L, Chappell LC: Chronic
hypertension and pregnancy outcomes:
systematic review and meta-analysis.
BMJ 2014 Apr 15 [Epub] doi: 10.1136/
bmj.g2301
274. Roberts JM, Pearson G, Cutler
J, Lindheimer M; NHLBI Working
Group on Research on Hypertension
During Pregnancy: Summary of the
NHLBI Working Group on Research
on Hypertension During Pregnancy.
Hypertension 41:437–445, 2003
275. Ankumah NA, Cantu J, Jauk V, Biggio
J, Hauth J, Andrews W, Tita AT: Risk of
adverse pregnancy outcomes in women
with mild chronic hypertension before
20 weeks gestation. Obstet Gynecol
123:966–972, 2014
276. Persson M, Norman M, Hanson U:
Obstetric and perinatal outcomes in
type 1 diabetic pregnancies: a large,
population-based study. Diabetes Care
32:2005–2009, 2009
277. Persson M, Pasupathy D, Hanson U,
Westgren M, Norman M: Pre-pregnancy
body mass index and the risk of adverse
outcome in type 1 diabetic pregnancies:
a population-based cohort study. BMJ
Open 2012 Feb 14 [Epub] doi: 10.1136/
bmjopen-2011-000601
278. Eidem I, Vangen S, Hanssen KF, Vollset SE,
Henriksen T, Joner G, Stene LC: Perinatal
and infant mortality in term and preterm
births among women with type 1 diabetes.
Diabetologia 54:2771–2778, 2011
279. Wright D, Syngelaki A, Akolekar R, Poon
LC, Nicolaides KH: Competing risks
model in screening for preeclampsia by
maternal characteristics and medical
history. Am J Obstet Gynecol 213:62.
e1–62.e10, 2015
280. Hiilesmaa V, Suhonen L, Teramo K:
Glycaemic control is associated with
pre-eclampsia but not with pregnancy-induced hypertension in women with type I
diabetes mellitus. Diabetologia 43:1534–
1539, 2000
281. Temple RC, Aldridge V, Stanley K, Murphy
HR: Glycaemic control throughout

5–86

pregnancy and risk of pre-eclampsia
in women with type I diabetes. BJOG
113:1329–1332, 2006
282. Holmes VA, Young IS, Patterson
CC, Pearson DW, Walker JD, Maresh
MJ, McCance DR; Diabetes and
Pre-eclampsia Intervention Trial Study
Group: Optimal glycemic control, pre-eclampsia, and gestational hypertension
in women with type 1 diabetes in the
Diabetes and Pre-eclampsia Intervention
Trial. Diabetes Care 34:1683–1688, 2011
283. Maresh MJ, Holmes VA, Patterson
CC, Young IS, Pearson DW, Walker JD,
McCance DR; Diabetes and Pre-eclampsia
Intervention Trial Study Group: Glycemic
targets in the second and third trimester
of pregnancy for women with type 1
diabetes. Diabetes Care 38:34–42, 2015
284. Klemetti MM, Laivuori H, Tikkanen M,
Nuutila M, Hiilesmaa V, Teramo K: White’s
classification and pregnancy outcome
in women with type 1 diabetes: a population-based cohort study. Diabetologia
59:92–100, 2016
285. Tache V, Baer RJ, Currier RJ, Li CS,
Towner D, Waetjen LE, Jelliffe-Pawlowski
LL: Population-based biomarker
screening and the development of severe
preeclampsia in California. Am J Obstet
Gynecol 211:377.e1–377.e8, 2014
286. Poston L, Igosheva N, Mistry HD, Seed
PT, Shennan AH, Rana S, Karumanchi
SA, Chappell LC: Role of oxidative stress
and antioxidant supplementation in pregnancy disorders. Am J Clin Nutr 94(Suppl
6):1980S–1985S, 2011
287. Mills JL, Simpson JL, Driscoll SG,
Jovanovic-Peterson L, Van Allen
M, Aarons JH, Metzger B, Bieber FR,
Knopp RH, Holmes LB, Peterson CM,
Withiam-Wilson M, Brown Z, Ober C,
Harley E, Macpherson TA, Duckles A,
Mueller-Heubach E; National Institute of
Child Health and Human DevelopmentDiabetes in Early Pregnancy Study:
Incidence of spontaneous abortion among
normal women and insulin-dependent
diabetic women whose pregnancies were
identified within 21 days of conception. N
Engl J Med 319:1617–1623, 1988
288. Jovanovic L, Knopp RH, Kim H, Cefalu
WT, Zhu XD, Lee YJ, Simpson JL, Mills JL:
Elevated pregnancy losses at high and
low extremes of maternal glucose in early
normal and diabetic pregnancy: evidence
for a protective adaptation in diabetes.
Diabetes Care 28:1113–1117, 2005
289. Jovanovic L, Metzger BE, Knopp RH,
Conley MR, Park E, Lee YJ, Simpson
JL, Holmes L, Aarons JH, Mills JL: The
Diabetes in Early Pregnancy Study:
beta-hydroxybutyrate levels in type

1 diabetic pregnancy compared with
normal pregnancy. NICHD-Diabetes in
Early Pregnancy Study Group (DIEP).
National Institute of Child Health and
Human Development. Diabetes Care
21:1978–1984, 1998
290. Inkster ME, Fahey TP, Donnan PT, Leese
GP, Mires GJ, Murphy DJ: Poor glycated
haemoglobin control and adverse pregnancy outcomes in type 1 and type 2
diabetes mellitus: systematic review of
observational studies. BMC Pregnancy
Childbirth 6:30, 2006
291. McGrogan A, Snowball J, de Vries CS:
Pregnancy losses in women with type 1
or type 2 diabetes in the UK: an investigation using primary care records. Diabet
Med 31:357–365, 2014
292. McGrogan A, Snowball J, Charlton RA:
Statins during pregnancy: a cohort study
using the General Practice Research
Database to investigate pregnancy loss.
Pharmacoepidemiol Drug Saf 26:843–
852, 2017
293. Owens LA, Avalos G, Kirwan B, Carmody
L, Dunne F: ATLANTIC DIP: closing the
loop: a change in clinical practice can
improve outcomes for women with
pregestational diabetes. Diabetes Care
35:1669–1671, 2012
294. Abell SK, Nankervis A, Khan KS, Teede
HJ: Type 1 and type 2 diabetes preconception and in pregnancy: health impacts,
influence of obesity and lifestyle, and
principles of management. Semin Reprod
Med 34:110–120, 2016
295. Khoury JC, Miodovnik M, Buncher CR,
Kalkwarf H, McElvy S, Khoury PR, Sibai
B: Consequences of smoking and caffeine
consumption during pregnancy in women
with type 1 diabetes. J Matern Fetal
Neonatal Med 15:44–50, 2004
296. MacDorman MF, Reddy UM, Silver RM:
Trends in stillbirth by gestational age in
the United States, 2006–2012. Obstet
Gynecol 126:1146–1150, 2015
297. Reddy UM, Laughon SK, Sun L, Troendle
J, Willinger M, Zhang J: Prepregnancy risk
factors for antepartum stillbirth in the
United States. Obstet Gynecol 116:1119–
1126, 2010
298. Patel EM, Goodnight WH, James AH,
Grotegut CA: Temporal trends in maternal
medical conditions and stillbirth. Am J
Obstet Gynecol 212:673.e1–673.e11,
2015
299. Stillbirth Collaborative Research Network
Writing Group: Association between stillbirth and risk factors known at pregnancy
confirmation. JAMA 306:2469–2479,
2011
300. Faiz AS, Demissie K, Rich DQ, Kruse L,
Rhoads GG: Trends and risk factors of

Preexisting Diabetes and Pregnancy
stillbirth in New Jersey 1997–2005. J
Matern Fetal Neonatal Med 25:699–705,
2012
301. Gardosi J, Madurasinghe V, Williams M,
Malik A, Francis A: Maternal and fetal risk
factors for stillbirth: population-based
study. BMJ 2013 Jan 24 [Epub] doi:
10.1136/bmj.f108
302. Macintosh MC, Fleming KM, Bailey JA,
Doyle P, Modder J, Acolet D, Golightly S,
Miller A: Perinatal mortality and congenital anomalies in babies of women with
type 1 or type 2 diabetes in England,
Wales, and Northern Ireland: a population
based study. BMJ 2006 Jul 22 [Epub] doi:
10.1136/bmj.38856.692986.AE
303. Platt MJ, Stannisstreet M, Casson IF,
Howard CV, Walkinshaw S, Pennycook S,
McKendrick O: St Vincent’s Declaration
10 years on: outcomes of diabetic pregnancies. Diabet Med 19:216–220, 2002
304. Penney GC, Mair G, Pearson DW; Scottish
Diabetes in Pregnancy Group: Outcomes
of pregnancies in women with type 1
diabetes in Scotland: a national population-based study. BJOG 110:315–318,
2003
305. Jacquemyn Y, Vandermotte V, Van
Hoorick K, Martens G: Birth weight
in type 1 diabetic pregnancy. Obstet
Gynecol Int 2010 Dec 22 [Epub] doi:
10.1155/2010/397623
306. Damm P, Mersebach H, Rastam J, Kaaja
R, Hod M, McCance DR, Mathiesen ER:
Poor pregnancy outcome in women with
type 1 diabetes is predicted by elevated
HbA1c and spikes of high glucose values
in the third trimester. J Matern Fetal
Neonatal Med 27:149–154, 2014
307. Persson M, Fadl H: Perinatal outcome
in relation to fetal sex in offspring to
mothers with pre-gestational and gestational diabetes—a population-based
study. Diabet Med 31:1047–1054, 2014
308. Yee LM, Cheng YW, Inturrisi M, Caughey
AB: Effect of gestational weight gain on
perinatal outcomes in women with type 2
diabetes mellitus using the 2009 Institute
of Medicine guidelines. Am J Obstet
Gynecol 205:257.e1–257.e6, 2011
309. Dunne F, Brydon P, Smith K, Gee H:
Pregnancy in women with type 2 diabetes:
12 years outcome data 1990–2002.
Diabet Med 20:734–738, 2003
310. Wood SL, Jick H, Sauve R: The risk of
stillbirth in pregnancies before and
after the onset of diabetes. Diabet Med
20:703–707, 2003
311. Cundy T, Gamble G, Neale L, Elder
R, McPherson P, Henley P, Rowan J:
Differing causes of pregnancy loss in
type 1 and type 2 diabetes. Diabetes Care
30:2603–2607, 2007

312. Smulian JC, Ananth CV, Vintzileos AM,
Scorza WE, Knuppel RA: Fetal deaths in
the United States. Influence of high-risk
conditions and implications for management. Obstet Gynecol 100:1183–1189,
2002
313. Carmichael SL, Blumenfeld YJ, Mayo J,
Wei E, Gould JB, Stevenson DK, Shaw
GM; March of Dimes Prematurity
Research Center at Stanford University
School of Medicine: Prepregnancy
obesity and risks of stillbirth. PLOS ONE
2015 Oct 14 [Epub] doi: 10.1371/journal.
pone.0138549
314. Mondestin MA, Ananth CV, Smulian JC,
Vintzileos AM: Birth weight and fetal
death in the United States: the effect of
maternal diabetes during pregnancy. Am
J Obstet Gynecol 187:922–926, 2002
315. Canterino JC, Ananth CV, Smulian J,
Harrigan JT, Vintzileos AM: Maternal
age and risk of death in singleton gestations: USA, 1995–2000. J Matern Fetal
Neonatal Med 15:193–197, 2004
316. Jensen DM, Korsholm L, Ovesen P,
Beck-Nielsen H, Moelsted-Pedersen L,
Westergaard JG, Moeller M, Damm P:
Peri-conceptional A1C and risk of serious
adverse pregnancy outcome in 933
women with type 1 diabetes. Diabetes
Care 32:1046–1048, 2009
317. Rackham O, Paize F, Weindling AM:
Cause of death in infants of women with
pregestational diabetes mellitus and
the relationship with glycemic control.
Postgrad Med 121:26–32, 2009
318. Beyerlein A, von Kries R, Hummel
M, Lack N, Schiessl B, Giani G, Icks
A: Improvement in pregnancy-related
outcomes in the offspring of diabetic
mothers in Bavaria, Germany, during
1987–2007. Diabet Med 27:1379–1384,
2010
319. Lauenborg J, Mathiesen E, Ovesen
P, Westergaard JG, Ekbom P, MolstedPedersen L, Damm P: Audit on stillbirths
in women with pregestational type 1
diabetes. Diabetes Care 26:1385–1389,
2003
320. Helgadottir LB, Turowski G, Skjeldestad
FE, Jacobsen AF, Sandset PM, Roald B,
Jacobsen EM: Classification of stillbirths
and risk factors by cause of death—a
case-control study. Acta Obstet Gynecol
Scand 92:325–333, 2013
321. Hogue CJ, Parker CB, Willinger M, Temple
JR, Bann CM, Silver RM, Dudley DJ,
Koch MA, Coustan DR, Stoll BJ, Reddy
UM, Varner MW, Saade GR, Conway
D, Goldenberg RL; Eunice Kennedy
Shriver National Institute of Child Health
and Human Development Stillbirth
Collaborative Research Network Writing

Group: A population-based case-control
study of stillbirth: the relationship of significant life events to the racial disparity
for African Americans. Am J Epidemiol
177:755–767, 2013
322. Sibai BM, Caritis SN, Hauth JC,
MacPherson C, VanDorsten JP, Klebanoff
M, Landon M, Paul RH, Meis PJ,
Miodovnik M, Dombrowski MP, Thurnau
GR, Moawad AH, Roberts J: Preterm
delivery in women with pregestational
diabetes mellitus or chronic hypertension
relative to women with uncomplicated
pregnancies. The National Institute of
Child Health and Human Development
Maternal-Fetal Medicine Units Network.
Am J Obstet Gynecol 183:1520–1524,
2000
323. Cheng YW, Kaimal AJ, Bruckner TA,
Halloran DR, Caughey AB: Perinatal
morbidity associated with late preterm
deliveries compared with deliveries
between 37 and 40 weeks of gestation.
BJOG 118:1446–1454, 2011
324. Rosenberg TJ, Garbers S, Lipkind H,
Chiasson MA: Maternal obesity and
diabetes as risk factors for adverse pregnancy outcomes: differences among 4
racial/ethnic groups. Am J Public Health
95:1545–1551, 2005
325. Idris N, Wong SF, Thomae M, Gardener
G, McIntyre DH: Influence of polyhydramnios on perinatal outcome in
pregestational diabetic pregnancies.
Ultrasound Obstet Gynecol 36:338–343,
2010
326. Hankins GD, Clark SM, Munn MB:
Cesarean section on request at 39
weeks: impact on shoulder dystocia, fetal
trauma, neonatal encephalopathy, and
intrauterine fetal demise. Semin Perinatol
30:276–287, 2006
327. Remsberg KE, McKeown RE, McFarland
KF, Irwin LS: Diabetes in pregnancy
and cesarean delivery. Diabetes Care
22:1561–1567, 1999
328. Dharan VB, Srinivas SK, Parry S, Ratcliffe
SJ, Macones G: Pregestational diabetes: a
risk factor for vaginal birth after cesarean
section failure? Am J Perinatol 27:265–
270, 2010
329. Cormier CM, Landon MB, Lai Y, Spong
CY, Rouse DJ, Leveno KJ, Varner MW,
Simhan HN, Wapner RJ, Sorokin Y,
Miodovnik M, Carpenter M, Peaceman
AM, O’Sullivan MJ, Sibai BM, Langer O,
Thorp JM, Mercer BM; Eunice Kennedy
Shriver National Institute of Child Health
and Human Development Maternal-Fetal
Medicine Units (NICHD MFMU) Network:
White’s classification of maternal diabetes
and vaginal birth after cesarean delivery

5–87

DIABETES IN AMERICA, 3rd Edition

success in women undergoing a trial of
labor. Obstet Gynecol 115:60–64, 2010
330. Barfield WD; Committee on Fetus and
Newborn: Standard terminology for fetal,
infant, and perinatal deaths. Pediatrics
137:e20160551 2016 May [Epub] doi:
10.1542/peds.2016-0551
331. Inkster ME, Fahey TP, Donnan PT, Leese
GP, Mires GJ, Murphy DJ: The role of
modifiable pre-pregnancy risk factors in
preventing adverse fetal outcomes among
women with type 1 and type 2 diabetes.
Acta Obstet Gynecol Scand 88:1153–
1157, 2009
332. Pfister RH, Bingham P, Edwards EM,
Horbar JD, Kenny MJ, Inder T, Nelson
KB, Raju T, Soll RF: The Vermont Oxford
Neonatal Encephalopathy Registry: rationale, methods, and initial results. BMC
Pediatr 12:84, 2012 Jun 22 [Epub] doi:
10.1186/1471-2431-12-84
333. Hall DA, Wadwa RP, Goldenberg NA,
Norris JM: Maternal risk factors for term
neonatal seizures: population-based study
in Colorado, 1989–2003. J Child Neurol
21:795–798, 2006
334. Harteman JC, Nikkels PG, Benders MJ,
Kwee A, Groenendaal F, de Vries LS:
Placental pathology in full-term infants
with hypoxic-ischemic neonatal encephalopathy and association with magnetic
resonance imaging pattern of brain injury.
J Pediatr 163:968–995.e2, 2013
335. Tam EW, Haeusslein LA, Bonifacio
SL, Glass HC, Rogers EE, Jeremy RJ,
Barkovich AJ, Ferriero DM: Hypoglycemia
is associated with increased risk for brain
injury and adverse neurodevelopmental
outcome in neonates at risk for encephalopathy. J Pediatr 161:88–93, 2012
336. Kerstjens JM, Bocca-Tjeertes IF, de Winter
AF, Reijneveld SA, Bos AF: Neonatal
morbidities and developmental delay
in moderately preterm-born children.
Pediatrics 130:e265–e272, 2012
337. Locatelli A, Incerti M, Paterlini G, Doria
V, Consonni S, Provero C, Ghidini A:
Antepartum and intrapartum risk factors
for neonatal encephalopathy at term. Am
J Perinatol 27:649–654, 2010
338. Persson M, Pasupathy D, Hanson
U, Norman M: Disproportionate body
composition and perinatal outcome
in large-for-gestational-age infants to
mothers with type 1 diabetes. BJOG
119:565–572, 2012
339. Thorngren-Jerneck K, Herbst A: Perinatal
factors associated with cerebral palsy in
children born in Sweden. Obstet Gynecol
108:1499–1505, 2006
340. O’Callaghan ME, MacLennan AH, Gibson
CS, McMichael GL, Haan EA, Broadbent
JL, Goldwater PN, Dekker GA; Australian

5–88

Collaborative Cerebral Palsy Research
Group: Epidemiologic associations with
cerebral palsy. Obstet Gynecol 118:576–
582, 2011
341. Garfinkle J, Wintermark P, Shevell MI,
Platt RW, Oskoui M; Canadian Cerebral
Palsy Registry: Cerebral palsy after
neonatal encephalopathy: how much is
preventable? J Pediatr 167:58–63.e1,
2015
342. Boulet SL, Alexander GR, Salihu HM,
Pass M: Macrosomic births in the United
States: determinants, outcomes, and
proposed grades of risk. Am J Obstet
Gynecol 188:1372–1378, 2003
343. Heiskanen N, Raatikainen K, Heinonen
S: Fetal macrosomia—a continuing
obstetric challenge. Biol Neonate 90:98–
103, 2006
344. Koyanagi A, Zhang J, Dagvadorj
A, Hirayama F, Shibuya K, Souza JP,
Gulmezoglu AM: Macrosomia in 23
developing countries: an analysis of a
multicountry, facility-based, cross-sectional survey. Lancet 381:476–483, 2013
345. Evers IM, de Valk HW, Mol BW, ter Braak
EW, Visser GH: Macrosomia despite good
glycaemic control in type 1 diabetic pregnancy; results of a nationwide study in the
Netherlands. Diabetologia 45:1484–1489,
2002
346. Wong SF, Lee-Tannock A, Amaraddio
D, Chan FY, McIntyre HD: Fetal growth
patterns in fetuses of women with pregestational diabetes mellitus. Ultrasound
Obstet Gynecol 28:934–938, 2006
347. Glinianaia SV, Tennant PW, Bilous RW,
Rankin J, Bell R: HbA(1c) and birthweight
in women with pre-conception type 1
and type 2 diabetes: a population-based
cohort study. Diabetologia 55:3193–3203,
2012
348. Nielsen GL, Dethlefsen C, Moller M,
Sorensen HT: Maternal glycated haemoglobin, pre-gestational weight, pregnancy
weight gain and risk of large-for-gestational-age babies: a Danish cohort study of
209 singleton type 1 diabetic pregnancies.
Diabet Med 24:384–387, 2007
349. Gaudet L, Ferraro ZM, Wen SW, Walker M:
Maternal obesity and occurrence of fetal
macrosomia: a systematic review and
meta-analysis. Biomed Res Int 2014 Dec
7 [Epub] doi: 10.1155/2014/640291
350. Jolly MC, Sebire NJ, Harris JP, Regan L,
Robinson S: Risk factors for macrosomia
and its clinical consequences: a study
of 350,311 pregnancies. Eur J Obstet
Gynecol Reprod Biol 111:9–14, 2003
351. Ong KK: Size at birth, postnatal growth
and risk of obesity. Horm Res 65(Suppl
3):65–69, 2006

352. Zhang X, Decker A, Platt RW, Kramer
MS: How big is too big? The perinatal
consequences of fetal macrosomia. Am J
Obstet Gynecol 198:517.e1–517.e6, 2008
353. Rijpert M, Evers IM, de Vroede MA, de
Valk HW, Heijnen CJ, Visser GH: Risk
factors for childhood overweight in
offspring of type 1 diabetic women with
adequate glycemic control during pregnancy. Nationwide follow-up study in the
Netherlands. Diabetes Care 32:2099–
2104, 2009
354. Rowan JA, Luen S, Hughes RC, Sadler
LC, McCowan LM: Customized birthweight centiles are useful for identifying
small-for-gestational-age babies in women
with type 2 diabetes. Aust N Z J Obstet
Gynaecol 49:180–184, 2009
355. Persson M, Pasupathy D, Hanson U,
Norman M: Birth size distribution in
3,705 infants born to mothers with type
1 diabetes: a population-based study.
Diabetes Care 34:1145–1149, 2011
356. Bollepalli S, Dolan LM, Miodovnik M,
Feghali M, Khoury JC: Asymmetric
large-for-gestational-age infants of type 1
diabetic women: morbidity and abdominal
growth. Am J Perinatol 27:603–610, 2010
357. Getahun D, Ananth CV, Peltier MR, Salihu
HM, Scorza WE: Changes in prepregnancy body mass index between the
first and second pregnancies and risk
of large-for-gestational-age birth. Am
J Obstet Gynecol 196:530.e1–530.e8,
2007
358. Crowther CA, Hiller JE, Moss JR, McPhee
AJ, Jeffries WS, Robinson JS; Australian
Carbohydrate Intolerance Study in
Pregnant Women (ACHOIS) Trial Group:
Effect of treatment of gestational diabetes
mellitus on pregnancy outcomes. N Engl J
Med 352:2477–2486, 2005
359. Landon MB, Spong CY, Thom E,
Carpenter MW, Ramin SM, Casey B,
Wapner RJ, Varner MW, Rouse DJ, Thorp
JM, Jr., Sciscione A, Catalano P, Harper M,
Saade G, Lain KY, Sorokin Y, Peaceman
AM, Tolosa JE, Anderson GB; Eunice
Kennedy Shriver National Institute of
Child Health and Human Development
Maternal-Fetal Medicine Units Network: A
multicenter, randomized trial of treatment
of mild gestational diabetes. N Engl J Med
361:1339–1348, 2009
360. Stuebe AM, Landon MB, Lai Y, Spong
CY, Carpenter MW, Ramin SM, Casey
B, Wapner RJ, Varner MW, Rouse DJ,
Sciscione A, Catalano P, Harper M, Saade
G, Sorokin Y, Peaceman AM, Tolosa JE;
Eunice Kennedy Shriver National Institute
of Child Health and Human Development
Maternal-Fetal Medicine Units Network:
Maternal BMI, glucose tolerance, and

Preexisting Diabetes and Pregnancy
adverse pregnancy outcomes. Am J
Obstet Gynecol 207:62.e1–62.e7, 2012
361. Nesbitt TS, Gilbert WM, Herrchen B:
Shoulder dystocia and associated risk
factors with macrosomic infants born in
California. Am J Obstet Gynecol 179:476–
480, 1998
362. Overland EA, Vatten LJ, Eskild A: Risk of
shoulder dystocia: associations with parity
and offspring birthweight. A population
study of 1 914 544 deliveries. Acta Obstet
Gynecol Scand 91:483–488, 2012
363. Overland EA, Vatten LJ, Eskild A:
Pregnancy week at delivery and the risk
of shoulder dystocia: a population study
of 2,014,956 deliveries. BJOG 121:34–41,
2014
364. Christoffersson M, Rydhstroem H:
Shoulder dystocia and brachial plexus
injury: a population-based study. Gynecol
Obstet Invest 53:42–47, 2002
365. Coomarasamy A, Connock M, Thornton
J, Khan KS: Accuracy of ultrasound biometry in the prediction of macrosomia: a
systematic quantitative review. BJOG
112:1461–1466, 2005
366. Chauhan SP, Lynn NN, Sanderson M,
Humphries J, Cole JH, Scardo JA: A
scoring system for detection of macrosomia and prediction of shoulder dystocia:
a disappointment. J Matern Fetal
Neonatal Med 19:699–705, 2006
367. Secher AL, Byrtoft B, Tabor A, Damm P,
Mathiesen ER: Fetal sonographic characteristics associated with shoulder dystocia
in pregnancies of women with type 1
diabetes. Acta Obstet Gynecol Scand
94:1105–1111, 2015
368. Burkhardt T, Schmidt M, Kurmanavicius
J, Zimmerman R, Schaffer L: Evaluation of
fetal anthropometric measures to predict
the risk for shoulder dystocia. Ultrasound
Obstet Gynecol 43:77–82, 2014
369. Jazayeri A, Heffron JA, Phillips R, Spellacy
WN: Macrosomia prediction using ultrasound fetal abdominal circumference of
35 centimeters or more. Obstet Gynecol
93:523–526, 1999
370. Miller RS, Devine PC, Johnson EB:
Sonographic fetal asymmetry predicts
shoulder dystocia. J Ultrasound Med
26:1523–1528, 2007
371. Rajan PV, Chung JH, Porto M, Wing DA:
Correlation of increased fetal asymmetry
with shoulder dystocia in the nondiabetic
woman with suspected macrosomia. J
Reprod Med 54:478–482, 2009
372. Larson A, Mandelbaum DE: Association
of head circumference and shoulder
dystocia in macrosomic neonates. Matern
Child Health J 17:501–504, 2013
373. Endres L, DeFranco E, Conyac T, Adams
M, Zhou Y, Magner K, O’Rourke L,

Bernhard KA, Siddiqui D, McCormick
A, Abramowicz J, Merkel R, Jawish R,
Habli M, Floman A, Magann E, Chauhan
SP; CAOG FAR Research Network:
Association of fetal abdominal-head
circumference size difference with
shoulder dystocia: a multicenter study.
AJP Rep 5:e099–e104, 2015
374. Lindqvist PG, Ajne G, Cooray C, Erichs K,
Gudmundsson S, Dahlin LB: Identification
of pregnancies at increased risk of
brachial plexus birth palsy—the construction of a weighted risk score. J Matern
Fetal Neonatal Med 27:252–256, 2014
375. Mollberg M, Wennergren M, Bager B,
Ladfors I, Hagberg H: Obstetric brachial
plexus palsy: a prospective study on risk
factors related to manual assistance
during the second stage of labor. Acta
Obstet Gynecol Scand 86:198–204, 2007
376. Foad SL, Mehlman CT, Ying J: The epidemiology of neonatal brachial plexus palsy
in the United States. J Bone Joint Surg
Am 90:1258–1264, 2008
377. Nath RK, Kumar N, Avila MB, Nath
DK, Melcher SE, Eichhorn MG,
Somasundarum C: Risk factors at birth
for permanent obstetric brachial plexus
injury and associated osseous deformities. ISRN Pediatr 2012 Feb 1 [Epub] doi:
10.5402/2012/307039
378. Bager B: Perinatally acquired brachial
plexus palsy—a persisting challenge.
Acta Paediatr 86:1214–1219, 1997
379. Gilbert WM, Nesbitt TS, Danielsen B:
Associated factors in 1611 cases of
brachial plexus injury. Obstet Gynecol
93:536–540, 1999
380. Mollberg M, Hagberg H, Bager B, Lilja H,
Ladfors L: High birthweight and shoulder
dystocia: the strongest risk factors for
obstetrical brachial plexus palsy in a
Swedish population-based study. Acta
Obstet Gynecol Scand 84:654–659, 2005
381. Cheng YW, Norwitz ER, Caughey AB: The
relationship of fetal position and ethnicity
with shoulder dystocia and birth injury.
Am J Obstet Gynecol 195:856–862, 2006
382. Backe B, Magnussen EB, Johansen
OJ, Sellaeg G, Russwurm H: Obstetric
brachial plexus palsy: a birth injury not
explained by the known risk factors. Acta
Obstet Gynecol Scand 87:1027–1032,
2008
383. Volpe KA, Snowden JM, Cheng YW,
Caughey AB: Risk factors for brachial
plexus injury in a large cohort with
shoulder dystocia. Arch Gynecol Obstet
294:925–929, 2016
384. Lindqvist PG, Erichs K, Molnar
C, Gudmundsson S, Dahlin LB:
Characteristics and outcome of brachial

plexus birth palsy in neonates. Acta
Paediatr 101:579–582, 2012
385. Lagerkvist AL, Johansson U, Johansson
A, Bager B, Uvebrant P: Obstetric brachial
plexus palsy: a prospective, population-based study of incidence, recovery,
and residual impairment at 18 months of
age. Dev Med Child Neurol 52:529–534,
2010
386. Gherman RB, Ouzounian JG, Satin AJ,
Goodwin TM, Phelan JP: A comparison
of shoulder dystocia-associated transient
and permanent brachial plexus palsies.
Obstet Gynecol 102:544–548, 2003
387. Rouse DJ, Owen J, Goldenberg RL, Cliver
SP: The effectiveness and costs of
elective cesarean delivery for fetal macrosomia diagnosed by ultrasound. JAMA
276:1480–1486, 1996
388. Mishanina E, Rogozinska E, Thatthi T,
Uddin-Kahn R, Khan KS, Meads C: Use
of labor induction and risk of cesarean
delivery: a systematic review and
meta-analysis. CMAJ 186:665–673, 2014
389. Boulvain M, Senat MV, Perrotin F, Winer
N, Beucher G, Subtil D, Bretelle F, Azria
E, Hejaiej D, Vendittelli F, Capelle M,
Langer B, Matis R, Connan L, Gillard P,
Kirkpatrick C, Ceysens G, Faron G, Irion
O, Rozenberg P; Groupe de Recherche
en Obstetrique et Gynecologie (GROG):
Induction of labour versus expectant
management for large-for-date fetuses:
a randomised controlled trial. Lancet
385:2600–2605, 2015
390. Kjos SL, Henry OA, Montoro M, Buchanan
TA, Mestman JH: Insulin-requiring
diabetes in pregnancy: a randomized trial
of active induction of labor and expectant
management. Am J Obstet Gynecol
169:611–615, 1993
391. Conway DL, Langer O: Elective delivery
of infants with macrosomia in diabetic
women: reduced shoulder dystocia versus
increased cesarean deliveries. Am J
Obstet Gynecol 178:922–925, 1998
392. Lurie S, Insler V, Hagay ZJ: Induction
of labor at 38 to 39 weeks of gestation
reduces the incidence of shoulder
dystocia in gestational diabetic patients
class A2. Am J Perinatol 13:293–296,
1996
393. Zhu H, Kartiko S, Finnell RH: Importance
of gene-environment interactions in the
etiology of selected birth defects. Clin
Genet 75:409–423, 2009
394. Wlodarczyk BJ, Palacios AM, Chapa CJ,
Zhu H, George TM, Finnell RH: Genetic
basis of susceptibility to teratogen
induced birth defects. Am J Med Genet C
Semin Med Genet 157C:215–226, 2011
395. Hobbs CA, Chowdhury S, Cleves MA,
Erickson S, MacLeod SL, Shaw GM, Shete

5–89

DIABETES IN AMERICA, 3rd Edition

S, Witte JS, Tycko B: Genetic epidemiology and nonsyndromic structural
birth defects: from candidate genes to
epigenetics. JAMA Pediatr 168:371–377,
2014
396. Lupo PJ, Canfield MA, Chapa C, Lu
W, Agopian AJ, Mitchell LE, Shaw GM,
Waller DK, Olshan AF, Finnell RH, Zhu
H: Diabetes and obesity-related genes
and the risk of neural tube defects in the
National Birth Defects Prevention Study.
Am J Epidemiol 176:1101–1109, 2012
397. Lupo PJ, Mitchell LE, Canfield MA, Shaw
GM, Olshan AF, Finnell RH, Zhu H;
National Birth Defects Prevention Study:
Maternal-fetal metabolic gene-gene interactions and risk of neural tube defects.
Mol Genet Metab 111:46–51, 2014
398. Becerra JE, Khoury MJ, Cordero JF,
Erickson JD: Diabetes mellitus during
pregnancy and the risks for specific birth
defects: a population-based case-control
study. Pediatrics 85:1–9, 1990
399. Shnorhavorian M, Bittner R, Wright JL,
Schwartz SM: Maternal risk factors for
congenital urinary anomalies: results of
a population-based case-control study.
Urology 78:1156–1161, 2011
400. Dart AB, Ruth CA, Sellers EA, Au W,
Dean HJ: Maternal diabetes mellitus and
congenital anomalies of the kidney and
urinary tract (CAKUT) in the child. Am J
Kidney Dis 65:684–691, 2015
401. Correa A, Gilboa SM, Besser LM, Botto
LD, Moore CA, Hobbs CA, Cleves MA,
Riehle-Colarusso TJ, Waller DK, Reece EA:
Diabetes mellitus and birth defects. Am J
Obstet Gynecol 199:237.e1–237.e9, 2008
402. Dolk H, Loane M, Garne E: The prevalence of congenital anomalies in Europe.
Adv Exp Med Biol 686:349–364, 2010
403. Aberg A, Westbom L, Kallen B: Congenital
malformations among infants whose
mothers had gestational or preexisting
diabetes. Early Hum Dev 61:85–95, 2001
404. Eidem I, Stene LC, Henriksen T, Hanssen
KF, Vangen S, Vollset SE, Joner G:
Congenital anomalies in newborns of
women with type 1 diabetes: nationwide population-based study in Norway,
1999–2004. Acta Obstet Gynecol Scand
89:1403–1411, 2010
405. Vinceti M, Malagoli C, Rothman KJ,
Rodolfi R, Astolfi G, Calzolari E, Puccini
A, Bertolotti M, Lunt M, Paterlini L,
Martini M, Nicolini F: Risk of birth defects
associated with maternal pregestational
diabetes. Eur J Epidemiol 29:411–418,
2014
406. Sharpe PB, Chan A, Haan EA, Hiller JE:
Maternal diabetes and congenital anomalies in South Australia 1986–2000: a
population-based cohort study. Birth

5–90

Defects Res A Clin Mol Teratol 73:605–
611, 2005
407. Nielsen GL, Norgard B, Puho E, Rothman
KJ, Sorensen HT, Czeizel AE: Risk of
specific congenital abnormalities in
offspring of women with diabetes. Diabet
Med 22:693–696, 2005
408. Garne E, Loane M, Dolk H, Barisic I,
Addor MC, Arriola L, Bakker M, Calzolari
E, Matias Dias C, Doray B, Gatt M, Melve
KK, Nelen V, O’Mahony M, Pierini A,
Randrianaivo-Ranjatoelina H, Rankin J,
Rissmann A, Tucker D, Verellun-Dumoulin
C, Wiesel A: Spectrum of congenital
anomalies in pregnancies with pregestational diabetes. Birth Defects Res A Clin
Mol Teratol 94:134–140, 2012
409. Evers IM, de Valk HW, Visser GH: Male
predominance of congenital malformations in infants of women with type 1
diabetes. Diabetes Care 32:1194–1195,
2009
410. Garcia-Patterson A, Aulinas A, Sojo L,
Ginovart G, Adelantado JM, de Leiva A,
Corcoy R: Poorer perinatal outcome in
male newborns of women with pregestational diabetes mellitus. Diabet Med
28:436–439, 2011
411. Lubinsky MS: Classifying sex biased
congenital anomalies. Am J Med Genet
69:225–228, 1997
412. Lary JM, Paulozzi LJ: Sex differences in
the prevalence of human birth defects:
a population-based study. Teratology
64:237–251, 2001
413. Shaw GM, Carmichael SL, Kaidarova Z,
Harris JA: Differential risks to males and
females for congenital malformations
among 2.5 million California births,
1989–1997. Birth Defects Res A Clin Mol
Teratol 67:953–958, 2003
414. Rittler M, Lopez-Camelo J, Castilla EE:
Sex ratio and associated risk factors for
50 congenital anomaly types: clues for
causal heterogeneity. Birth Defects Res A
Clin Mol Teratol 70:13–19, 2004
415. Lisi A, Botto LD, Rittler M, Castilla E,
Bianca S, Bianchi F, Botting B, De Walle
H, Erickson JD, Gatt M, De Vigan C,
Irgens L, Johnson W, Lancaster P, Merlob
P, Mutchinick OM, Ritvanen A, Robert E,
Scarano G, Stoll C, Mastroiacovo P: Sex
and congenital malformations: an international perspective. Am J Med Genet A
134A:49–57, 2005
416. Tennant PW, Samarasekera SD, PlessMulloli T, Rankin J: Sex differences in the
prevalence of congenital anomalies: a
population-based study. Birth Defects Res
A Clin Mol Teratol 91:894–901, 2011
417. Sokal R, Tata LJ, Fleming KM: Sex
prevalence of major congenital anomalies in the United Kingdom: a national

population-based study and international
comparison meta-analysis. Birth Defects
Res A Clin Mol Teratol 100:79–91, 2014
418. Orzack SH, Stubblefield JW, Akmaev VR,
Colls P, Munne S, Scholl T, Steinsaltz D,
Zuckerman JE: The human sex ratio from
conception to birth. Proc Natl Acad Sci
U S A 112:E2102–E2111, 2015
419. Kellokumpu-Lehtinen P, Pelliniemi LJ:
Sex ratio of human conceptuses. Obstet
Gynecol 64:220–222, 1984
420. Khoury MJ, Flanders WD, James LM,
Erickson JD: Human teratogens, prenatal
mortality, and selection bias. Am J
Epidemiol 130:361–370, 1989
421. Khoury MJ, Becerra JE, Cordero JF,
Erickson JD: Clinical-epidemiologic
assessment of pattern of birth defects
associated with human teratogens: application to diabetic embryopathy. Pediatrics
84:658–665, 1989
422. Heron M: Deaths: leading causes for 2015.
Natl Vital Stat Rep 66:1–76, 2017
423. Brown ZA, Mills JL, Metzger BE, Knopp
RH, Simpson JL, Jovanovic-Peterson L,
Scheer K, Van Allen MI, Aarons JH, Reed
GF: Early sonographic evaluation for
fetal growth delay and congenital malformations in pregnancies complicated
by insulin-requiring diabetes. National
Institute of Child Health and Human
Development Diabetes in Early Pregnancy
Study. Diabetes Care 15:613–619, 1992
424. Reece EA: Obesity, diabetes, and links
to congenital defects: a review of the
evidence and recommendations for
intervention. J Matern Fetal Neonatal Med
21:173–180, 2008
425. Miller JL, de Veciana M, Turan S, Kush
M, Manogura A, Harman CR, Baschat
AA: First-trimester detection of fetal
anomalies in pregestational diabetes
using nuchal translucency, ductus venosis
Doppler, and maternal glycosylated hemoglobin. Am J Obstet Gynecol 208:385.
e1–385.e8, 2013
426. Albert TJ, Landon MB, Wheller JJ,
Samuels P, Cheng RF, Gabbe S: Prenatal
detection of fetal anomalies in pregnancies complicated by insulin-dependent
diabetes mellitus. Am J Obstet Gynecol
174:1424–1428, 1996
427. Smith RS, Comstock CH, Lorenz RP,
Kirk JS, Lee W: Maternal diabetes
mellitus: which views are essential for
fetal echocardiography? Obstet Gynecol
90:575–579, 1997
428. Newham JJ, Glinianaia SV, Tennant PW,
Rankin J, Bell R: Improved antenatal
detection of congenital anomalies in
women with pre-gestational diabetes:
population-based cohort study. Diabet
Med 30:1442–1448, 2013

Preexisting Diabetes and Pregnancy
429. Wong SF, Chan FY, Cincotta RB, Oats
JJ, McIntyre HD: Routine ultrasound
screening in diabetic pregnancies.
Ultrasound Obstet Gynecol 19:171–176,
2002
430. Dashe JS, McIntire DD, Twickler DM:
Effect of maternal obesity on the ultrasound detection of anomalous fetuses.
Obstet Gynecol 113:1001–1007, 2009
431. Best KE, Tennant PW, Bell R, Rankin J:
Impact of maternal body mass index on
the antenatal detection of congenital
anomalies. BJOG 119:1503–1511, 2012
432. Mills JL, Troendle J, Conley MR, Carter
T, Druschel CM: Maternal obesity and
congenital heart defects: a population-based study. Am J Clin Nutr
91:1543–1549, 2010
433. Gonzalez Gonzalez NL, Gonzalez Davila
E, Goya M, Vega B, Hernandez Suarez
M, Bartha JL; Spanish Diabetes and
Pregnancy Study Group: Twin pregnancy
among women with pregestational type 1
or type 2 diabetes mellitus. Int J Gynaecol
Obstet 126:83–87, 2014
434. Liu S, Joseph KS, Lisonkova S, Rouleau
J, Van den Hof M, Sauve R, Kramer
MS; Canadian Perinatal Surveillance
System (Public Health Agency of
Canada): Association between maternal
chronic conditions and congenital heart
defects: a population-based cohort study.
Circulation 128:583–589, 2013
435. Darke J, Glinianaia SV, Marsden P, Bell R:
Pregestational diabetes is associated with
adverse outcomes in twin pregnancies: a
regional register-based study. Acta Obstet
Gynecol Scand 95:339–346, 2016
436. Loffredo CA, Wilson PD, Ferencz C:
Maternal diabetes: an independent risk
factor for major cardiovascular malformations with increased mortality of affected
infants. Teratology 64:98–106, 2001
437. Lisowski LA, Verheijen PM, Copel JA,
Kleinman CS, Wassink S, Visser GH,
Meijboom EJ: Congenital heart disease
in pregnancies complicated by maternal
diabetes mellitus. An international clinical collaboration, literature review, and
meta-analysis. Herz 35:19–26, 2010
438. Vereczkey A, Gerencser B, Czeizel AE,
Szabo I: Association of certain chronic
maternal diseases with the risk of specific
congenital heart defects: a population-based study. Eur J Obstet Gynecol
Reprod Biol 182:1–6, 2014
439. Ouyang F, Parker M, Cerda S, Pearson C,
Fu L, Gillman MW, Zuckerman B, Wang
X: Placental weight mediates the effects
of prenatal factors on fetal growth: the
extent differs by preterm status. Obesity
(Silver Spring) 21:609–620, 2013

440. Ouyang F, Parker MG, Luo ZC, Wang
X, Zhang HJ, Jiang F, Wang X, Gillman
MW, Zhang J: Maternal BMI, gestational
diabetes, and weight gain in relation to
childhood obesity: the mediation effect of
placental weight. Obesity (Silver Spring)
24:938–946, 2016
441. Higgins M, Felle P, Mooney EE, Bannigan
J, McAuliffe FM: Stereology of the
placenta in type 1 and type 2 diabetes.
Placenta 32:564–569, 2011
442. Beauharnais CC, Roberts DJ, Wexler DJ:
High rate of placental infarcts in type 2
compared with type 1 diabetes. J Clin
Endocrinol Metab 97:E1160–E1164, 2012
443. Cvitic S, Desoye G, Hiden U: Glucose,
insulin, and oxygen interplay in placental
hypervascularization in diabetes mellitus.
Biomed Res Int 2014 Sep 2 [Epub] doi:
10.1155/2014/145846
444. Huynh J, Yamada J, Beauharnais
C, Wenger JB, Thadhani RI, Wexler D,
Roberts DJ, Bentley-Lewis R: Type 1,
type 2 and gestational diabetes mellitus
differentially impact placental pathologic
characteristics of uteroplacental malperfusion. Placenta 36:1161–1166, 2015
445. Jarmuzek P, Wielgos M, Bomba-Opon D:
Placental pathologic changes in gestational diabetes mellitus. Neuro Endocrinol
Lett 36:101–105, 2015
446. Huynh J, Dawson D, Roberts D, BentleyLewis R: A systematic review of placental
pathology in maternal diabetes mellitus.
Placenta 36:101–114, 2015
447. Barta E, Drugan A: A clinical study which
relates to a theoretical simulation of the
glucose transport in the human placenta
under various diabetic conditions. J
Perinat Med 44:405–410, 2016
448. Scholler M, Wadsack C, Lang I,
Etschmaier K, Schweinzer C, Marsche
G, Dieber-Rotheneder M, Desoye G,
Panzenboeck U: Phospholipid transfer
protein in the placental endothelium is
affected by gestational diabetes mellitus.
J Clin Endocrinol Metab 97:437–445,
2012
449. Larque E, Pagan A, Prieto MT, Blanco JE,
Gil-Sanchez A, Zornoza-Moreno M, RuizPalacios M, Gazquez A, Demmelmair H,
Parrilla JJ, Koletzko B: Placental fatty acid
transfer: a key factor in fetal growth. Ann
Nutr Metab 64:247–253, 2014
450. Hiden U, Glitzner E, Ivanisevic M, Djelmis
J, Wadsack C, Lang U, Desoye G:
MT1-MMP expression in first-trimester
placental tissue is upregulated in type 1
diabetes as a result of elevated insulin
and tumor necrosis factor-alpha levels.
Diabetes 57:150–157, 2008
451. Hiden U, Lassance L, Tabrizi NG, Miedl
H, Tam-Amersdorfer C, Cetin I, Lang

U, Desoye G: Fetal insulin and IGF-II
contribute to gestational diabetes mellitus
(GDM)-associated up-regulation of
membrane-type matrix metalloproteinase
1 (MT1-MMP) in the human feto-placental
endothelium. J Clin Endocrinol Metab
97:3613–3621, 2012
452. Jansson N, Rosario FJ, Gaccioli F, Lager
S, Jones HN, Roos S, Jansson T, Powell
TL: Activation of placental mTOR signaling
and amino acid transporters in obese
women giving birth to large babies. J Clin
Endocrinol Metab 98:105–113, 2013
453. Gaccioli F, Lager S, Powell TL, Jansson T:
Placental transport in response to altered
maternal nutrition. J Dev Orig Health Dis
4:101–115, 2013
454. Brett KE, Ferraro ZM, Yockell-Lelievre
J, Gruslin A, Adamo KB: Maternal-fetal
nutrient transport in pregnancy pathologies: the role of the placenta. Int J Mol Sci
15:16153–16185, 2014
455. Araujo JR, Keating E, Martel F: Impact of
gestational diabetes mellitus in the maternal-to-fetal transport of nutrients. Curr
Diab Rep 15:569, 2015
456. Enquobahrie DA, Williams MA, Qiu C,
Meller M, Sorensen TK: Global placental
gene expression in gestational diabetes
mellitus. Am J Obstet Gynecol 200:206.
e1–206.e13, 2009
457. Radaelli T, Lepercq J, Varastehpour
A, Basu S, Catalano PM, Hauguel-de
Mouzon S: Differential regulation of
genes for fetoplacental lipid pathways in
pregnancy with gestational and type 1
diabetes mellitus. Am J Obstet Gynecol
201:209.e1–209.e10, 2009
458. Clifton VL: Review: sex and the human
placenta: mediating differential strategies
of fetal growth and survival. Placenta
31(Suppl):S33–S39, 2010
459. Buckberry S, Bianco-Miotto T, Bent
SJ, Dekker GA, Roberts CT: Integrative
transcriptome meta-analysis reveals widespread sex-biased gene expression at the
human fetal-maternal interface. Mol Hum
Reprod 20:810–819, 2014
460. Kappil MA, Green BB, Armstrong DA,
Sharp AJ, Lambertini L, Marsit CJ, Chen J:
Placental expression profile of imprinted
genes impacts birth weight. Epigenetics
10:842–849, 2015
461. Lassance L, Haghiac M, Leahy P, Basu S,
Minium J, Zhou J, Reider M, Catalano PM,
Hauguel-de Mouzon S: Identification of
early transcriptome signatures in placenta
exposed to insulin and obesity. Am J
Obstet Gynecol 212:647.e1–647.11, 2015
462. Januar V, Desoye G, Novakovic B, Cvitic
S, Saffery R: Epigenetic regulation of
human placental function and pregnancy outcome: considerations for

5–91

DIABETES IN AMERICA, 3rd Edition

causal inference. Am J Obstet Gynecol
213(Suppl):S182–S196, 2015
463. Nugent BM, Bale TL: The omniscient
placenta: metabolic and epigenetic
regulation of fetal programming. Front
Neuroendocrinol 39:28–37, 2015
464. Lendvai A, Deutsch MJ, Plosch T,
Ensenauer R: The peroxisome proliferator-activated receptors under epigenetic
control in placental metabolism and fetal
development. Am J Physiol Endocrinol
Metab 310:E797–E810, 2016
465. Su R, Wang C, Feng H, Lin L, Liu X, Wei
Y, Yang H: Alteration in expression and
methylation of IGF2/H19 in placenta
and umbilical cord blood are associated with macrosomia exposed to
intrauterine hyperglycemia. PLOS ONE
2016 Feb 3 [Epub] doi: 10.1371/journal.
pone.0148399
466. Desoye G, van Poppel M: The feto-placental dialogue and diabesity. Best Pract
Res Clin Obstet Gynaecol 29:15–23, 2015
467. Foster W, Myllynen P, Winn LM, Ornoy
A, Miller RK: Reactive oxygen species,
diabetes and toxicity in the placenta—a
workshop report. Placenta 29(Suppl
A):S105–S107, 2008
468. Rice GE, Scholz-Romero K, Sweeney
E, Peiris H, Kobayashi M, Duncombe G,
Mitchell MD, Salomon C: The effect of
glucose on the release and bioactivity of
exosomes from first trimester trophoblast
cells. J Clin Endocrinol Metab 100:E1280–
E1288, 2015
469. Mayeur S, Wattez JS, Lukaszewski MA,
Lecoutre S, Butruille L, Drougard A,
Eberle D, Bastide B, Laborie C, Storme
L, Knauf C, Vieau D, Breton C, Lesage J:
Apelin controls fetal and neonatal glucose
homeostasis and is altered by maternal
undernutrition. Diabetes 65:554–560,
2016
470. Biron-Shental T, Sukenik-Halevy R,
Naboani H, Liberman M, Kats R, Amiel A:
Telomeres are shorter in placentas from
pregnancies with uncontrolled diabetes.
Placenta 36:199–203, 2015
471. Bari MF, Ngo S, Bastie CC, Sheppard AM,
Vatish M: Gestational diabetic transcriptomic profiling of microdissected human
trophoblast. J Endocrinol 229:47–59,
2016
472. Koskinen A, Lehtoranta L, Laiho A, Laine
J, Kaapa P, Soukka H: Maternal diabetes
induces changes in the umbilical cord
gene expression. Placenta 36:767–774,
2015
473. Van Pham P, Truong NC, Le PT, Tran
TD, Vu NB, Bui KH, Phan NK: Isolation
and proliferation of umbilical cord tissue
derived mesenchymal stem cells for

5–92

clinical applications. Cell Tissue Bank
17:289–302, 2016
474. Boyle KE, Patinkin ZW, Shapiro AL,
Baker PR, 2nd, Dabelea D, Friedman JE:
Mesenchymal stem cells from infants
born to obese mothers exhibit greater
potential for adipogenesis: the Healthy
Start BabyBUMP Project. Diabetes
65:647–659, 2016
475. Montanucci P, Alunno A, Basta G, Bistoni
O, Pescara T, Caterbi S, Pennoni I, Bini V,
Gerli R, Calafiore R: Restoration of T cell
subsets of patients with type 1 diabetes
mellitus by microencapsulated human
umbilical cord Wharton jelly-derived
mesenchymal stem cells: an in vitro study.
Clin Immunol 163:34–41, 2016
476. Salomon C, Scholz-Romero K, Sarker S,
Sweeney E, Kobayashi M, Correa P, Longo
S, Duncombe G, Mitchell MD, Rice GE,
Illanes SE: Gestational diabetes mellitus
is associated with changes in the concentration and bioactivity of placenta-derived
exosomes in maternal circulation across
gestation. Diabetes 65:598–609, 2016
477. Catov JM, Peng Y, Scifres CM, Parks WT:
Placental pathology measures: can they
be rapidly and reliably integrated into
large-scale perinatal studies? Placenta
36:687–692, 2015
478. Narchi H, Kulaylat N: Heart disease in
infants of diabetic mothers. Images
Paediatr Cardiol 2:17–23, 2000
479. Mimouni F, Miodovnik M, Siddiqi TA,
Butler JB, Holroyde J, Tsang RC: Neonatal
polycythemia in infants of insulin-dependent diabetic mothers. Obstet Gynecol
68:370–372, 1986
480. Mimouni F, Tsang RC, Hertzberg VS,
Miodovnik M: Polycythemia, hypomagnesemia, and hypocalcemia in infants
of diabetic mothers. Am J Dis Child
140:798–800, 1986
481. Salvesen DR, Brudenell MJ, Nicolaides
KH: Fetal polycythemia and thrombocytopenia in pregnancies complicated by
maternal diabetes mellitus. Am J Obstet
Gynecol 166:1287–1293, 1992
482. Nelson SM, Freeman DJ, Sattar N,
Lindsay RS: Erythrocytosis in offspring
of mothers with type 1 diabetes—are
factors other than insulin critical determinants? Diabet Med 26:887–892, 2009
483. Nold JL, Georgieff MK: Infants of diabetic
mothers. Pediatr Clin North Am 51:619–
637, 2004
484. Hay WW, Jr.: Care of the infant of the
diabetic mother. Curr Diab Rep 12:4–15,
2012
485. Maayan-Metzger A, Lubin D, Kuint J:
Hypoglycemia rates in the first days of
life among term infants born to diabetic
mothers. Neonatology 96:80–85, 2009

486. Harris DL, Weston PJ, Harding JE:
Incidence of neonatal hypoglycemia
in babies identified as at risk. J Pediatr
161:787–791, 2012
487. VanHaltren K, Malhotra A: Characteristics
of infants at risk of hypoglycaemia
secondary to being ‘infant of a diabetic
mother’. J Pediatr Endocrinol Metab
26:861–865, 2013
488. Cornblath M, Hawdon JM, Williams
AF, Aynsley-Green A, Ward-Platt MP,
Schwartz R, Kalhan SC: Controversies
regarding definition of neonatal hypoglycemia: suggested operational thresholds.
Pediatrics 105:1141–1145, 2000
489. Hay WW, Jr., Raju TN, Higgins RD, Kalhan
SC, Devaskar SU: Knowledge gaps and
research needs for understanding and
treating neonatal hypoglycemia: workshop report from Eunice Kennedy Shriver
National Institute of Child Health and
Human Development. J Pediatr 155:612–
617, 2009
490. Stanley CA, Rozance PJ, Thornton PS,
De Leon DD, Harris D, Haymond MW,
Hussain K, Levitsky LL, Murad MH,
Simmons RA, Sperling MA, Weinstein DA,
White NH, Wolfsdorf JI: Re-evaluating
“transitional neonatal hypoglycemia”:
mechanism and implications for management. J Pediatr 166:1520–1525.e1, 2015
491. American Academy of Pediatrics,
Committee on Fetus and Newborn;
Adamkin DH: Postnatal glucose homeostasis in late-preterm and term infants.
Pediatrics 127:575–579, 2011
492. Simmons R, Stanley C: Neonatal hypoglycemia studies—is there a sweet story
of success yet? N Engl J Med 373:1567–
1569, 2015
493. Metzger BE, Persson B, Lowe LP, Dyer
AR, Cruickshank JK, Deerochanawong C,
Halliday HL, Hennis AJ, Liley H, Ng PC,
Coustan DR, Hadden DR, Hod M, Oats
JJ, Trimble ER; HAPO Study Cooperative
Research Group: Hyperglycemia and
Adverse Pregnancy Outcome Study:
neonatal glycemia. Pediatrics 126:e1545–
e1552, 2010
494. Kaiser JR, Bai S, Gibson N, Holland G, Lin
TM, Swearingen CJ, Mehl JK, ElHassan
NO: Association between transient
newborn hypoglycemia and fourthgrade achievement test proficiency: a
population-based study. JAMA Pediatr
169:913–921, 2015
495. Harris DL, Alsweiler JM, Ansell JM,
Gamble GD, Thompson B, Wouldes
TA, Yu TY, Harding JE; Children
with Hypoglycaemia and their Later
Development (CHYLD) Study Team:
Outcome at 2 years after dextrose gel
treatment for neonatal hypoglycemia:

Preexisting Diabetes and Pregnancy
follow-up of a randomized trial. J Pediatr
170:54–59.e2, 2016
496. McKinlay CJ, Alsweiler JM, Ansell JM,
Anstice NS, Chase JG, Gamble GD,
Harris DL, Jacobs RJ, Jiang Y, Paudel
N, Signal M, Thompson B, Wouldes TA,
Yu TY, Harding JE; CHYLD Study Group:
Neonatal glycemia and neurodevelopmental outcomes at 2 years. N Engl J
Med 373:1507–1518, 2015
497. Simmons D, Conroy C, Thompson CF:
In-hospital breast feeding rates among
women with gestational diabetes and
pregestational type 2 diabetes in South
Auckland. Diabet Med 22:177–181, 2005
498. Thornton PS, Stanley CA, De Leon
DD, Harris D, Haymond MW, Hussain
K, Levitsky LL, Murad MH, Rozance PJ,
Simmons RA, Sperling MA, Weinstein
DA, White NH, Wolfsdorf JI; Pediatric
Endocrine Society: Recommendations
from the Pediatric Endocrine Society for
evaluation and management of persistent
hypoglycemia in neonates, infants, and
children. J Pediatr 167:238–245, 2015
499. Cordua S, Secher AL, Ringholm L, Damm
P, Mathiesen ER: Real-time continuous
glucose monitoring during labour and
delivery in women with type 1 diabetes—
observations from a randomized
controlled trial. Diabet Med 30:1374–
1381, 2013
500. Ryan EA, Al-Agha R: Glucose control
during labor and delivery. Curr Diab Rep
14:450, 2014
501. Chertok IR, Raz I, Shoham I, Haddad H,
Wiznitzer A: Effects of early breastfeeding
on neonatal glucose levels of term infants
born to women with gestational diabetes.
J Hum Nutr Diet 22:166–169, 2009
502. Stage E, Mathiesen ER, Emmersen PB,
Greisen G, Damm P: Diabetic mothers
and their newborn infants—rooming-in
and neonatal morbidity. Acta Paediatr
99:997–999, 2010
503. Tozier PK: Colostrum versus formula
supplementation for glucose stabilization
in newborns of diabetic mothers. J Obstet
Gynecol Neonatal Nurs 42:619–628,
2013
504. Cordero L, Ramesh S, Hillier K,
Giannone PJ, Nankervis CA: Early
feeding and neonatal hypoglycemia
in infants of diabetic mothers. SAGE
Open Med 2013 Dec 19 [Epub] doi:
10.1177/2050312113516613
505. Maayan-Metzger A, Schushan-Eisen I,
Lubin D, Moran O, Kuint J, Mazkereth
R: Delivery room breastfeeding for
prevention of hypoglycaemia in infants
of diabetic mothers. Fetal Pediatr Pathol
33:23–28, 2014

506. Harris DL, Weston PJ, Signal M, Chase
JG, Harding JE: Dextrose gel for neonatal
hypoglycemia (the Sugar Babies Study): a
randomised, double-blind, placebo-controlled trial. Lancet 382:2077–2083, 2013
507. Cordero L, Rath K, Zheng K, Landon
MB, Nankervis CA: Delivery room
triage of large for gestational age
infants of diabetic mothers. SAGE
Open Med 2014 Mar 24 [Epub] doi:
10.1177/2050312114527282
508. Mimouni F, Loughead J, Miodovnik
M, Khoury J, Tsang RC: Early neonatal
predictors of neonatal hypocalcemia in
infants of diabetic mothers: an epidemiologic study. Am J Perinatol 7:203–206,
1990
509. Demarini S, Mimouni F, Tsang RC, Khoury
J, Hertzberg V: Impact of metabolic
control of diabetes during pregnancy on
neonatal hypocalcemia: a randomized
study. Obstet Gynecol 83:918–922, 1994
510. Schwartz R, Teramo KA: Effects of
diabetic pregnancy on the fetus and
newborn. Semin Perinatol 24:120–135,
2000
511. American Academy of Pediatrics,
Subcommittee on Hyperbilirubinemia:
Management of hyperbilirubinemia in
the newborn infant 35 or more weeks
of gestation. Pediatrics 114:297–316,
2004 (Published correction appears in
Pediatrics 114:1138, 2004.)
512. Maisels MJ, Bhutani VK, Bogen D,
Newman TB, Stark AR, Watchko JF:
Hyperbilirubinemia in the newborn infant
> or =35 weeks’ gestation: an update with
clarifications. Pediatrics 124:1193–1198,
2009
513. Bhutani VK; Committee on Fetus
and Newborn, American Academy of
Pediatrics: Phototherapy to prevent
severe neonatal hyperbilirubinemia in
the newborn infant 35 or more weeks of
gestation. Pediatrics 128:e1046–e1052,
2011
514. Trikalinos TA, Chung M, Lau J, Ip S:
Systematic review of screening for
bilirubin encephalopathy in neonates.
Pediatrics 124:1162–1171, 2009
515. US Preventive Services Task Force:
Screening infants for hyperbilirubinemia
to prevent chronic bilrubin encephalopathy: US Preventive Services Task Force
recommendation statement. Pediatrics
124:1172–1177, 2009
516. Ehrenberg HM, Mercer BM, Catalano
PM: The influence of obesity and diabetes
on the prevalence of macrosomia. Am J
Obstet Gynecol 191:964–968, 2004
517. Salvesen DR, Brudenell JM, Proudler AJ,
Crook D, Nicolaides KH: Fetal pancreatic beta-cell function in pregnancies

complicated by maternal diabetes
mellitus: relationship to fetal acidemia
and macrosomia. Am J Obstet Gynecol
168:1363–1369, 1993
518. Nielsen GL, Dethlefsen C, Moller M,
Sorensen HT: Maternal glycated haemoglobin, pre-gestational weight, pregnancy
weight gain and risk of large-for-gestational-age babies: a Danish cohort study of
209 singleton type 1 diabetic pregnancies.
Diabet Med 24:384–387, 2007
519. Cahill AG, Tuuli MG, Colvin R, Cade WT,
Macones GA: Markers of glycemic control
and neonatal morbidity in high-risk insulin-resistant pregnancies. Am J Perinatol
33:151–156, 2016
520. ACOG Committee on Practice Bulletins:
ACOG Practice Bulletin. Clinical
management guidelines for obstetrician-gynecologists. Number 60, March
2005. Pregestational diabetes mellitus.
Obstet Gynecol 105:675–685, 2005
521. ACOG Committee on Practice Bulletins—
Obstetrics: Practice Bulletin No. 180:
Gestational Diabetes Mellitus. Obstet
Gynecol 130:e17–e37, 2017
522. Canadian Diabetes Association Clinical
Practice Guidelines Expert Committee;
Thompson D, Berger H, Feig D, Gagnon
R, Kader T, Keely E, Kozak S, Sermer M,
Vinokuroff C: Diabetes and pregnancy.
Can J Diabetes 37(Suppl 1):S168–S183,
2013
523. Huang Y, Hu Y, Ma YU, Ye G: Glycated
albumin is an optimal biomarker for gestational diabetes mellitus. Exp Ther Med
10:2145–2149, 2015
524. Li HP, Wang FH, Tao MF, Huang YJ, Jia
WP: Association between glycemic
control and birthweight with glycated
albumin in Chinese women with gestational diabetes mellitus. J Diabetes
Investig 7:48–55, 2016
525. Hashimoto K, Osugi T, Noguchi S,
Morimoto Y, Wasada K, Imai S, Waguri
M, Toyoda R, Fujita T, Kasayama S, Koga
M: A1C but not serum glycated albumin is
elevated because of iron deficiency in late
pregnancy in diabetic women. Diabetes
Care 33:509–511, 2010
526. Koga M, Otsuki M, Matsumoto S, Saito
H, Mukai M, Kasayama S: Negative
association of obesity and its related
chronic inflammation with serum glycated
albumin but not glycated hemoglobin
levels. Clin Chim Acta 378:48–52, 2007
527. Hiramatsu Y, Shimuzu I, Omori Y,
Nakabayashi M; JGA (Japan Glycated
Albumin) Study Group: Determination of
reference intervals of glycated albumin
and hemoglobin A1c in healthy pregnant
Japanese women and analysis of their
time courses and influencing factors

5–93

DIABETES IN AMERICA, 3rd Edition

during pregnancy. Endocr J 59:145–151,
2012
528. Sugawara D, Maruyama A, Imanishi T,
Sugiyama Y, Ichihashi K: Complications
in infants of diabetic mothers related to
glycated albumin and hemoglobin levels
during pregnancy. Pediatr Neonatol
57:496–500, 2016
529. Koga M, Murai J, Saito H, Yamada Y, Mori
T, Suno S, Takeuchi K, Suzuki S, Fujieda
K, Kasayama S: Measurement of glycated
hemoglobin and glycated albumin in
umbilical cord: evaluation of the glycemic
control indicators in neonates. J Perinatol
31:430–433, 2011
530. Suzuki S, Koga M, Niizeki N, Furuya
A, Matsuo K, Tanahashi Y, Tsuchida E,
Nohara F, Okamoto T, Nagaya K, Azuma
H: Evaluation of glycated hemoglobin
and fetal hemoglobin-adjusted HbA1c
measurements in infants. Pediatr
Diabetes 14:267–272, 2013
531. de Veciana M, Major CA, Morgan MA,
Asrat T, Toohey JS, Lien JM, Evans AT:
Postprandial versus preprandial blood
glucose monitoring in women with gestational diabetes mellitus requiring insulin
therapy. N Engl J Med 333:1237–1241,
1995
532. Manderson JG, Patterson CC, Hadden
DR, Traub AI, Ennis C, McCance DR:
Preprandial versus postprandial blood
glucose monitoring in type 1 diabetic
pregnancy: a randomized controlled trial.
Am J Obstet Gynecol 189:507–512, 2003
533. Ben-Haroush A, Yogev Y, Chen R, Rosenn
B, Hod M, Langer O: The postprandial
glucose profile in the diabetic pregnancy.
Am J Obstet Gynecol 191:576–581, 2004
534. Buhling KJ, Winkel T, Wolf C, Kurzidim
B, Mahmoudi M, Wohlfarth K, Wascher
C, Schink T, Dudenhausen JW: Optimal
timing for postprandial glucose measurement in pregnant women with diabetes
and a non-diabetic pregnant population
evaluated by the Continuous Glucose
Monitoring System (CGMS). J Perinat Med
33:125–131, 2005
535. Kersson A, de Valk HW, Visser GH:
Increased second trimester maternal
glucose levels are related to extremely
large-for-gestational-age infants in women
with type 1 diabetes. Diabetes Care
30:1069–1074, 2007
536. Law GR, Ellison GT, Secher AL, Damm
P, Mathiesen ER, Temple R, Murphy
HR, Scott EM: Analysis of continuous
glucose monitoring in pregnant women
with diabetes: distinct temporal patterns
of glucose associated with large-for-gestational-age infants. Diabetes Care
38:1319–1325, 2015

5–94

537. Berry DC, Boggess K, Johnson QB:
Management of pregnant women with
type 2 diabetes mellitus and the consequences of fetal programming in their
offspring. Curr Diab Rep 16:36, 2016
538. Kitzmiller JL, Block J, Brown F, Catalano
P, Conway D, Coustan D, Gunderson
E, Herman W, Hoffman L, Inturrisi M,
Jovanovic L, Kjos S, Knopp R, Montoro
M, Ogata E, Paramsothy P, Reader
DM, Rosenn B, Thomas A, Clark N:
Part 1. Managing preexisting diabetes
mellitus for pregnancy. In Managing
Preexisting Diabetes and Pregnancy.
Technical Reviews and Consensus
Recommendations for Care. Kitzmiller JL,
Jovanovic L, Brown F, Coustan D, Reader
DM, Eds. Alexandria, VA, American
Diabetes Association, 2008, p. 1–268
539. ACOG Committee Opinion No. 650:
physical activity and exercise during pregnancy and the postpartum period. Obstet
Gynecol 126:e135–e142, 2015
540. Egan AM, Dennedy MC, Al-Ramli
W, Heerey A, Avalos G, Dunne F:
ATLANTIC-DIP: excessive gestational
weight gain and pregnancy outcomes in
women with gestational or pregestational
diabetes mellitus. J Clin Endocrinol Metab
99:212–219, 2014
541. Secher AL, Parellada CB, Ringholm L,
Asbjornsdottir B, Damm P, Mathiesen ER:
Higher gestational weight gain is associated with increasing offspring birth weight
independent of maternal glycemic control
in women with type 1 diabetes. Diabetes
Care 37:2677–2684, 2014
542. Siegel AM, Tita A, Biggio JR, Harper LM:
Evaluating gestational weight gain recommendations in pregestational diabetes.
Am J Obstet Gynecol 213:563.e1–563.e5,
2015
543. Catalano PM, Mele L, Landon MB,
Ramin SM, Reddy UM, Casey B, Wapner
RJ, Varner MW, Rouse DJ, Thorp JM,
Jr., Saade G, Sorokin Y, Peaceman
AM, Tolosa JE; Eunice Kennedy Shriver
National Institute of Child Health and
Human Development Maternal-Fetal
Medicine Units Network: Inadequate
weight gain in overweight and obese pregnant women: what is the effect on fetal
growth? Am J Obstet Gynecol 211:137.
e1–137.e7, 2014
544. Sridhar SB, Darbinian J, Ehrlich SF,
Markman MA, Gunderson EP, Ferrara
A, Hedderson MM: Maternal gestational
weight gain and offspring risk for childhood overweight or obesity. Am J Obstet
Gynecol 211:259.e1–259.e8, 2014
545. Luoto R, Kinnunen TI, Aittasalo M, Kolu
P, Raitanen J, Ojala K, Mansikkamaki
K, Lamberg S, Vasankari T, Komulainen

T, Tulokas S: Primary prevention of
gestational diabetes mellitus and
large-for-gestational-age newborns by
lifestyle counseling: a cluster-randomized
controlled trial. PLOS Med 2011 May 17
[Epub] doi: 1371/journal.pmed.1001036
546. Horie I, Kawasaki E, Sakanaka A,
Takashima M, Maeyama M, Ando T,
Hanada H, Kawakami A: Efficacy of
nutrition therapy for glucose intolerance
in Japanese women diagnosed with gestational diabetes based on IADPSG criteria
during early gestation. Diabetes Res Clin
Pract 107:400–406, 2015
547. Schoenaker DA, Mishra GD, Callaway LK,
Soedamah-Muthu SS: The role of energy,
nutrients, foods, and dietary patterns in
the development of gestational diabetes
mellitus: a systematic review of observational studies. Diabetes Care 39:16–23,
2016
548. Koivusalo SB, Rono K, Klemetti MM,
Roine RP, Lindstrom J, Erkkola M, Kaaja
RJ, Poyhonen-Alho M, Tiitinen A, Huvinen
E, Andersson S, Laivuori H, Valkama
A, Meinila J, Kautiainen H, Eriksson JG,
Stach-Lempinen B: Gestational diabetes
mellitus can be prevented by lifestyle
intervention: the Finnish Gestational
Diabetes Prevention study (RADIEL): a
randomized controlled trial. Diabetes Care
39:24–30, 2016
549. Gilinsky AS, Kirk AF, Hughes AR, Lindsay
RS: Lifestyle interventions for type 2
diabetes prevention in women with prior
gestational diabetes: a systematic review
and meta-analysis of behavioural, anthropometric and metabolic outcomes. Prev
Med Rep 2:448–461, 2015
550. Guo J, Chen JL, Whittemore R, Whitaker
E: Postpartum lifestyle interventions to
prevent type 2 diabetes among women
with history of gestational diabetes: a
systematic review of randomized clinical
trials. J Womens Health (Larchmt) 25:38–
49, 2016
551. Tobias DK, Hu FB, Chavarro J, Rosner B,
Mozaffarian D, Zhang C: Healthful dietary
patterns and type 2 diabetes mellitus risk
among women with a history of gestational diabetes mellitus. Arch Int Med
172:1566–1572, 2012
552. Bao W, Li S, Chavarro JE, Tobias DK,
Zhu Y, Hu FB, Zhang C: Low carbohydrate-diet scores and long-term risk of
type 2 diabetes among women with a
history of gestational diabetes mellitus: a
prospective cohort study. Diabetes Care
39:43–49, 2016
553. Bao W, Chavarro JE, Tobias DK, Bowers
K, Li S, Hu FB, Zhang C: Long-term risk
of type 2 diabetes in relation to habitual
iron intake in women with a history of

Preexisting Diabetes and Pregnancy
gestational diabetes: a prospective cohort
study. Am J Clin Nutr 103:375–381, 2016
554. Ferrara A, Hedderson MM, Brown SD,
Albright CL, Ehrlich SF, Tsai AL, Caan
BJ, Sternfeld B, Gordon NP, Schmittdiel
JA, Gunderson EP, Mevi AA, Herman
WH, Ching J, Crites Y, Quesenberry CP,
Jr.: The comparative effectiveness of
diabetes prevention strategies to reduce
postpartum weight retention in women
with gestational diabetes mellitus: the
Gestational Diabetes’ Effects on Moms
(GEM) cluster randomized controlled trial.
Diabetes Care 39:65–74, 2016
555. Shyam S, Arshad F, Abdul Ghani R,
Wahab NA, Safii NS, Nisak MY, Chinna
K, Kamaruddin NA: Low glycaemic index
diets improve glucose tolerance and body
weight in women with a previous history
of gestational diabetes: a six months
randomized trial. Nutr J 12:68, 2013
556. Sullivan SD, Jablonski KA, Florez JC,
Dabelea D, Franks PW, Dagogo-Jack
S, Kim C, Knowler WC, Christophi CA,
Ratner R; Diabetes Prevention Program
Research Group: Genetic risk of progression to type 2 diabetes and response to
intensive lifestyle or metformin in prediabetic women with and without a history
of gestational diabetes mellitus. Diabetes
Care 37:909–911, 2014
557. Peacock AS, Bogossian FE, Wilkinson
SA, Gibbons KS, Kim C, McIntyre HD:
A randomized controlled trial to delay
or prevent type 2 diabetes after gestational diabetes: Walking for Exercise and
Nutrition to Prevent Diabetes for You. Int
J Endocrinol 2015 May 18 [Epub] doi:
10.1155/2015/423717
558. Kew S, Ye C, Hanley AJ, Connelly PW,
Sermer M, Zinman B, Retnakaran R:
Cardiometabolic implications of postpartum weight changes in the first year
after delivery. Diabetes Care 37:1998–
2006, 2014
559. Schwarz EB, Ray RM, Stuebe AM, Allison
MA, Ness RB, Freiberg MS, Cauley JA:
Duration of lactation and risk factors for
maternal cardiovascular disease. Obstet
Gynecol 113:974–982, 2009
560. Schwarz EB, Brown JS, Creasman JM,
Stuebe A, McClure CK, Van Den Eeden
SK, Thom D: Lactation and maternal risk
for type 2 diabetes: a population-based
study. Am J Med 123:863.e1–863.e6,
2010
561. Ziegler AG, Wallner M, Kaiser I, Rossbauer
M, Harsunen MH, Lachmann L, Maier J,
Winkler C, Hummel S: Long-term protective effect of lactation on the development
of type 2 diabetes in women with recent
gestational diabetes mellitus. Diabetes
61:3167–3171, 2012

562. Gunderson EP, Hedderson MM, Chiang
V, Crites Y, Walton D, Azevedo RA, Fox G,
Elmasian C, Young S, Salvador N, Lum
M, Quesenberry CP, Lo JC, Sternfeld B,
Ferrara A, Selby JV: Lactation intensity
and postpartum maternal glucose tolerance and insulin resistance in women with
recent GDM: the SWIFT cohort. Diabetes
Care 35:50–56, 2012
563. Gunderson EP, Kim C, Quesenberry CP,
Jr., Marcovina S, Walton D, Azevedo RA,
Fox G, Elmasian C, Young S, Salvador N,
Lum M, Crites Y, Lo JC, Ning X, Dewey
KG: Lactation intensity and fasting plasma
lipids, lipoproteins, non-esterified free
fatty acids, leptin and adiponectin in
postpartum women with recent gestational diabetes mellitus: the SWIFT cohort.
Metabolism 63:941–950, 2014
564. Gunderson EP, Hurston SR, Dewey KG,
Faith MS, Charvat-Aguilar N, Khoury VC,
Nguyen VT, Quesenberry CP, Jr.: The
study of women, infant feeding and type
2 diabetes after GDM pregnancy and
growth of their offspring (SWIFT Offspring
study): prospective design, methodology
and baseline characteristics. BMC
Pregnancy Childbirth 15:150, 2015
565. Gunderson EP, Hurston SR, Ning X,
Lo JC, Crites Y, Walton D, Dewey KG,
Azevedo RA, Young S, Fox G, Elmasian
CC, Salvador N, Lum M, Sternfeld B,
Quesenberry CP, Jr.; Study of Women,
Infant Feeding and Type 2 Diabetes After
GDM Pregnancy Investigators: Lactation
and progression to type 2 diabetes
mellitus after gestational diabetes
mellitus: a prospective cohort study. Ann
Intern Med 163:889–898, 2015
566. Pedersen J: Weight and length at birth
in infants of diabetic mothers. Acta
Endocrinol (Copenh) 16:330–342, 1954
567. Pedersen J, Osler M: Hyperglycemia as
the cause of characteristic features of the
foetus and newborn of diabetic mothers.
Dan Med Bull 8:78–83, 1961
568. Sosenko IR, Kitzmiller JL, Loo SW, Blix
P, Rubenstein AH, Gabbay KH: The
infant of the diabetic mother: correlation
of increased cord C-peptide levels with
macrosomia and hypoglycemia. N Engl J
Med 301:859–862, 1979
569. Silverman BL, Metzger BE, Cho NH,
Loeb CA: Impaired glucose tolerance in
adolescent offspring of diabetic mothers.
Relationship to fetal hyperinsulinism.
Diabetes Care 18:611–617, 1995
570. Knopp RH, Bergelin RO, Wahl PW, Walden
CE: Relationships of infant birth size to
maternal lipoproteins, apoproteins, fuels,
hormones, clinical chemistries, and body
weight at 36 weeks gestation. Diabetes
34(Suppl 2):71–77, 1985

571. Gautier JF, Porcher R, Abi Khalil C, BelliliMunoz N, Fetita LS, Travert F, Choukem
SP, Riveline JP, Hadjadj S, Larger E,
Boudou P, Blondeau B, Roussel R, Ferre
P, Ravussin E, Rouzet F, Marre M: Kidney
dysfunction in adult offspring exposed in
utero to type 1 diabetes is associated with
alterations in genome-wide DNA methylation. PLOS ONE 2015 Aug 10 [Epub] doi:
10.1371/journal.pone.0134654
572. Dahlquist G, Bennich SS, Kallen B:
Intrauterine growth pattern and risk of
childhood onset insulin dependent (type I)
diabetes: a population based case-control
study. BMJ 313:1174–1177, 1996
573. Dahlquist GG, Pundziute-Lycka A,
Nystrom L; Swedish Childhood Diabetes
Study Group; Diabetes Incidence Study
in Sweden (DISS) Group: Birthweight and
risk of type 1 diabetes in children and
young adults: a population-based register
study. Diabetologia 48:1114–1117, 2005
574. Lane RH: Fetal programming, epigenetics,
and adult onset disease. Clin Perinatol
41:815–831, 2014
575. El Hajj N, Schneider E, Lehnen H, Haaf T:
Epigenetics and life-long consequences
of an adverse nutritional and diabetic
intrauterine environment. Reproduction
148:R111–R120, 2014
576. Vaag A, Brons C, Gillberg L, Hansen NS,
Hjort L, Arora GP, Thomas N, Broholm
C, Ribel-Madsen R, Grunnet LG: Genetic,
nongenetic and epigenetic risk determinants in developmental programming
of type 2 diabetes. Acta Obstet Gynecol
Scand 93:1099–1108, 2014
577. Nielsen JH, Haase TN, Jaksch C, Nalla
A, Sostrup B, Nalla AA, Larsen L,
Rasmussen M, Dalgaard LT, Gaarn LW,
Thams P, Kofod H, Billestrup N: Impact of
fetal and neonatal environment on beta
cell function and development of diabetes.
Acta Obstet Gynecol Scand 93:1109–
1122, 2014
578. Desai M, Jellyman JK, Ross MG:
Epigenomics, gestational programming
and risk of metabolic syndrome. Int J
Obes (Lond) 39:633–641, 2015
579. Tarrade A, Panchenko P, Junien C, Gabory
A: Placental contribution to nutritional
programming of health and diseases:
epigenetics and sexual dimorphism. J Exp
Biol 218:50–58, 2015
580. Lammi N, Blomstedt PA, Moltchanova
E, Eriksson JG, Tuomilehto J, Karvonen
M: Perinatal risk factors in young adultonset type 1 and type 2 diabetes—a
population-based case-control study. Acta
Obstet Gynecol Scand 88:468–474, 2009
581. Wadsworth M, Butterworth S, Marmot M,
Ecob R, Hardy R: Early growth and type 2
diabetes: evidence from the 1946 British

5–95

DIABETES IN AMERICA, 3rd Edition

birth cohort. Diabetologia 48:2505–2510,
2005
582. Eriksson JG, Forsen TJ, Osmond C, Barker
DJ: Pathways of infant and childhood
growth that lead to type 2 diabetes.
Diabetes Care 26:3006–3010, 2003
583. Eriksson JG, Forsen T, Tuomilehto J,
Osmond C, Barker DJ: Early adiposity
rebound in childhood and risk of type
2 diabetes in adult life. Diabetologia
46:190–194, 2003
584. Lammi N, Moltchanova E, Blomstedt PA,
Tuomilehto J, Eriksson JG, Karvonen M:
Childhood BMI trajectories and the risk
of developing young adult-onset diabetes.
Diabetologia 52:408–414, 2009
585. Pettitt DJ, Knowler WC: Long-term
effects of the intrauterine environment,
birth weight, and breast-feeding in Pima
Indians. Diabetes Care 21(Suppl 2):B138–
B141, 1998
586. Dabelea D, Hanson RL, Lindsay RS,
Pettitt DJ, Imperatore G, Gabir MM,
Roumain J, Bennett PH, Knowler WC:
Intrauterine exposure to diabetes conveys
risks for type 2 diabetes and obesity: a
study of discordant sibships. Diabetes
49:2208–2211, 2000
587. Dabelea D, Mayer-Davis EJ, Lamichhane
AP, D’Agostino RB, Jr., Liese AD, Vehik
KS, Narayan KM, Zeitler P, Hamman
RF: Association of intrauterine exposure
to maternal diabetes and obesity with
type 2 diabetes in youth: the SEARCH
Case-Control study. Diabetes Care
31:1422–1426, 2008
588. Pettitt DJ, Lawrence JM, Beyer J, Hillier
TA, Liese AD, Mayer-Davis B, Loots B,
Imperatore G, Liu L, Dolan LM, Linder B,
Dabelea D: Association between maternal
diabetes in utero and age at offspring’s
diagnosis of type 2 diabetes. Diabetes
Care 31:2126–2130, 2008
589. Meigs JB, Cupples LA, Wilson PW:
Parental transmission of type 2 diabetes:
the Framingham Offspring study.
Diabetes 49:2201–2207, 2000
590. Boney CM, Verma A, Tucker R, Vohr
BR: Metabolic syndrome in childhood:
association with birth weight, maternal
obesity, and gestational diabetes mellitus.
Pediatrics 115:e290–e296, 2005
591. Baptiste-Roberts K, Nicholson WK, Wang
NY, Brancati FL: Gestational diabetes and
subsequent growth patterns of offspring:
the National Collaborative Perinatal
Project. Matern Child Health J 16:125–
132, 2012
592. Hillier TA, Pedula KL, Schmidt MM, Mullen
JA, Charles MA, Pettitt DJ: Childhood
obesity and metabolic imprinting:
the ongoing effects of maternal

5–96

hyperglycemia. Diabetes Care 30:2287–
2292, 2007
593. Clausen TD, Mathiesen ER, Hansen
T, Pedersen O, Jensen DM, Lauenborg
J, Damm P: High prevalence of type
2 diabetes and pre-diabetes in adult
offspring of women with gestational
diabetes mellitus or type 1 diabetes:
the role of intrauterine hyperglycemia.
Diabetes Care 31:340–346, 2008
594. Clausen TD, Mathiesen ER, Hansen T,
Pedersen O, Jensen DM, Lauenborg J,
Schmidt L, Damm P: Overweight and the
metabolic syndrome in adult offspring
of women with diet-treated gestational
diabetes mellitus or type 1 diabetes. J Clin
Endocrinol Metab 94:2464–2470, 2009
595. Heinig MJ, Dewey KG: Health advantages
of breast feeding for infants: a critical
review. Nutr Res Rev 10:35–56, 1997
596. American Academy of Pediatrics, Section
on Breastfeeding: Breastfeeding and the
use of human milk. Pediatrics 129:e827–
e841, 2012
597. Hewitt V, Watts R, Robertson J, Haddow
G: Nursing and midwifery management of
hypoglycaemia in healthy term neonates.
Int J Evid Based Healthc 3:169–205,
2005
598. Bertini G, Dani C, Tronchin M, Rubaltelli
FF: Is breastfeeding really favoring early
neonatal jaundice? Pediatrics 107:E41,
2001
599. Bartick MC, Stuebe AM, Schwarz EB,
Luongo C, Reinhold AG, Foster EM: Cost
analysis of maternal disease associated
with suboptimal breastfeeding. Obstet
Gynecol 122:111–119, 2013
600. Rollins NC, Bhandari N, Hajeebhoy N,
Horton S, Lutter CK, Martines JC, Piwoz
EG, Richter LM, Victora CG; Lancet
Breastfeeding Series Group: Why invest,
and what will it take to improve breastfeeding practices? Lancet 387:491–504,
2016
601. Perez-Escamilla R, Martinez JL, SeguraPerez S: Impact of the Baby-Friendly
Hospital Initiative on breastfeeding and
child health outcomes: a systematic
review. Matern Child Nutr 12:402–417,
2016
602. Feig DS, Lipscombe LL, Tomlinson G,
Blumer I: Breastfeeding predicts the risk
of childhood obesity in a multi-ethnic
cohort of women with diabetes. J Matern
Fetal Neonatal Med 24:511–515, 2011
603. Yin J, Quinn S, Dwyer T, Ponsonby AL,
Jones G: Maternal diet, breastfeeding
and adolescent body composition: a
16-year prospective study. Eur J Clin Nutr
66:1329–1334, 2012
604. Abarin T, Yan Wu Y, Warrington N, Lye
S, Pennell C, Briollais L: The impact of

breastfeeding on FTO-related BMI growth
trajectories: an application to the Raine
pregnancy cohort study. Int J Epidemiol
41:1650–1660, 2012
605. Rzehak P, Oddy WH, Mearin ML, Grote
V, Mori TA, Szajewska H, Shamir R,
Koletzko S, Weber M, Beilin LJ, Huang RC,
Koletzko B; WP10 Working Group of the
Early Nutrition Project: Infant feeding and
growth trajectory pattern in childhood
and body composition in young adulthood.
Am J Clin Nutr 106:568–580, 2017
606. Gale C, Logan KM, Santhakumaran S,
Parkinson JR, Hyde MJ, Modi N: Effect
of breastfeeding compared with formula
feeding on infant body composition: a
systematic review and meta-analysis. Am
J Clin Nutr 95:656–669, 2012
607. Crume TL, Bahr TM, Mayer-Davis EJ,
Hamman RF, Scherzinger AL, Stamm E,
Dabelea D: Selective protection against
extremes in childhood body size, abdominal fat deposition, and fat patterning in
breastfed children. Arch Pediatr Adolesc
Med 166:437–443, 2012
608. Mei H, Guo B, Yin B, Liang X, Adair L,
Thompson A, Zhang J: Interactive effects
of early exclusive breastfeeding and
pre-pregnancy maternal weight status on
young children’s BMI—a Chinese birth
cohort. PLOS ONE 2015 Dec 7 [Epub] doi:
10.1371/journal.pone.0144357
609. Frederiksen B, Kroehl M, Lamb MM,
Seifert J, Barriga K, Eisenbarth GS,
Rewers M, Norris JM: Infant exposures
and development of type 1 diabetes
mellitus: the Diabetes Autoimmunity
Study in the Young (DAISY). JAMA Pediatr
167:808–815, 2013
610. Andren Aronsson C, Uusitalo U, Vehik K,
Yang J, Silvis K, Hummel S, Virtanen SM,
Norris JM; TEDDY Study Group: Age at
first introduction to complementary foods
is associated with sociodemographic
factors in children with increased genetic
risk of developing type 1 diabetes. Matern
Child Nutr 11:803–814, 2015
611. Lund-Blix NA, Stene LC, Rasmussen T,
Torjesen PA, Andersen LF, Ronningen KS:
Infant feeding in relation to islet autoimmunity and type 1 diabetes in genetically
susceptible children: the MIDIA Study.
Diabetes Care 38:257–263, 2015
612. Lamb MM, Miller M, Seifert JA,
Frederiksen B, Kroehl M, Rewers M,
Norris JM: The effect of childhood cow’s
milk intake and HLA-DR genotype on risk
of islet autoimmunity and type 1 diabetes:
the Diabetes Autoimmunity Study in the
Young. Pediatr Diabetes 16:31–38, 2015
613. Hall K, Frederiksen B, Rewers M, Norris
JM: Daycare attendance, breastfeeding,
and the development of type 1 diabetes:

Preexisting Diabetes and Pregnancy
the Diabetes Autoimmunity Study in
the Young. Biomed Res Int 2015 Mar 25
[Epub] doi: 10.1155/2015/203947
614. Nucci AM, Virtanen SM, Becker DJ: Infant
feeding and timing of complementary
foods in the development of type 1
diabetes. Curr Diab Rep 15:62, 2015
615. Xiao L, Van’t Land B, van de Worp
WRPH, Stahl B, Folkerts G, Garssen
J: Early-life nutritional factors and
mucosal immunity in the development
of autoimmune diabetes. Front Immunol
8:1219, Sep 2017 [Epub] doi: 10.3389/
fimmu.2017.01219
616. Soderborg TK, Borengasser SJ, Barbour
LA, Friedman JE: Microbial transmission
for mothers with obesity or diabetes
to infants: an innovative opportunity to
interrupt a vicious cycle. Diabetologia
59:895–906, 2016
617. Plagemann A, Harder T, Franke K,
Kohlhoff R: Long-term impact of neonatal
breast-feeding on body weight and
glucose tolerance in children of diabetic
mothers. Diabetes Care 25:16–22, 2002
618. Rodekamp E, Harder T, Kohlhoff R,
Franke K, Dudenhausen JW, Plagemann
A: Long-term impact of breast-feeding
on body weight and glucose tolerance in
children of diabetic mothers: role of the
late neonatal period and early infancy.
Diabetes Care 28:1457–1462, 2005
619. Kerssen A, Evers IM, de Valk HW, Visser
GH: Effect of breast milk of diabetic
mothers on bodyweight of the offspring
in the first year of life. Eur J Clin Nutr
58:1429–1431, 2004
620. Hummel S, Pfluger M, Kreichauf S,
Hummel M, Ziegler AG: Predictors of
overweight during childhood in offspring
of parents with type 1 diabetes. Diabetes
Care 32:921–925, 2009
621. Mayer-Davis EJ, Rifas-Shiman SL, Zhou L,
Hu FB, Colditz GA, Gillman MW: Breastfeeding and risk for childhood obesity:
does maternal diabetes or obesity status
matter? Diabetes Care 29:2231–2237,
2006
622. Crume TL, Ogden LG, Mayer-Davis EJ,
Hamman RF, Norris JM, Bischoff KJ,
McDuffie R, Dabelea D: The impact of
neonatal breast-feeding on growth trajectories of youth exposed and unexposed to
diabetes in utero: the EPOCH study. Int J
Obes (London) 36:529–534, 2012
623. Crume TL, Ogden L, Maligie M, Sheffield
S, Bischoff KJ, McDuffie R, Daniels S,
Hamman RF, Norris JM, Dabelea D: Longterm impact of neonatal breastfeeding on
childhood adiposity and fat distribution
among children exposed to diabetes in
utero. Diabetes Care 34:641–645, 2011

624. Plagemann A, Harder T, Rodekamp E,
Kohlhoff R: Rapid neonatal weight gain
increases risk of childhood overweight in
offspring of diabetic mothers. J Perinat
Med 40:557–563, 2012
625. Feldman-Winter L, Burnham L, Grossman
X, Matlak S, Chen N, Merewood A: Weight
gain in the first week of life predicts overweight at 2 years: a prospective cohort
study. Matern Child Nutr 14:e12472, 2018
Jan [Epub] doi: 10.1111/mcn.12472
626. Stettler N, Stallings VA, Troxel AB, Zhao J,
Schinnar R, Nelson SE, Ziegler EE, Strom
BL: Weight gain in the first week of life
and overweight in adulthood: a cohort
study of European American subjects
fed infant formula. Circulation 111:1897–
1903, 2005
627. Druet C, Stettler N, Sharp S, Simmons
RK, Cooper C, Smith GD, Ekelund U,
Levy-Marchal C, Jarvelin MR, Kuh D, Ong
KK: Prediction of childhood obesity by
infancy weight gain: an individual-level
meta-analysis. Paediatr Perinat Epidemiol
26:19–26, 2012
628. Weng SF, Redsell SA, Nathan D, Swift JA,
Yang M, Glazebrook C: Estimating overweight risk in childhood from predictors
during infancy. Pediatrics 132:e414–e421,
2013
629. Chen LW, Aris IM, Bernard JY, Tint MT,
Colega M, Gluckman PD, Tan KH, Shek
LP, Chong YS, Yap F, Godfrey KM, van
Dam RM, Chong MF, Lee YS: Associations
of maternal macronutrient intake during
pregnancy with infant BMI peak characteristics and childhood BMI. Am J Clin
Nutr 105:705–713, 2017
630. Salahuddin M, Perez A, Ranjit N,
Hoelscher DM, Kelder SH: The associations of large-for-gestational-age and
infant feeding practices with children’s
body mass index z-score trajectories: the
Early Childhood Longitudinal Study, Birth
Cohort. Clin Obes 7:307–315, 2017
631. Betoko A, Lioret S, Heude B, Hankard R,
Carles S, Forhan A, Regnault N, Botton
J, Charles MA, de Lauzon-Guillain B;
EDEN Mother-Child Cohort Study Group:
Influence of infant feeding patterns over
the first year of life on growth from birth
to 5 years. Pediatr Obes 12(Suppl 1):94–
101, 2017
632. Pettitt DJ, Forman MR, Hanson RL,
Knowler WC, Bennett PH: Breastfeeding
and incidence of non-insulin-dependent
diabetes mellitus in Pima Indians. Lancet
350:166–168, 1997
633. Young TK, Martens PJ, Taback SP, Sellers
EA, Dean HJ, Cheang M, Flett B: Type 2
diabetes mellitus in children: prenatal and
early infancy risk factors among Native

Canadians. Arch Pediatr Adolesc Med
156:651–655, 2002
634. Owen CG, Martin RM, Whincup PH,
Smith GD, Cook DG: Does breastfeeding
influence risk of type 2 diabetes in later
life? A quantitative analysis of published
evidence. Am J Clin Nutr 84:1043–1054,
2006
635. Mayer-Davis EJ, Dabelea D, Lamichhane
AP, D’Agostino RB, Jr., Liese AD, Thomas
J, McKeown RE, Hamman RF: Breastfeeding and type 2 diabetes in the youth
of three ethnic groups: the SEARCH for
Diabetes in Youth Case-Control study.
Diabetes Care 31:470–475, 2008
636. Finkelstein SA, Keely E, Feig DS, Tu
X, Yasseen AS, 3rd, Walker M:
Breastfeeding in women with diabetes:
lower rates despite greater rewards. A
population-based study. Diabet Med
30:1094–1101, 2013
637. Hummel S, Vehik K, Uusitalo U, McLeod
W, Aronsson CA, Frank N, Gesualdo P,
Yang J, Norris JM, Virtanen SM; TEDDY
Study Group: Infant feeding patterns
in families with a diabetes history—
observations from The Environmental
Determinants of Diabetes in the Young
(TEDDY) birth cohort study. Public Health
Nutr 17:2853–2862, 2014
638. Kachoria R, Oza-Frank R: Factors associated with breastfeeding at discharge
by maternal diabetes type. Diabet Med
31:1222–1229, 2014
639. Oza-Frank R, Chertok I, Bartley A:
Differences in breast-feeding initiation
and continuation by maternal diabetes
status. Public Health Nutr 18:727–735,
2015
640. Herskin CW, Stage E, Barfred C,
Emmersen P, Ladefoged Nichum V,
Damm P, Mathiesen ER: Low prevalence
of long-term breastfeeding among women
with type 2 diabetes. J Matern Fetal
Neonatal Med 29:2513–2518, 2016
641. Sparud-Lundin C, Wennergren M, Elfvin
A, Berg M: Breastfeeding in women with
type 1 diabetes: exploration of predictive
factors. Diabetes Care 34:296–301, 2011
642. Sparud-Lundin C, Berg M: Extraordinarily
exposed in early motherhood—a
qualitative study exploring experiences
of mothers with type 1 diabetes. BMC
Womens Health 11:10, 2011
643. Berg M, Erlandsson LK, Sparud-Lundin C:
Breastfeeding and its impact on daily life
in women with type 1 diabetes during the
first six months after childbirth: a prospective cohort study. Int Breastfeed J 7:20,
2012
644. Erkkola M, Salmenhaara M, Nwaru
BI, Uusitalo L, Kronberg-Kippila C,
Ahonen S, Veijola R, Knip M, Virtanen

5–97

DIABETES IN AMERICA, 3rd Edition

SM: Sociodemographic determinants
of early weaning: a Finnish birth cohort
study in infants with human leucocyte
antigen-conferred susceptibility to type 1
diabetes. Public Health Nutr 16:296–304,
2013
645. Rasmussen B, Skouteris H, Berg M, Nagle
C, Morris H, Nankervis A, Sparud-Lundin
C: Breastfeeding practices in women
with type 1 diabetes: a discussion of
the psychosocial factors and policies
in Sweden and Australia. Women Birth
28:71–75, 2015
646. Stage E, Norgard H, Damm P, Mathiesen
E: Long-term breast-feeding in women
with type 1 diabetes. Diabetes Care
29:771–774, 2006
647. Knip M, Akerblom HK, Becker D, Dosch
HM, Dupre J, Fraser W, Howard N, Ilonen
J, Krischer JP, Kordonouri O, Lawson ML,
Palmer JP, Savilahti E, Vaarala O, Virtanen
SM; TRIGR Study Group: Hydrolyzed
infant formula and early β-cell autoimmunity: a randomized clinical trial. JAMA
311:2279–2287, 2014
648. Adolfsson A, Linden K, Sparud-Lundin
C, Larsson PG, Berg M: A web-based
support for pregnant women and new
mothers with type 1 diabetes mellitus in
Sweden (MODIAB-Web): study protocol
for a randomized controlled trial. Trials
15:513, 2014
649. Pettitt DJ, McKenna S, McLaughlin C,
Patterson CC, Hadden DR, McCance DR:
Maternal glucose at 28 weeks of gestation
is not associated with obesity in 2-year-old
offspring: the Belfast Hyperglycemia and
Adverse Pregnancy Outcome (HAPO)
family study. Diabetes Care 33:1219–
1223, 2010
650. Deierlein AL, Siega-Riz AM, Chantala K,
Herring AH: The association between
maternal glucose concentration and
child BMI at age 3 years. Diabetes Care
34:480–484, 2011
651. Thaware PK, McKenna S, Patterson CC,
Hadden DR, Pettitt DJ, McCance DR:
Untreated mild hyperglycemia during
pregnancy and anthropometric measures
of obesity in offspring at age 5–7 years.
Diabetes Care 38:1701–1706, 2015
652. Aris IM, Soh SE, Tint MT, Saw SM,
Rajadurai VS, Godfrey KM, Gluckman PD,
Yap F, Chong YS, Lee YS: Associations of
gestational glycemia and prepregnancy
adiposity with offspring growth and
adiposity in an Asian population. Am J
Clin Nutr 102:1104–1112, 2015
653. Gillman MW, Rifas-Shiman S, Berkey CS,
Field AE, Colditz GA: Maternal gestational
diabetes, birth weight, and adolescent
obesity. Pediatrics 111:e221–e226, 2003

5–98

654. Catalano PM, Thomas A, Huston-Presley
L, Amini SB: Increased fetal adiposity:
a very sensitive marker of abnormal in
utero development. Am J Obstet Gynecol
189:1698–1704, 2003
655. Durnwald C, Huston-Presley L, Amini S,
Catalano P: Evaluation of body composition of large-for-gestational-age infants of
women with gestational diabetes mellitus
compared with women with normal
glucose tolerance levels. Am J Obstet
Gynecol 191:804–808, 2004
656. Krishnaveni GV, Hill JC, Leary SD, Veena
SR, Saperia J, Saroja A, Karat SC, Fall CH:
Anthropometry, glucose tolerance, and
insulin concentrations in Indian children:
relationships to maternal glucose and
insulin concentrations during pregnancy.
Diabetes Care 28:2919–2925, 2005
657. Lawlor DA, Fraser A, Lindsay RS, Ness
A, Dabelea D, Catalano P, Davey Smith
G, Sattar N, Nelson SM: Association of
existing diabetes, gestational diabetes
and glycosuria in pregnancy with macrosomia and offspring body mass index,
waist and fat mass in later childhood:
findings from a prospective pregnancy
cohort. Diabetologia 53:89–97, 2010
658. Kim SY, England JL, Sharma JA, Njoroge
T: Gestational diabetes mellitus and risk
of childhood overweight and obesity
in offspring: a systematic review. Exp
Diabetes Res 2011 Sep 11 [Epub] doi:
10.1155/2011/541308
659. Crume TL, Ogden L, Daniels S, Hamman
RF, Norris JM, Dabelea D: The impact of in
utero exposure to diabetes on childhood
body mass index growth trajectories: the
EPOCH study. J Pediatr 158:941–946,
2011
660. Crume TL, Ogden L, West NA, Vehik
KS, Scherzinger A, Daniels S, McDuffie
R, Bischoff K, Hamman RF, Norris JM,
Dabelea D: Association of exposure to
diabetes in utero with adiposity and fat
distribution in a multiethnic population of
youth: the Exploring Perinatal Outcomes
among Children (EPOCH) study.
Diabetologia 54:87–92, 2011
661. Nehring I, Chmitorz A, Reulen H, von
Kries R, Ensenauer R: Gestational
diabetes predicts the risk of childhood
overweight and abdominal circumference
independent of maternal obesity. Diabet
Med 30:1449–1456, 2013
662. Zhang S, Liu H, Zhang C, Wang L, Li
N, Leng J, Li Y, Liu G, Fan X, Yu Z, Yang
X, Baccarelli AA, Hou L, Hu G: Maternal
glucose during pregnancy and after
delivery in women with gestational
diabetes mellitus on overweight status of
their children. Biomed Res Int 2015 Feb
23 [Epub] doi: 10.1155/2015/543038

663. Zhu Y, Olsen SF, Mendola P, Yeung EH,
Vaag A, Bowers K, Liu A, Bao W, Li S,
Madsen C, Grunnet LG, Granstrom C,
Hansen S, Martin K, Chavarro JE, Hu
FB, Langhoff-Roos J, Damm P, Zhang
C: Growth and obesity through the first
7 y of life in association with levels of
maternal glycemia during pregnancy: a
prospective cohort study. Am J Clin Nutr
103:794–800, 2016
664. Okubo H, Crozier SR, Harvey NC, Godfrey
KM, Inskip HM, Cooper C, Robinson
SM: Maternal dietary glycemic index and
glycemic load in early pregnancy are
associated with offspring adiposity in
childhood: the Southampton Women’s
Survey. Am J Clin Nutr 100:676–683,
2014
665. Catalano P, deMouzon SH: Maternal
obesity and metabolic risk to the
offspring: why lifestyle interventions may
not have achieved the desired outcomes.
Int J Obes (Lond) 39:642–649, 2015
666. Patel S, Fraser A, Davey Smith G, Lindsay
RS, Sattar N, Nelson SM, Lawlor DA:
Associations of gestational diabetes,
existing diabetes, and glycosuria with
offspring obesity and cardiometabolic
outcomes. Diabetes Care 35:63–71, 2012
667. Dello Russo M, Ahrens W, De Vriendt T,
Marild S, Molnar D, Moreno LA, Reeske
A, Veidebaum T, Kourides YA, Barba G,
Siani A; IDEFICS Consortium: Gestational
weight gain and adiposity, fat distribution,
metabolic profile, and blood pressure in
offspring: the IDEFICS project. Int J Obes
(Lond) 37:914–919, 2013
668. Kaar JL, Crume T, Brinton JT, Bischoff KJ,
McDuffie R, Dabelea D: Maternal obesity,
gestational weight gain, and offspring
adiposity: the Exploring Perinatal
Outcomes among Children study. J
Pediatr 165:509–515, 2014
669. Leng J, Li W, Zhang S, Liu H, Wang L, Liu
N, Li N, Redman LM, Baccarelli AA, Hou L,
Hu G: GDM women’s pre-pregnancy overweight/obesity and gestational weight
gain on offspring overweight status. PLOS
ONE 2015 Jun 22 [Epub] doi: 10.1371/
journal.pone.0129536
670. Lingwood BE, Henry AM, d’Emden MC,
Fullerton AM, Mortimer RH, Colditz PB,
Le Cao KA, Callaway LK: Determinants of
body fat in infants of women with gestational diabetes mellitus differ with fetal
sex. Diabetes Care 34:2581–2585, 2011
671. Regnault N, Botton J, Heude B, Forhan
A, Hankard R, Foliguet B, Hillier TA,
Souberbielle JC, Dargent-Molina P,
Charles MA; EDEN Mother-Child Cohort
Study Group: Higher cord C-peptide
concentrations are associated with slower
growth rate in the 1st year of life in girls

Preexisting Diabetes and Pregnancy
but not in boys. Diabetes 60:2152–2159,
2011
672. Regnault N, Gillman MW, Rifas-Shiman SL,
Eggleston E, Oken E: Sex-specific associations of gestational glucose tolerance with
childhood body composition. Diabetes
Care 36:3045–3053, 2013
673. Sparano S, Ahrens W, De Henauw S,
Marild S, Molnar D, Moreno LA, Suling
M, Tornaritis M, Veidebaum T, Siani A,
Russo P: Being macrosomic at birth is an
independent predictor of overweight in
children: results from the IDEFICS study.
Matern Child Health J 17:1373–1381,
2013
674. Kubo A, Ferrara A, Windham GC,
Greenspan LC, Deardorff J, Hiatt RA,
Quesenberry CP, Jr., Laurent C, Mirabedi
AS, Kushi LH: Maternal hyperglycemia
during pregnancy predicts adiposity of the
offspring. Diabetes Care 37:2996–3002,
2014
675. Murphy H, Finer S: Gestational diabetes
and the offspring—Jack and Jill are
different still. Diabetes Care 38:345–346,
2015
676. Malcolm JC, Lawson ML, Gaboury I,
Lough G, Keely E: Glucose tolerance
of offspring of mother with gestational
diabetes mellitus in a low-risk population.
Diabet Med 23:565–570, 2006
677. Gillman MW, Oakey H, Baghurst PA,
Volkmer RE, Robinson JS, Crowther CA:
Effect of treatment of gestational diabetes
mellitus on obesity in the next generation.
Diabetes Care 33:964–968, 2010
678. Landon MB, Rice MM, Varner MW, Casey
BM, Reddy UM, Wapner RJ, Rouse
DJ, Biggio JR, Jr., Thorp JM, Chien EK,
Saade G, Peaceman AM, Blackwell
SC, VanDorsten JP; Eunice Kennedy
Shriver National Institute of Child Health
and Human Development MaternalFetal Medicine Units (MFMU) Network:
Mild gestational diabetes mellitus and
long-term child health. Diabetes Care
38:445–452, 2015
679. Aldhous MC, Reynolds RM, Campbell A,
Linksted P, Lindsay RS, Smith BH, Seckl
JR, Porteous DJ, Norman JE; Generation
Scotland: Sex-differences in the metabolic health of offspring of parents with
diabetes: a record-linkage study. PLOS
ONE 2015 Aug 26 [Epub] doi: 10.1371/
journal.pone.0134883
680. Keely EJ, Malcolm JC, Hadjiyannakis
S, Gaboury I, Lough G, Lawson ML:
Prevalence of metabolic markers of
insulin resistance in offspring of gestational diabetes pregnancies. Pediatr
Diabetes 9:53–59, 2008
681. Krishnaveni GV, Veena SR, Hill JC,
Kehoe S, Karat SC, Fall CH: Intrauterine

exposure to maternal diabetes is associated with higher adiposity and insulin
resistance and clustering of cardiovascular risk markers in Indian children.
Diabetes Care 33:402–404, 2010
682. Yeung EH, Robledo C, Boghossian N,
Zhang C, Mendola P: Developmental
origins of cardiovascular disease. Curr
Epidemiol Rep 1:9–16, 2014
683. Gaillard R, Steegers EA, Duijts L, Felix
JF, Hofman A, Franco OH, Jaddoe VW:
Childhood cardiometabolic outcomes
of maternal obesity during pregnancy:
the Generation R study. Hypertension
63:683–691, 2014
684. Lindsay RS, Nelson SM, Walker JD,
Greene SA, Milne G, Sattar N, Pearson
DW: Programming of adiposity in
offspring of mothers with type 1 diabetes
at age 7 years. Diabetes Care 33:1080–
1085, 2010
685. Morgan K, Rahman M, Atkinson M, Zhou
SM, Hill R, Khanom A, Paranjothy S,
Brophy S: Association of diabetes in pregnancy with child weight at birth, age 12
months and 5 years—a population-based
electronic cohort study. PLOS ONE 2013
Nov 13 [Epub] doi: 10.1371/journal.
pone.0079803
686. Vlachova Z, Bytoft B, Knorr S, Clausen
TD, Jensen RB, Mathiesen ER, Hojlund
K, Ovesen P, Beck-Nielsen H, Gravholt
CH, Damm P, Jensen DM: Increased
metabolic risk in adolescent offspring
of mothers with type 1 diabetes: the
EPICOM study. Diabetologia 58:1454–
1463, 2015
687. Manderson JG, Mullan B, Patterson CC,
Hadden DR, Traub AI, McCance DR:
Cardiovascular and metabolic abnormalities in the offspring of diabetic pregnancy.
Diabetologia 45:991–996, 2002
688. Kelstrup L, Damm P, Mathiesen
ER, Hansen T, Vaag AA, Pedersen
O, Clausen TD: Insulin resistance and
impaired pancreatic β-cell function in
adult offspring of women with diabetes
in pregnancy. J Clin Endocrinol Metab
98:3793–3801, 2013
689. Kelstrup L, Clausen TD, Mathiesen ER,
Hansen T, Holst JJ, Damm P: Incretin and
glucagon levels in adult offspring exposed
to maternal diabetes in pregnancy. J Clin
Endocrinol Metab 100:1967–1975, 2015
690. Rijpert M, Evers IM, de Vroede MA, de
Valk HW, Heijnen CJ, Visser GH: Risk
factors for childhood overweight in
offspring of type 1 diabetic women with
adequate glycemic control during pregnancy: nationwide follow-up study in the
Netherlands. Diabetes Care 32:2099–
2104, 2009

691. Rijpert M, Evers IM, de Valk HW, de
Vroede MA, Tersteeg-Kamperman M,
Heijnen CJ, Visser GH: Cardiovascular
and metabolic outcome in 6–8 year old
offspring of women with type 1 diabetes
with near-optimal glycaemic control
during pregnancy. Early Hum Dev 87:49–
54, 2011
692. Knorr S, Stochholm K, Vlachova Z, Bytoft
B, Clausen TD, Jensen RB, Juul S, Ovesen
P, Damm P, Beck-Nielsen H, Jensen DM,
Gravholt CH: Multisystem morbidity and
mortality in offspring of women with
type 1 diabetes (the EPICOM study): a
register-based prospective cohort study.
Diabetes Care 38:821–826, 2015
693. Rizzo T, Metzger BE, Burns WJ, Burns
K: Correlations between antepartum
maternal metabolism and intelligence
of offspring. N Engl J Med 325:911–916,
1991
694. Rizzo TA, Ogata ES, Dooley SL, Metzger
BE, Cho NH: Perinatal complications and
cognitive development in 2- to 5-year-old
children of diabetic mothers. Am J Obstet
Gynecol 171:706–713, 1994
695. Rizzo TA, Dooley SL, Metzger BE, Cho
NH, Ogata ES, Silverman BL: Prenatal
and perinatal influences on long-term
psychomotor development in offspring of
diabetic mothers. Am J Obstet Gynecol
173:1753–1758, 1995
696. Rizzo TA, Silverman BL, Metzger BE, Cho
NH: Behavioral adjustment in children of
diabetic mothers. Acta Paediatr 86:969–
974, 1997
697. Ornoy A, Ratzon N, Greenbaum C, Peretz
E, Soriano D, Dulitzky M: Neurobehaviour
of school age children born to diabetic
mothers. Arch Dis Child Fetal Neonatal Ed
79:F94–F99, 1998
698. Nelson CA, Wewerka S, Thomas
KM, Tribby-Walbridge S, deRegnier R,
Georgieff M: Neurocognitive sequelae
of infants of diabetic mothers. Behav
Neurosci 114:950–956, 2000
699. Ratzon N, Greenbaum C, Dulitzky
M, Ornoy A: Comparison of the motor
development of school-age children born
to mothers with and without diabetes
mellitus. Phys Occup Ther Pediatr 20:43–
57, 2000
700. Ornoy A, Ratzon N, Greenbaum C, Wolf
A, Dulitzky M: School-age children born
to diabetic mothers and to mothers with
gestational diabetes exhibit a high rate
of inattention and fine and gross motor
impairment. J Pediatr Endocrinol Metab
14(Suppl 1):681–689, 2001
701. Ornoy A: Growth and neurodevelopmental
outcome of children born to mothers with
pregestational and gestational diabetes.
Pediatr Endocrinol Rev 3:104–113, 2005

5–99

DIABETES IN AMERICA, 3rd Edition

702. Cordon IM, Georgieff MK, Nelson CA:
Neural correlates of emotion processing
in typically developing children and
children of diabetic mothers. Dev
Neuropsychol 34:683–700, 2009
703. Jabes A, Thomas KM, Langworthy S,
Georgieff MK, Nelson CA: Functional and
anatomic consequences of diabetic pregnancy on memory in ten-year-old children.
J Dev Behav Pediatr 36:529–535, 2015
704. Ghassabian A, Sundaram R, Wylie A, Bell
E, Bello SC, Yeung E: Maternal medical
conditions during pregnancy and gross
motor development up to age 24 months
in the Upstate KIDS study. Dev Med Child
Neurol 58:728–734, 2016
705. Van Batenburg-Eddes T, Henrichs J,
Schenk JJ, Sincer I, de Groot L, Hofman
A, Jaddoe VW, Verhulst FC, Tiemeier H:
Early infant neuromotor assessment is
associated with language and nonverbal
cognitive function in toddlers: the
Generation R study. J Dev Behav Pediatr
34:326–334, 2013
706. Serdarevic F, van Batenburg-Eddes T,
Mous SE, White T, Hofman A, Jaddoe
VW, Verhulst FC, Ghassabian A, Tiemeier
H: Relation of infant motor development
with nonverbal intelligence, language
comprehension and neuropsychological
functioning in childhood: a population-based study. Dev Sci 19:790–802,
2016
707. Van Batenburg-Eddes T, de Groot L,
Arends L, de Vries A, Moll HA, Steegers
EA, Hofman A, Jaddoe VW, Verhulst FC,
Tiemeier H: Does gestational duration
within the normal range predict infant
neuromotor development? Early Hum Dev
84:659–665, 2008
708. Rose O, Blanco E, Martinez SM, Sim EK,
Castillo M, Lozoff B, Vaucher YE, Gahagan
S: Developmental scores at 1 year with
increasing gestational age, 37–41 weeks.
Pediatrics 131:e1475–e1481, 2013
709. Sacker A, Quigley MA, Kelly YJ:
Breastfeeding and developmental delay:
findings from the Millennium Cohort
Study. Pediatrics 118:e682–e689, 2006
710. Temple RC, Hardiman M, Pellegrini M,
Horrocks L, Martinez-Cengotitabengoa
MT: Cognitive function in 6- to 12-year-old
offspring of women with type 1 diabetes.
Diabet Med 28:845–848, 2011
711. Nielsen GL, Dethlefsen C, Sorensen
HT, Pedersen JF, Molsted-Pedersen L:
Cognitive function and army rejection rate
in young adult male offspring of women
with diabetes: a Danish population-based
cohort study. Diabetes Care 30:2827–
2831, 2007
712. Nielsen GL, Andersen E, LundbyeChristensen S: Maternal blood glucose

5–100

in diabetic pregnancies and cognitive
performance in offspring in young adulthood: a Danish cohort study. Diabet Med
27:786–790, 2010
713. Bergvall N, Iliadou A, Tuvemo T,
Cnattingius S: Birth characteristics and
risk of low intellectual performance in
early adulthood: are the associations
confounded by socioeconomic factors in
adolescence or familial effects? Pediatrics
117:714–721, 2006
714. Bergvall N, Iliadou A, Johansson S,
Tuvemo T, Cnattingius S: Risks for low
intellectual performance related to
being born small for gestational age are
modified by gestational age. Pediatrics
117:e460–e467, 2006
715. Clausen TD, Mortensen EL, Schmidt
L, Mathiesen ER, Hansen T, Jensen DM,
Holm S, Poulsen L, From M, Damm P:
Cognitive function in adult offspring of
women with type 1 diabetes. Diabet Med
28:838–844, 2011
716. Dahlquist G, Kallen B: School marks
for Swedish children whose mothers
had diabetes during pregnancy: a
population-based study. Diabetologia
50:1826–1831, 2007
717. Knorr S, Clausen TD, Vlachova Z, Bytoft
B, Damm P, Beck-Nielsen H, Jensen DM,
Juul S, Gravholt CH: Academic achievement in primary school in offspring
born to mothers with type 1 diabetes
(the EPICOM study): a register-based
prospective cohort study. Diabetes Care
38:1238–1244, 2015
718. Fraser A, Nelson SM, Macdonald-Wallis
C, Lawlor DA: Associations of existing
diabetes, gestational diabetes, and
glycosuria with offspring IQ and educational attainment: the Avon Longitudinal
Study of Parents and Children. Exp
Diabetes Res 2012 Aug 13 [Epub] doi:
10.1155/2012/963735
719. Bonilla C, Lawlor DA, Ben-Shlomo Y, Ness
AR, Gunnell D, Ring SM, Smith GD, Lewis
SJ: Maternal and offspring fasting glucose
and type 2 diabetes-associated genetic
variants and cognitive function at age 8:
a Mendelian randomization study in the
Avon Longitudinal Study of Parents and
Children. BMC Med Genet 13:90, 2012
720. Clausen TD, Mortensen EL, Schmidt
L, Mathiesen ER, Hansen T, Jensen DM,
Damm P: Cognitive function in adult
offspring of women with gestational
diabetes—the role of glucose and other
factors. PLOS ONE 2013 Jun 28 [Epub]
doi: 10.1371/journal.pone.0067107
721. Fraser A, Almqvist C, Larsson H,
Langstrom N, Lawlor DA: Maternal
diabetes in pregnancy and offspring
cognitive ability: sibling study with

723,775 men from 579,857 families.
Diabetologia 57:102–109, 2014
722. Monk C, Georgieff MK, Osterholm EA:
Research review: maternal prenatal stress
and poor nutrition—mutually influencing
risk factors affecting infant neurocognitive
development. J Child Psychol Psychiatry
54:115–130, 2013
723. Camprubi Robles M, Campoy C, Garcia
Fernandez L, Lopez-Pedrosa JM, Rueda
R, Martin MJ: Maternal diabetes and
cognitive performance in the offspring:
a systematic review and meta-analysis.
PLOS ONE 2015 Nov 13 [Epub] doi:
10.1371/journal.pone.0142583
724. Siddappa AM, Georgieff MK, Wewerka
S, Worwa C, Nelson CA, Deregnier RA:
Iron deficiency alters auditory recognition
memory in newborn infants of diabetic
mothers. Pediatr Res 55:1034–1041,
2004
725. Riggins T, Miller NC, Bauer PJ, Georgieff
MK, Nelson CA: Consequences of low
neonatal iron status due to maternal
diabetes mellitus on explicit memory
performance in childhood. Dev
Neuropsychol 34:762–779, 2009
726. Gambling L, Kennedy C, McArdle HJ: Iron
and copper in fetal development. Semin
Cell Devel Biol 22:637–644, 2011
727. Congdon EL, Westerlund A, Algarin CR,
Peirano PD, Gregas M, Lozoff B, Nelson
CA: Iron deficiency in infancy is associated with altered neural correlates of
recognition memory at 10 years. J Pediatr
160:1027–1033, 2012
728. McLimore HM, Phillips AK, Blohowiak S,
Pham DQ, Coe CL, Fischer BA, Kling PJ:
Impact of multiple prenatal risk factors on
newborn iron status at delivery. J Pediatr
Hematol Oncol 35:473–477, 2013
729. Berglund SK, Torres-Espinola FJ, GarciaValdes L, Segura MT, Martinez-Zaldivar
C, Padilla C, Rueda R, Perez Garcia M,
McArdle HJ, Campoy C: The impacts
of maternal iron deficiency and being
overweight during pregnancy on neurodevelopment of the offspring. Br J Nutr
118:533–540, 2017
730. Bastian TW, Lassi KC, Anderson GW,
Prohaska JT: Maternal iron supplementation attenuates the impact of perinatal
copper deficiency but does not eliminate
hypotriiodothyroninemia nor impaired
sensorimotor development. J Nutr
Biochem 22:1084–1090, 2011
731. Hami J, Terrin G, Berni Canani R, Di
Chiara M, Pietravalle A, Aleandri V, Conte
F, De Curtis M: Zinc in early life: a key
element in the fetus and preterm neonate.
Nutrients 7:10427–10446, 2015
732. Polanska K, Hanke W, Krol A,
Gromadzinska J, Kuras R, Janasik B,

Preexisting Diabetes and Pregnancy
Wasowicz W, Mirabella F, Chiarotti F,
Calamandrei G: Micronutrients during
pregnancy and child psychomotor development: opposite effects of zinc and
selenium. Environ Res 158:583–589,
2017
733. Van Lieshout RJ, Voruganti LP: Diabetes
mellitus during pregnancy and increased
risk of schizophrenia in offspring: a review
of the evidence and putative mechanisms.
J Psychiatry Neurosci 33:395–404, 2008
734. Krakowiak P, Walker CK, Bremer AA,
Baker AS, Ozonoff S, Hansen RL,
Hertz-Picciotto I: Maternal metabolic
conditions and risk for autism and other
neurodevelopmental disorders. Pediatrics
129:e1121–e1128, 2012
735. Li M, Fallin MD, Riley A, Landa R, Walker
SO, Silverstein M, Caruso D, Pearson C,
Kiang S, Dahm JL, Hong X, Wang G, Wang
MC, Zuckerman B, Wang X: The association of maternal obesity and diabetes with
autism and other developmental disabilities. Pediatrics 137:e20152206, 2016
736. Xiang AH, Wang X, Martinez MP, Walthall
JC, Curry ES, Page K, Buchanan TA,
Coleman KJ, Getahun D: Association of
maternal diabetes with autism in offspring.
JAMA 313:1425–1434, 2015

5–101

DIABETES IN AMERICA, 3rd Edition

APPENDIX 5.1.
This appendix lists selected additional
multicenter and regional/national population-based studies published from January
2016 to July 2017. References are listed in
same order as topics in the text of Chapter
5 Preexisting Diabetes and Pregnancy.
Commentary is provided by the lead
author of the text.
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resource for women with diabetes: a population based study. Prim Care Diabetes 11:37–45,
2017
Diabetic women viewing a preconception
counselling DVD had significantly improved
pregnancy planning indicators. Women with
type 2 diabetes were difficult to reach.
Rubio JA, Ontanon M, Perea V, Megia A; Grupo
Espanol de Diabetes y Embarazo: Health care
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approach using a questionnaire. [Article in
English, Spanish] Endocrinol Nutr 63:113–120,
2016
Responding centers (n=87) accounted for only
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these had preconception clinics.
Nwolise CH, Carey N, Shawe J: Preconception
care education for women with diabetes: a
systematic review of conventional and digital
health interventions. J Med Internet Res
18:e291, 2016, Nov 8 [Epub] doi: 10.2196/
jmir.5615
Searched for quantitative studies of preconception care education published from 2003
to June 2016; reviewed 12 studies. All studies
showed a positive effect on pregnancy
outcomes.
Wotherspoon AC, Young IS, Patterson CC,
McCance DR, Holmes VA: Diabetes and
Preeclampsia Intervention Trial (DAPIT) Study
Group: Effect of pregnancy planning on
maternal and neonatal outcomes in women
with type 1 diabetes. Diabet Med 34:1303–
1308, 2017
Only 64% of 455 type 1 diabetic women
who considered their pregnancy as planned
received actual prepregnancy counselling. Of
747 diabetic women, 39% considered their
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pregnancy unplanned; they had higher A1c
levels throughout pregnancy and their infants
were more likely to be SGA and to be admitted
to the NICU, with a longer stay in hospital.
Egan AM, Galjaard S, Maresh MJ, Loeken
MR, Napoli A, Anastasiou E, Noctor E, de Valk
HW, van Poppel M, Todd M, Smith V, Devane
D, Dunne FP: A core outcome set for studies
evaluating the effectiveness of prepregnancy
care for women with pregestational diabetes.
Diabetologia 60:1190–1196, 2017
European panelists agreed on nine measures
of pregnancy preparation, six neonatal
outcomes, and two maternal outcomes to be
used in future studies of preconception care of
diabetic women.
Frayne DJ, Verbiest S, Chelmow D, Clarke
H, Dunlop A, Hosmer J, Menard MK, Moos
MK, Ramos D, Stuebe A, Zephyrin L: Health
care system measures to advance preconception wellness: consensus recommendations
of the Clinical Workgroup of the National
Preconception Health and Health Care
Initiative. Obstet Gynecol 127:863–872, 2016
Monitoring nine preconception wellness
measures in the United States will establish
benchmarks and allow for comparison within
and among regions, health care systems, and
communities to drive improvements.

PREVALENCE OF DIABETES IN
PREGNANCY
Haghighat N, Hu M, Laurent O, Chung
J, Nguyen P, Wu J: Comparison of birth
certificates and hospital-based birth data on
pregnancy complications in Los Angeles and
Orange County, California. BMC Pregnancy
Childbirth 16:93, 2016 Apr 27 [Epub] doi:
10.1186/s12884-016-0885-0
Diabetes was underreported in birth certificate data (1.97%) compared to a hospital
system perinatal research database (5.56%).
Underreporting was significantly higher among
Hispanic women compared to non-Hispanic
white women and among all women with public
insurance.
Robledo CA, Yeung EH, Mendola P, Sundaram
R, Boghossian NS, Bell EM, Druschel C:
Examining the prevalence rates of preexisting
maternal medical conditions and pregnancy
complications by source: evidence to inform
maternal and child research. Matern Child
Health J 21:852–862, 2017
Ascertained diagnoses of preexisting diabetes
and chronic hypertension according to birth
certificates, maternal self-report 4 months

postpartum, and a mandated New York statewide hospital reporting system for discharge
codes.
Mayer-Davis EJ, Lawrence JM, Dabelea D,
Divers J, Isom S, Dolan L, Imperatore G, Linder
B, Marcovina S, Pettitt DJ, Pihoker C, Saydah S,
Wagenknecht L; SEARCH for Diabetes in Youth
Study: Incidence trends of type 1 and type 2
diabetes among youths, 2002–2012. N Engl J
Med 376:1419–1429, 2017
Ascertained cases of type 1 diabetes (age 0–19
years) and type 2 diabetes (age 10–19 years)
at five study centers in the United States for
the period 2002–2012; denominators (4.9
million youths annually) obtained from the U.S.
Census or health plan member counts; after
adjustment for age, sex, and race or ethnic
group, the relative annual increase in the incidence of type 1 diabetes was 1.8% (21.7 cases
per 100,000 youths per year in 2011–2012)
and 4.8% for type 2 diabetes (12.5 cases per
100,000 youths in 2011–2012).
Coton SJ, Nazareth I, Petersen I: A cohort
study of trends in the prevalence of pregestational diabetes in pregnancy recorded in UK
general practice between 1995 and 2012. BMJ
Open 6:e009494, 2016 Jan 25 [Epub] doi:
10.1136/bmjopen-2015-009494
Prevalence of type 1 diabetes in pregnancy
increased from 0.16% in 1995 to 0.41% in
2015; prevalence of type 2 diabetes increased
from 0.23% in 1995 to 1.06% in 2012.
Fadl HE, Simmons D: Trends in diabetes in
pregnancy in Sweden 1998–2012. BMJ Open
Diabetes Res Care 4:e000221, 2016 Aug 11
[Epub] doi: 10.1136/bmjdrc-2016-000221
Using Swedish national medical birth registry
data (84% to 76.5% Nordic origin), over the
15-year period, type 1 diabetes increased by
33.2% (prevalence 0.38% in 1998–2000 and
0.47% in 2010–2012; stable since 2004) and
type 2 diabetes by 111% (prevalence 0.03% in
1998–2000 and 0.10% in 2010–2012; steady
increase), adjusted for maternal BMI, ethnicity,
and age in a logistic regression model.

MATERNAL COMPLICATIONS
Persson M, Cnattingius S, Wikstrom AK,
Johansson S: Maternal overweight and obesity
and risk of preeclampsia in women with type
1 diabetes or type 2 diabetes. Diabetologia
59:2099–2105, 2016
Among 1,532,682 singleton births in Sweden
in 1997–2012, 0.46% of mothers were registered as type 1 diabetes and 0.06% as type
2 diabetes. Preeclampsia was diagnosed in
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15.6% of pregnant women with type 1 diabetes
and 9.7% with type 2 diabetes compared to
2.8% of nondiabetic controls; preeclampsia was
severe in 5.6% of women with type 1 diabetes,
3.2% with type 2 diabetes, and 0.9% of nondiabetic controls.

in pregnancies of type 1 diabetic women
compared to pregnancies without diabetes,
but there was no influence of maternal BMI
on birthweight or placental weight in type 1
diabetes (as there was in nondiabetic women or
gestational diabetes).

Morrison FJ, Movassaghian M, Seely EW,
Curran A, Shubina M, Morton-Eggleston E,
Zera CA, Ecker JL, Brown FM, Turchin A: Fetal
outcomes after diabetic ketoacidosis during
pregnancy. Diabetes Care 40:e77–e79, 2017,
Jul [Epub] doi: 10.2337/dc17-0186

Abell SK, Boyle JA, de Courten B, Knight M,
Ranasinha S, Regan J, Soldatos G, Wallace
EM, Zoungas S, Teede HJ: Contemporary
type 1 diabetes pregnancy outcomes: impact
of obesity and glycemic control. Med J Aust
205:162–167, 2016

In a multicenter study in Boston,
Massachusetts, between 1995 and 2015, there
were 77 DKA events in 64 pregnancies; fetal
demise occurred at the time of or within one
week of the event in 9.4% and eventual preterm
delivery in 46.3%.

Analyzed all singleton births ≥20 weeks of
women with type 1 diabetes in a specialist
diabetes and maternity care network in the
region of Victoria, Australia, for 2010–2013
compared to 27,075 control pregnancies.
Significant adjusted odds ratios >4.0 for
diabetic risk were found for increased rates of
preterm delivery, fetal macrosomia, shoulder
dystocia, perinatal death, and neonatal hypoglycemia and jaundice.

BIRTH OUTCOMES
Murphy HR, Bell R, Cartwright C, Curnow
P, Maresh M, Morgan M, Sylvester C, Young
B, Lewis-Barned N: Improved pregnancy
outcomes in women with type 1 and type
2 diabetes but substantial clinic-to-clinic
variations: a prospective nationwide study.
Diabetologia 60:1668–1677, 2017
Cohort included 3,036 pregnant women
from 155 maternity clinics in England and
Wales in 2015 (46% type 2 diabetes). Preterm
delivery: 39.7% in type 1 diabetes and 21.7%
in type 2 diabetes. LGA infants: 46.4% of
type 1 diabetes and 23.9% of type 2 diabetes.
Congenital anomaly: 4.6% in type 1 diabetes
and 3.5% in type 2 diabetes. Stillbirth: 1.1% in
type 1 diabetes and 1.05% in type 2 diabetes.
Neonatal death: 0.8% in type 1 diabetes and
1.1% in type 2 diabetes.
Allen AJ, Snowden JM, Lau B, Cheng Y,
Caughey AB: Type-2 diabetes mellitus: does
prenatal care affect outcomes? J Matern Fetal
Neonatal Med 31:93–97, 2017
Based on vital statistics data linked to birth
certificates in California from 1997–2006,
women with pregestational type 2 diabetes
who presented for care at the time of delivery
(no prenatal care) had an 11.3% risk of stillbirth
compared to 0.9% in those who presented in
the first trimester.
Strom-Roum EM, Tanbo TG, Eskild A: The
associations of maternal body mass index
with birthweight and placental weight. Does
maternal diabetes matter? A population study
of 106 191 pregnancies. Acta Obstet Gynecol
Scand 95:1162–1170, 2016
Based on data in the Medical Birth Registry of
Norway from 2009–2012, mean birthweight
and placental weight were significantly higher

CONGENITAL MALFORMATIONS
Persson M, Cnattingius S, Villamor E, Soderling
J, Pasternak B, Stephansson O, Neovius M:
Risk of major congenital malformations in
relation to maternal overweight and obesity
severity: cohort study of 1.2 million singletons. BMJ 357:j2563, 2017 Jun 14 [Epub] doi:
10.1136/bmj.j2563
Analyzed liveborn singleton infants without
chromosomal aberrations or syndromes born
≥22 weeks in Sweden from 2001 to 2014;
3.5% of offspring had any major congenital
malformation (43,550 events); 46% were
congenital heart defects. Overall, major
malformations were more likely in boys than
girls (adjusted OR 1.46, 95% CI 1.43–1.49),
especially for genital, urinary tract, and limb
malformations; congenital heart defects
were reported in 1.67% of girls and 1.56% of
boys. There was a limited stepwise association of risk with increasing maternal BMI (in
both fetal sexes), with number of cigarettes
smoked per day, but not with increasing
maternal age. The major adjusted effects of
increasing maternal BMI ≥30 kg/m2 were
seen for congenital heart defects, nervous
system defects, orofacial clefts, digestive
system defects in boys, and genital organs.
Sensitivity analysis excluding 2,860 events
associated with maternal pregestational
diabetes mellitus (6.6% of total events) did not
change the results.
Agha MM, Glazier RH, Moineddin R, Booth
G: Congenital abnormalities in newborns of
women with pregestational diabetes: a timetrend analysis, 1994 to 2009. Birth Defects
Res A Clin Mol Teratol 106:831–839, 2016

Surveyed all liveborns and their mothers in
Ontario, Canada; the prevalence of births
among diabetic mothers increased by almost
200% during the study period. In their children,
the prevalence for all anomalies combined was
47% higher and for various cardiac and central
nervous system anomalies up to a threefold
to fivefold higher rate than in those born to
nondiabetic mothers. The rate of birth defects
in both groups declined after folate food fortification in 1999, but the excess risk associated
with maternal pregestational diabetes mellitus
remained.
Feldkamp ML, Carey JC, Byrne JL, Krikov S,
Botto LD: Etiology and clinical presentation
of birth defects: population based study. BMJ
357:j2249, 2017 May 30 [Epub] doi: 10.1136/
bmj.j2249
Reviewed 5,504 cases of birth defects among
270,878 births (prevalence 2.03%) in Utah in
2005–2009. Only 20.2% could have a definite
cause assigned: chromosomal or genetic
conditions in 19.1% of total cases, conjoined
or acardiac twinning in 0.29%, and poorly
controlled pregestational diabetes mellitus in
0.6%. In the latter group, 75% of cases had ≥2
major anomalies in the same fetus (vs. 15.7%
in total nondiabetic group) with a 28% fetal loss
rate (stillbirths and terminations of pregnancy)
with multiple anomalies in maternal diabetes
versus a 15.1% fetal loss rate with multiple
major anomalies without maternal diabetes.
Oyen N, Diaz LJ, Leirgul E, Boyd HA, Priest
J, Mathiesen ER, Quertermous T, Wohlfahrt
J, Melbye M: Prepregnancy diabetes and
offspring risk of congenital heart disease:
a nationwide cohort study. Circulation
133:2243–2253, 2016
In a Danish national cohort from 1978–2011,
0.36% of infants were exposed to maternal
pregestational diabetes mellitus; the prevalence of congenital heart disease in them was
3.18% in comparison with a baseline rate of
0.80% (adjusted RR 4.00, 95% CI 3.51–4.53).
The association was not modified by year of
birth, maternal age at diabetes onset, or duration or type of diabetes. All specific congenital
heart defect phenotypes were associated with
maternal pregestational diabetes mellitus (RR
range 2.74–13.8).
Leirgul E, Brodwall K, Greve G, Vollset SE,
Holmstrom H, Tell GS, Oyen N: Maternal
diabetes, birth weight, and neonatal risk of
congenital heart defects in Norway, 1994–
2009. Obstet Gynecol 128:1116–1125, 2016
Of 914,427 live births, stillbirths, and terminated pregnancies, 0.61% were complicated
by maternal pregestational diabetes mellitus.
In the latter group, the prevalence of offspring
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with cardiac defects was 3.44% versus 1.14%
without diabetes (adjusted RR 2.92, 95% CI
2.54–3.36). The associated risk did not change
during the study period. Within the pregestational diabetes mellitus group, the prevalence
of congenital heart defects in very macrosomic
infants (birth weight >3 SDs above the reference mean) was 5.61% compared to 2.48% in
the nonmacrosomic group (adjusted RR 2.23,
95% CI 1.39–3.59).
Chou HH, Chiou MJ, Liang FW, Chen LH, Lu
TH, Li CY: Association of maternal chronic
disease with risk of congenital heart disease in
offspring. CMAJ 188:E438–E446, 2016
Of 1,387,650 live births ≥22 weeks in Taiwan
in 2004–2010, using several registration
datasets, the prevalence of congenital heart
defect diagnosed in infancy was 1.69%; the
risk was greater with type 1 diabetes (adjusted
OR 2.32, 95% CI 1.66–3.25, PAR [population
attributable risk] 0.04%), with type 2 diabetes
(adjusted OR 2.85, 95% CI 2.60–3.12, PAR
1.45%), and with chronic hypertension
(adjusted OR 1.87, 95% CI 1.69–2.07, PAR
0.71%). In the total birth cohort, significant
risks for congenital heart defect were recorded
for stepwise increasing maternal age ≥30 years
(no data on BMI), smoking (adjusted OR 2.46,
95% CI 1.69–3.58), but not for male infant sex
(adjusted OR 1.02, 95% CI 0.99–1.05).
Groen In’t Woud S, Renkema KY, Schreuder
MF, Wijers CH, van der Zanden LF, Knoers NV,
Feitz WF, Bongers EM, Roeleveld N, van Rooij
IA: Maternal risk factors involved in specific
congenital anomalies of the kidney and urinary
tract: a case-control study. Birth Defects Res A
Clin Mol Teratol 106:596–603, 2016
Case (562)-control (2,139) study using a multicenter databank; diabetes during pregnancy
increased risk of posterior urethral valves (OR
2.6, 95% CI 1.1–5.9). Use of folic acid supplements only was associated with risk for duplex
collecting systems (OR 1.8, 95% CI 1.0–3.4)
and vesicoureteral reflux (OR 1.8, 95% CI
1.1–2.9); use of multivitamins reduced the risk
of overall congenital anomalies of the kidney
and urinary tract (OR 0.5, 95% CI 0.2–1.0).
Fisher SC, Van Zutphen AR, Werler MM, Lin
AE, Romitti PA, Druschel CM, Browne ML;
National Birth Defects Prevention Study:
Maternal antihypertensive medication use and
congenital heart defects: updated results from
the National Birth Defects Prevention Study.
Hypertension 69:798–805, 2017
Included singleton births 2004–2011,
excluded pregestational diabetes mellitus;
10,625 congenital heart defect cases and
11,137 nonmalformed controls; controlled
for maternal age, BMI, race/ethnicity, first
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trimester cigarette smoking, and study site;
compared 164 case mothers and 102 control
mothers who reported antihypertensive use for
their chronic hypertension during the month
before conception through the third month
of pregnancy. The study found increased risk
of four congenital heart defect phenotypes
regardless of antihypertensive class reported:
coarctation of the aorta (adjusted OR 2.50,
95% CI 1.52–4.11), pulmonary valve stenosis
(adjusted OR 2.19, 95% CI 1.44–3.34),
perimembranous ventricular septal defect
(adjusted OR 1.90, 95% CI 1.09–3.31), and
secundum atrial septal defect (adjusted OR
1.94, 95% CI 1.36–2.79). The strongest risk
was seen for mothers using beta-blockers or
renin-angiotensin system blockers. The authors
could not completely rule out confounding by
underlying disease characteristics. The study
did not account for terminations of pregnancy.
Bateman BT, Patorno E, Desai RJ, Seely EW,
Mogun H, Dejene SZ, Fischer MA, Friedman
AM, Hernandez-Diaz S, Huybrechts KF:
Angiotensin-converting enzyme inhibitors and
the risk of congenital malformations. Obstet
Gynecol 129:174–184, 2017
Used a cohort of 1,333,624 completed
pregnancies linked to liveborn neonates
derived from Medicaid claims from 2000
to 2010; 0.31% were exposed to angiotensin-converting enzyme (ACE) inhibitors during
the first trimester. The prevalence of overall
malformations in the exposed infants was
5.9% compared with 3.3% in the unexposed
(crude RR 1.82, 95% CI 1.61–2.06), of cardiac
malformations 3.4% compared with 1.2%
(crude RR 2.95, 95% CI 2.50–3.47), and of
central nervous system malformations 0.27%
compared with 0.18% (crude RR 1.46, 95% CI
0.81–2.64). After restricting the exposed and
unexposed cohorts to pregnancies with chronic
hypertension and accounting for potential
confounders (maternal demographics, medical
conditions, exposure to other medications,
measures of health care utilization), there was
no significant increase in the risk for any of the
outcomes assessed. The study did not account
for terminations of pregnancy.

NEONATAL COMPLICATIONS
Boghossian NS, Hansen NI, Bell EF,
Brumbaugh JE, Stoll BJ, Laptook AR,
Shankaran S, Wyckoff MH, Colaizy TT, Das
A, Higgins RD; Eunice Kennedy Shriver
National Institute of Child Health and Human
Development Neonatal Research Network:
Outcomes of extremely preterm infants born to
insulin-dependent diabetic mothers. Pediatrics
137:e20153424, 2016
U.S. multicenter study of 312 infants of multiethnic mothers using insulin before pregnancy

(IBP), delivered at 22–28 weeks and cared for
at one of 24 NIH Neonatal Research Network
hospitals in 2006–2011; outcomes were
compared to 10,245 controls without maternal
diabetes. Birth weight extremes for gestational
age and sex (Olsen norms) were 10% LGA (NS)
and 18% SGA (NS); 5% major birth defects (NS);
15% Apgar score ≤3 at 5 minutes (NS). Rates
of morbidities in-hospital in 286 IBP infants
surviving >12 hours included 20.6% death
before discharge (NS); 99% respiratory distress
syndrome (NS); 36% need for supplemental
oxygen use at 36 weeks postmenstrual age
(NS); 16% severe intraventricular hemorrhage
(NS); 3% periventricular leukomalacia (NS); 15%
necrotizing enterocolitis (vs. 11%; adjusted RR
1.55, 95% CI 1.17–2.05); and 35% late-onset
sepsis after 3 days (vs. 28%; adjusted RR 1.26,
95% CI 1.07–1.48). Of 189 IBP infants eligible
for follow-up at age 18–22 months, there were
37% total deaths between birth and age 18–22
months (NS vs. 38% of 6,598 infants eligible
for follow-up). Of 109 IBP offspring examined
at age 18–22 months, 19% had neurodevelopmental impairment (NS vs. 16% of 3,608
controls). There were no data on maternal
glycemic control.
Cnattingius S, Lindam A, Persson M: Risks
of asphyxia-related neonatal complications
in offspring of mothers with type 1 or type 2
diabetes: the impact of maternal overweight
and obesity. Diabetologia 60:1244–1251, 2017
Population-based study using prospectively
collected data on live singleton births of
nonmalformed infants from several nationwide
Swedish registries for 1997–2011; 5,941 infants
of mothers with type 1 diabetes (IDM1), 711
infants of mothers with type 2 diabetes (IDM2),
compared to 1,337,099 infants of mothers
without any type of diabetes (controls). Maternal
characteristics were: BMI ≥30 kg/m2 in 17.5% of
women with type 1 diabetes, 55.5% of women
with type 2 diabetes, and 10.7% in controls
(excluding women with missing data); smoking
in 10.2% of type 1 diabetes, 11.7% of type 2
diabetes, and 9.4% of controls; chronic hypertension in 4.2% of type 1 diabetes, 7.5% of type
2 diabetes, and 0.6% of controls; preeclampsia
in 14.2% of type 1 diabetes, 7.6% of type 2
diabetes, and 2.7% in controls; delivery by
cesarean section in 50.7% of type 1 diabetes,
42.6% of type 2 diabetes, and 15.1% of controls.
Neonatal characteristics were: delivery at <32
weeks in 1.8% of IDM1, 2.0% of IDM2, and 0.6%
of controls; delivery at 32–36 weeks in 17.9%
of IDM1, 11.0% of IDM2, and 3.9% of controls;
birth weight <third percentile for gestational
age in 1.0% of IDM1, 1.3% of IDM2, and 1.5%
of controls; birth weight >97th percentile for
gestational age in 33.3% of IDM1, 19.8% of
IDM2, and 3.4% of controls; Apgar score 0–6

Preexisting Diabetes and Pregnancy
at 5 minutes in 2.6% of IDM1 (adjusted OR
2.67 compared to controls, 95% CI 2.23–3.20),
2.1% of IDM2 (NS), and 0.9% of controls; and
combined convulsions/hypoxic-ischemic
encephalopathy in 1.0% of IDM1 (adjusted OR
3.40 compared to controls, 95% CI 2.58–4.48),
in 1.3% of IDM2 (adjusted OR 2.54 compared
to controls, 95% CI 1.13–5.69), and 0.3% of
controls. There was some relation of risk of
low Apgar score and neonatal convulsions to
increasing maternal BMI in IDM1 and certainly
in controls, but the increased rates of the
complications in IDM1 remained greater than
controls at each maternal BMI grouping. There
were no data on maternal glycemic control.

DIABETES MANAGEMENT:
MATERNAL FOLLOW-UP
Asbjornsdottir B, Akueson CE, Ronneby H,
Rytter A, Andersen JR, Damm P, Mathiesen
ER: The influence of carbohydrate consumption on glycemic control in pregnant women
with type 1 diabetes. Diabetes Res Clin Pract
127:97–104, 2017
Regional study of 80 women with type 1
diabetes who recorded dietary intake for at
least 2 days before the first antenatal visit in
the Copenhagen, Denmark, area. A1c was
positively associated with the quantity of
carbohydrate consumed, regardless of type
of insulin treatment; 45% of the women used
carbohydrate counting daily and had somewhat
lower A1c than in those who did not record
daily (p=0.01).
Chico A, Herranz L, Corcoy R, Ramirez O, Goya
MM, Bellart J, Gonzalez-Romero S, Codina
M, Sanchez P, Cortazar A, Acosta D, Picon
MJ, Rubio JA, Megia A, Sancho MA, Balsells
M, Sola E, Gonzalez NL, Lopez-Lopez J;
GEDE (Group of Diabetes and Pregnancy of
the Spanish Diabetes Association): Glycemic
control and maternal and fetal outcomes
in pregnant women with type 1 diabetes
according to the type of basal insulin. Eur J
Obstet Gynecol Reprod Biol 206:84–91, 2016
Retrospective cohort study of 1,534 pregnancies at 18 Spanish tertiary hospitals; basal
insulin most commonly used was NPH in
51.7% (reference), followed by glargine in 23.2%
and CSII in 21.1% (4% missing data). Multiple
logistic regression analysis showed that CSII
was independently associated with higher A1c
in all trimesters and higher rates of miscarriage,
preterm birth, and neonatal hypoglycemia;
glargine use was related to a higher risk of
preterm birth and an SGA infant. Randomized
controlled trials are underway elsewhere.
Egan AM, Carmody L, Kirwan B, Dunne FP;
Atlantic DIP Collaborators: Care of women with
diabetes before, during and after pregnancy:

time for a new approach? Diabet Med 34:846–
850, 2017
In a multicenter study in West Ireland, 247
women with type 1 diabetes and 137 women
with type 2 diabetes were evaluated before,
during, and after pregnancy; 20% were lost
to 1-year follow-up from clinical care. Average
A1c had returned to preconception level
for both diabetes groups, and there was no
improvement in other measures of diabetes
control. Attendees for prepregnancy care
(44.9% of type 1 diabetes and 27.7% of type 2
diabetes) maintained superior glycemic control
throughout the study and were more likely to
be receiving specialist care postpartum.

BREASTFEEDING AND OFFSPRING
Bartick MC, Schwarz EB, Green BD, Jegier BJ,
Reinhold AG, Colaizy TT, Bogen DL, Schaefer
AJ, Stuebe AM: Suboptimal breastfeeding
in the United States: maternal and pediatric
health outcomes and costs. Matern Child Nutr
13:e12366, 2017 Jan [Epub] doi: 10.1111/
mcn.12366
Modeled a hypothetical cohort of U.S. women
followed from age 15 to 70 years and their children from birth to age 20 years, using Monte
Carlo simulations based on current literature
on the associations between breastfeeding
and health outcomes for nine pediatric and
five maternal diseases. For every 597 women
who optimally breastfeed, one maternal death
(including myocardial infarction, breast cancer,
or diabetes) or child death (including sudden
infant death syndrome or necrotizing enterocolitis) is prevented.
Nucci AM, Virtanen SM, Sorkio S, Barlund
S, Cuthbertson D, Uusitalo U, Lawson ML,
Salonen M, Berseth CL, Ormisson A, Lehtonen
E, Savilahti E, Becker DJ, Dupre J, Krischer JP,
Knip M, Akerblom HK; TRIGR Investigators:
Regional differences in milk and complementary feeding patterns in infants participating
in an international nutritional type 1 diabetes
prevention trial. Matern Child Nutr 13:e12354,
2017 Jul [Epub] doi: 10.1111/mcn.12354
Among newborn infants with a first degree
relative with type 1 diabetes and increased
HLA-conferred susceptibility to type 1
diabetes distributed in four regions of Europe,
two of North America, plus Australia, a lower
proportion of infants born to mothers with
than without type 1 diabetes were breastfed
until age 6 months in all regions (range
51%–60% vs. 70%–80%). Maternal diabetes
status was associated with breastfeeding and
other milk feeding patterns similarly across
regions but was unrelated to the introduction
of complementary foods, which did vary
by region overall, largely inconsistent with
guidelines.

Lund-Blix NA, Dydensborg Sander S, Stordal
K, Nybo Andersen AM, Ronningen KS, Joner
G, Skrivarhaug T, Nijolstad PR, Husby S, Stene
LC: Infant feeding and risk of type 1 diabetes in
two large Scandinavian birth cohorts. Diabetes
Care 40:920–927, 2017
Analyzed data from 155,392 children participating in Norwegian and Danish studies;
parents reported infant dietary practices at
ages 6 and 18 months. Children who were
never breastfed had a twofold increased risk
of type 1 diabetes at follow-up compared with
those who were breastfed (HR 2.29, 95% CI
1.14–4.61). The incidence of type 1 diabetes
was independent of duration of full or partial
breastfeeding.
Uusitalo U, Liu X, Lang J, Aronsson CA,
Hummel S, Butterworth M, Lernmark A,
Rewers M, Hagopian W, She JX, Simell O,
Toppari J, Ziegler AG, Akolkar B, Krischer J,
Norris JM, Virtanen SM; TEDDY Study Group:
Association of early exposure to probiotics and
islet autoimmunity in the TEDDY Study. JAMA
Pediatr 170:20–28, 2016
Ongoing prospective cohort follow-up study
of 7,473 infants with high-risk HLA (human
leukocyte antigen)-DR genotypes at three
U.S. and three European centers to determine
persistent islet autoimmunity. In children with
the DR3/4 genotype, early (age 0–27 days), but
not later, supplementation with varied probiotics by parental report (mainly in Europe; from
dietary supplements in Finland and probiotic
infant formulas in Germany) was associated
with decreased risk of later islet autoimmunity
when adjusting for duration of exclusive breastfeeding and many other factors (HR 0.40, 95%
CI 0.21–0.74) and strongly associated with
diarrhea and antibiotic use in the first year of
life.
Krischer JP, Lynch KF, Lernmark A, Hagopian
WA, Rewers MJ, She JX, Toppari J, Ziegler AG,
Akolkar B; TEDDY Study Group: Genetic and
environmental interactions modify the risk of
diabetes-related autoimmunity by 6 years of
age: the TEDDY Study. Diabetes Care 40:1194–
1202, 2017
Infants with HLA-DR high-risk genotypes were
prospectively followed for diabetes-related
autoantibodies. The persisting GAD (glutamic
acid decarboxylase) antibody was associated
with only father as the diabetic proband and
infant weight at age 12 months; mother as
the diabetic proband was not a significant risk
factor.
Hummel S, Beyerlein A, Tamura R, Uusitalo
U, Andren Aronsson C, Yang J, Riikonen A,
Lernmark A, Rewers MJ, Hagopian WA, She
JX, Simell OG, Toppari J, Ziegler AG, Akolkar
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B, Krischer JP, Virtanen SM, Norris JM; TEDDY
Study Group: First infant formula type and risk
of islet autoimmunity in the Environmental
Determinants of Diabetes in the Young (TEDDY)
Study. Diabetes Care 40:398–404, 2017
Confirms an earlier analysis that islet autoimmunity is not reduced and may be increased
by using hydrolyzed compared with nonhydrolyzed cow’s milk-based infant formula as the
first formula in infants at increased genetic risk
for type 1 diabetes.
Halipchuk J, Temple B, Dart A, Martin D,
Sellers EA: Prenatal, obstetric and perinatal
factors associated with the development
of childhood-onset type 2 diabetes. Can J
Diabetes 42:71–77, 2018
Retrospective matched case (270)-control
(1,341) study using Manitoba, Canada, administrative data. Low maternal income (OR 6.67,
95% CI 3.01–14.79) and exposure to maternal
pregestational diabetes mellitus (nearly sixfold)
increased the risk of childhood-onset type 2
diabetes, and breastfeeding reduced the risk
(OR 0.52, 95% CI 0.36–0.74).
Martens PJ, Shafer LA, Dean HJ, Sellers EA,
Yamamoto J, Ludwig S, Heaman M, PhillipsBeck W, Prior HJ, Morris M, McGavock J,
Dart AB, Shen GX: Breastfeeding initiation
associated with reduced incidence of diabetes
in mothers and offspring. Obstet Gynecol
128:1095–1104, 2016
Retrospective database study of 334,533 deliveries (1987–2011) in Manitoba, Canada, with
up to 24 years of follow-up for diabetes; initiation of breastfeeding before hospital discharge
recorded. Breastfeeding initiation was associated with reduced risk of later-developed
diabetes in non-First Nations mothers (HR 0.73,
95% CI 0.68–0.79) and in First Nation mothers
(HR 0.89, 95% CI 0.81–0.98) and was associated with reduced risk of youth-onset type 2
diabetes in all offspring.
Forster DA, Moorhead AM, Jacobs SE, Davis
PG, Walker SP, McEgan KM, Opie GF, Donath
SM, Gold L, McNamara C, Aylward A, East
C, Ford R, Amir LH: Advising women with
diabetes in pregnancy to express breastmilk in
late pregnancy (Diabetes and Antenatal Milk
Expressing [DAME]): a multicentre, unblinded,
randomised controlled trial. Lancet 389:2204–
2213, 2017
In a method-safety trial, analyzed results in
Australia from 317 women with preexisting
or gestational diabetes randomized to milk
expressing twice per day from 36 weeks gestation and 315 diabetic women in the standard
care group. The proportion of infants admitted
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to the NICU did not differ between groups (15%
with antenatal expressing vs. 14% with standard care). Adverse events were three cases of
need for respiratory support in the antenatal
expressing group and three cases of moderate
to severe encephalopathy in the standard care
group.
Stuart B, Panico L: Early-childhood BMI
trajectories: evidence from a prospective,
nationally representative British cohort study.
Nutr Diabetes 2016 Mar 7 [Epub] doi: 10.1038/
nutd.2016.6
Millennium Cohort Study, sample drawn from
9,699 infants born in the United Kingdom
from September 2000 to January 2002 with
complete information on child’s weight and
height at ages 3, 5, 7 and 11 years. By age 11
years, 20% of the sample was overweight and
5.0% obese in boys and 5.7% in girls. Obese
trajectory diverges by age 3 years and accelerates after age 5 years and more after age
7 years. In multinomial logistic regression of
socioeconomic and early-life factors by latent
trajectory for the obese group, the significant
weighted relative risk ratios were 1.33* for
not breastfed, 1.96† for smoking during pregnancy, 2.16* for high birth weight, 1.94* for
low parental education, 0.45* for high parental
education, 0.73* for sex (child is male), and
0.36† for ethnicity (child is white). Early-life
factors may be crucial in setting up lifelong
BMI trajectories.
* p<0.05
† p<0.001
Martin RM, Kramer MS, Patel R, RifasShiman SL, Thompson J, Yang S, Vilchuck K,
Bogdanovich N, Hameza M, Tilling L, Oken
E: Effects of promoting long-term, exclusive
breastfeeding on adolescent adiposity, blood
pressure, and growth trajectories: a secondary
analysis of a randomized clinical trial. JAMA
Pediatr 171:e170698, 2017 Jul 3 [Epub] doi:
10.1001/jamapediatrics.2017.0698
Units in Belarus (31 maternity hospitals and
their associated outpatient polyclinics) were
randomized in the 1990s (a time of economic
crisis) to a control arm with standard breastfeeding practices already in effect (8,178
children) and to an intervention arm based on
the Baby-Friendly Hospital Initiative (8,864
children). Weight gain and BMI gain were
significantly less in children at intervention
units at age 3–12 months, and for weight
gain but not for BMI gain thereafter at ages
8.5–14.5 and 14.5–19.9 years; 4%–5% were
obese at age 16 years. All participants at least
initiated breastfeeding, and the study did not
include a formula-feeding arm. “The intention
to treat analysis likely underestimates the

magnitude of effect of breastfeeding exclusivity
and duration, owing to overlap in breastfeeding
between the randomized groups: many intervention mothers did not exclusively breastfeed
for 3 or 6 months, and some control mothers
did.” “Higher-than-expected breastfeeding
duration was observed in the control group,
which may have been owing to deteriorating
economic conditions in Belarus during the trial
and the higher cost of formula.”
Papoutsou S, Savva SC, Hunsberger M,
Jilani H, Michels N, Ahrens W, Tornaritis M,
Veidebaum T, Molnar D, Siani A, Moreno LA,
Hadjigeorgiou G; IDEFICS Consortium: Timing
of solid food introduction and association with
later childhood overweight and obesity: the
IDEFICS Study. Matern Child Nutr 14:e12471,
2018, Jan [Epub] doi: 10.1111/mcn.12471
Cross-sectional data from 10,808 children age
2–9 years residing in eight European countries
in 2007–2008. Late solid food introduction
(age ≥7 months) was associated with an
increased prevalence of later childhood overweight/obesity among exclusively breastfed
children (OR 1.38, 95% CI 1.01–1.88). Children
who were introduced to solids right after
6 months of exclusive breastfeeding and
continued to receive breast milk (≥12 months)
were less likely to become overweight/obese
(OR 0.67, 95% CI 0.51–0.88) compared to
children who did not continue to receive breast
milk. Early solid food introduction (age <4
months) was associated with a lower prevalence of overweight/obesity among children
who ceased exclusive breastfeeding earlier
than 4 months (OR 0.63, 95% CI 0.47–0.84).
Recall bias was an important limitation.

