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SUMMARY
Diabetes in older adults is a significant and growing public health problem in the United States. About 40% (39.5%) of the adult diabetic
population is age ≥65 years. Approximately 20% (21.4%) of adults age ≥65 years have a known diagnosis of diabetes, and a similar
proportion (16%) is unaware that they have diabetes based on glycosylated hemoglobin (A1c), fasting plasma glucose, or oral glucose
tolerance testing. From 1997 to 2010, the prevalence of diabetes in older adults increased by 62%.
The geriatric diabetic population is highly heterogeneous in regard to its race/ethnicity, duration of diabetes, comorbidity, and functional
status, which complicates the development of standard guidelines for the care of this population. Diagnosed heart disease is prevalent
in about one-quarter of older adults with diabetes. Geriatric conditions are also highly prevalent, including chronic pain in over half and
at least one functional limitation in two-thirds of older adults with diabetes. Diabetes increases the risk of mortality and cardiovascular
and microvascular complications, as well as all known geriatric conditions (cognitive impairment, frailty, unintentional weight loss, polypharmacy, and functional impairment).
The Diabetes Prevention Program showed that a lifestyle intervention may be particularly effective at reducing future diabetes in older
adults. Evidence for the benefits of intensive glycemic control among older adults is mixed, and the benefits of intensive control should
be weighed carefully against the risks of polypharmacy, falls, and hypoglycemia. Even less evidence is available to guide efforts to
prevent the geriatric conditions associated with diabetes. Routine screening for geriatric conditions, including dementia, depression, and
falls, as well as hypoglycemia, may be especially important in older adults because of the potential barrier posed by these conditions on
diabetes self-management.
In the United States, the costs of diabetes in older adults are largely borne by Medicare, the federal universal health insurance program
for older adults. In 2012, the direct medical costs of diabetes care for older adults were estimated to be $104 billion per year largely due
to hospital inpatient stays. The additional burden on society of informal caregiving is also significant. The costs of diabetes care in older
adults are expected to triple from 2009 to 2034. Future approaches to diabetes care in older adults will likely be guided by recommendations from the American Diabetes Association to provide highly individualized care.

INTRODUCTION
The majority of older adults with diabetes
have type 2 diabetes due to a combination of increased insulin resistance and
impaired insulin secretion (1). In a study of
adults age ≥60 years with diabetes from
the Kaiser Permanente Northern California
Diabetes Registry (N=6,317) in 2005, 96%
had type 2 diabetes (2). Insulin resistance
associated with advancing age is believed
to be due to a combination of adiposity,
sarcopenia (decreased muscle mass),
and physical inactivity (3). Additionally,
advancing age is associated with declines
in pancreatic islet function and islet proliferative capacity, which may impair insulin
secretion (4,5,6,7). Increasing insulin resistance is likely a more predominant driver of
Received in final form March 10, 2015.

diabetes than impaired insulin secretion in
older adults compared to younger adults.
The clinical course of older adults with
diabetes is often complicated by concomitant chronic diseases (e.g., hypertension)
that can interact with their diabetes and
accelerate the progression of diabetic
complications (e.g., retinopathy).

DATA SOURCES AND LIMITATIONS
The National Health Interview Survey
(NHIS) and the National Health and
Nutrition Examination Survey (NHANES)
were used for original analyses conducted
for Diabetes in America, 3rd edition,
which are presented in the figures, tables,
and appendices of this chapter except

where noted. These data sets provide
cross-sectional snapshots of the nation’s
health. The NHIS relies on self-report
regarding the presence of conditions,
and thus, undiagnosed conditions are
not available from this data source. For
the NHANES, some undiagnosed conditions are available through the collection
of biomarkers. Self-reported diabetes
includes both type 1 diabetes and type 2
diabetes. For both surveys, the geriatric
population is defined as adults age ≥65
years. In some instances, the standard
errors for both the NHIS and NHANES
estimates were high, in which case the size
of relative standard errors was noted in
tables and/or figures.
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DEMOGRAPHICS OF THE GERIATRIC DIABETES POPULATION
POPULATION SIZE AND
PREVALENCE OF DIABETES
According to new analyses conducted for
Diabetes in America of NHIS 2009–2010
data, 7.81 million adults age ≥65 years
had a self-reported diagnosis of diabetes
(Table 16.1). The overall prevalence of
diagnosed diabetes in the population
age ≥65 years was 20.5%. Compared to
adults age 60–69 years and ≥80 years,
those age 70–79 years had the highest
prevalence of diabetes (22.7%). Men had
a higher prevalence of diabetes than
women for every age group (e.g., at age
≥80 years, 21.7% for men vs. 15.6% for
women). Additional information on prevalence of type 2 diabetes is provided in
Chapter 3 Prevalence and Incidence of
Type 2 Diabetes and Prediabetes.

TABLE 16.1. Prevalence of Diagnosed Diabetes Among Adults Age ≥60 Years, by Age and
Sex, U.S., 2009–2010
N (MILLIONS)*

PERCENT (STANDARD ERROR)

Total
≥65
60–69
70–79
≥80

AGE (YEARS)

7.81
5.31
3.71
1.81

20.5 (0.49)
18.6 (0.55)
22.7 (0.74)
17.9 (0.80)

Men
≥65
60–69
70–79
≥80

3.89
2.79
1.90
0.82

23.5 (0.76)
20.2 (0.85)
25.7 (1.19)
21.7 (1.52)

Women
≥65
60–69
70–79
≥80

3.93
2.52
1.81
1.00

18.2 (0.60)
17.0 (0.70)
20.2 (0.89)
15.6 (0.98)

Data are self-reported.
* National Health Interview Survey weighted estimates.
SOURCE: National Health Interview Surveys 2009–2010

In 2010, adults age ≥65 years represented
39.5% of the U.S. adult diabetic population
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In conjunction with rising prevalence
rates, the absolute number of older adults
living with diabetes in the United States
has risen dramatically. Based on the
NHIS, from 1997 to 2010, the number
of adults age ≥65 years with diagnosed
diabetes nearly doubled from an estimated 4.20 million to 8.28 million (Figure
16.2, Appendix 16.2). The relative rate
of increase was highest for those age
≥80 years (2.35-fold increase), followed
by adults age 60–69 years (2.24-fold
increase) and adults age 70–79 years
(1.96-fold increase).

FIGURE 16.1. Trends in the Percent of Diagnosed Diabetes Among Adults Age ≥60 Years, by
Age, U.S., 1997–2010

Percent

The high prevalence of diabetes in older
adults is a reflection of secular changes
in population prevalence. From 1997
to 2010, the prevalence of diagnosed
diabetes among older adults age ≥65 years
increased from 13.2% to 21.4% in the NHIS,
which represents a 62.1% relative increase
(Figure 16.1, Appendix 16.1). For each older
age group, a similar rise in disease prevalence was observed. Adults age 70–79
years had the greatest relative increase in
prevalence (84.1%), while there was a 47.7%
relative increase in prevalence among
adults age 60–69 years and a 65.8% relative increase among adults age ≥80 years.

Data are self-reported.
SOURCE: National Health Interview Surveys 1997–2010

age ≥18 years (Table 16.2). Based on
estimates from the NHIS 1997–2010, the
age distribution of the diabetic population
has not significantly changed over time,
except for an increase in adults age ≥80
years. About one-quarter (23%–27%) of
the population is represented by those age
60–69 years, about one-fifth (17%–21%)

is represented by those age 70–79 years,
and 7%–9% of the adult diabetic population is accounted for by persons age
≥80 years. In 2010, 26.9% of adults with
diabetes were age 60–69 years, 19.0%
were age 70–79 years, and 8.9% were age
≥80 years.
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RACE/ETHNICITY
Based on new analyses of data from the
NHIS 2009–2010, older adults with
diabetes were disproportionately nonHispanic black (13.4%) and Hispanic
(11.4%) compared to those without
diabetes (7.4% and 6.1%, respectively)
(Table 16.4). Among adults age ≥80 years,
a slightly greater proportion of adults were
non-Hispanic white (74.8%) and smaller
proportions were non-Hispanic black
(12.1%) and Hispanic (9.2%) compared
to adults age 60–69 and 70–79 years.
Mexican Americans represented about
60.0% of the geriatric Hispanic population
with diabetes (Table 16.5). Because of
changing demographics, non-Hispanic
blacks and Hispanics are expected to
become a larger proportion of the geriatric
diabetes population over the next two
decades.

FIGURE 16.2. Trend in the Number (in Millions) of Adults Age ≥60 Years With Diabetes, by
Age, U.S., 1997–2010
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Data from the NHANES 2005–2010 were
analyzed to provide additional insight into
the prevalence of undiagnosed diabetes
and prediabetes in older adults (Table
16.3). In 2005–2010, 16.2% of adults
age ≥65 years were unaware that they
had diabetes, as defined by abnormal
laboratory test results (i.e., glycosylated
hemoglobin [A1c] ≥6.5% [≥48 mmol/mol],
fasting plasma glucose ≥126 mg/dL
[≥6.99 mmol/L], or 2-hour plasma
glucose from an oral glucose tolerance
test ≥200 mg/dL [≥11.10 mmol/L]). The
prevalence of undiagnosed diabetes
when using A1c and fasting plasma
glucose criteria was only 7.8%. Adults
age ≥80 years had a higher prevalence
of undiagnosed diabetes than adults age
60–69 and 70–79 years based on both
abnormal laboratory criteria. Prediabetes,
defined by A1c 5.7%–<6.5% (≥39 mmol/
mol), fasting plasma glucose 100–<126
mg/dL (≥5.55 mmol/L), or 2-hour plasma
glucose 140–199 mg/dL (7.77–11.04
mmol/L), is highly prevalent among older
adults; based on the NHANES 2005–
2010, 46.4% of older adults had
prediabetes. Adults age 60–69 years had
a slightly higher prevalence of prediabetes
(47.8%) compared to adults age 70–79
years (46.4%) or ≥80 years (45.4%).

Data are self-reported.
* National Health Interview Survey weighted estimates.
SOURCE: National Health Interview Surveys 1997–2010

TABLE 16.2. Trends in the Percent Distribution of Age Among Adults Age ≥18 Years With
Diabetes, U.S., 1997–2010
PERCENT (STANDARD ERROR)
Age (Years)
YEAR

≥65

60–69

70–79

≥80

1997

41.9 (1.35)

25.2 (1.13)

20.3 (1.00)

7.8 (0.68)

1998

40.8 (1.31)

25.1 (1.15)

20.1 (0.97)

7.9 (0.70)

1999

39.7 (1.31)

23.0 (1.13)

21.4 (1.03)

7.2 (0.61)

2000

40.2 (1.25)

23.2 (1.08)

21.4 (0.97)

7.1 (0.60)

2001

38.5 (1.14)

23.3 (1.03)

20.0 (0.95)

7.4 (0.57)

2002

39.4 (1.14)

23.8 (1.03)

20.1 (0.98)

7.4 (0.58)

2003

40.5 (1.26)

24.0 (1.01)

19.2 (0.88)

8.8 (0.67)

2004

39.6 (1.14)

24.8 (1.00)

19.1 (0.91)

8.5 (0.61)

2005

36.8 (1.12)

23.5 (1.02)

17.8 (0.80)

8.3 (0.57)

2006

37.6 (1.37)

24.1 (1.20)

17.7 (1.04)

9.0 (0.72)

2007

39.1 (1.27)

25.9 (1.20)

18.0 (1.00)

8.7 (0.76)

2008

36.8 (1.34)

25.7 (1.21)

16.6 (0.98)

8.7 (0.68)

2009

36.0 (1.28)

24.3 (1.08)

16.7 (0.87)

8.6 (0.64)

2010

39.5 (1.17)

26.9 (0.93)

19.0 (0.93)

8.9 (0.56)

Data are self-reported.
SOURCE: National Health Interview Surveys 1997–2010
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TABLE 16.3. Percent of Undiagnosed Diabetes and Prediabetes Among Adults Age ≥60
Years, by Age, U.S., 2005–2010
PERCENT (STANDARD ERROR)

AGE (YEARS)

Undiagnosed Diabetes
Based on A1c,
FPG, or 2HPG*

Undiagnosed Diabetes
Based on A1c
or FPG Only*

Prediabetes†

≥65

16.2 (1.07)

7.8 (0.72)

46.4 (1.17)

60–69

11.1 (1.20)

6.6 (0.84)

47.8 (1.63)

70–79

16.1 (1.28)

7.1 (0.90)

46.4 (1.63)

≥80

20.9 (2.20)

8.3 (0.99)

45.4 (2.47)

Conversions for A1c and glucose values are provided in Diabetes in America Appendix 1 Conversions. 2HPG, 2-hour
plasma glucose; A1c, glycosylated hemoglobin; FPG, fasting plasma glucose.
* Undiagnosed diabetes is defined as A1c ≥6.5%, FPG ≥126 mg/dL, and/or 2HPG ≥200 mg/dL.
† Prediabetes is defined as A1c 5.7%–<6.5%, FPG 100–<126 mg/dL, or 2HPG 140–199 mg/dL
(7.77–11.04 mmol/L).
SOURCE: National Health and Nutrition Examination Surveys 2005–2010

TABLE 16.4. Race/Ethnicity Distribution Among Adults Age ≥65 Years, by Diabetes Status,
U.S., 2009–2010
PERCENT (STANDARD ERROR)
RACE/ETHNICITY

Diabetes

No Diabetes

Non-Hispanic white

71.0 (1.03)

83.1 (0.51)

Non-Hispanic black

13.4 (0.77)

7.4 (0.35)

Hispanic
Mexican American
Other Hispanic

11.4 (0.65)
6.8 (0.51)
4.7 (0.45)

6.1 (0.27)
3.0 (0.23)
3.1 (0.15)

Non-Hispanic Asian

4.2 (0.44)

3.4 (0.20)

Diabetes status is self-reported.
SOURCE: National Health Interview Surveys 2009–2010

TABLE 16.5. Race/Ethnicity Distribution of Diabetes Among Adults Age ≥60 Years, by Age,
U.S., 2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
RACE/ETHNICITY

60–69

70–79

Non-Hispanic white

70.1 (1.29)

70.5 (1.65)

74.8 (1.90)

Non-Hispanic black

14.2 (0.89)

13.3 (1.17)

12.1 (1.30)

Hispanic
Mexican American
Other Hispanic

12.1 (0.97)
7.7 (0.77)
4.4 (0.61)

12.0 (1.24)
7.0 (1.02)
5.0 (0.77)

9.2 (1.09)
5.2 (0.88)
4.0 (0.70)

Non-Hispanic Asian

3.6 (0.53)

4.2 (0.62)

3.9 (0.80)

Diabetes status is self-reported.
SOURCE: National Health Interview Surveys 2009–2010
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≥80

POPULATION SIZE AND
PREVALENCE OF DIABETES
IN NURSING HOMES
The nursing home population has a high
prevalence of diabetes. Based on the
National Nursing Home Surveys, in 2004,
an estimated 23.4% of nursing home
residents age ≥55 years had diabetes,
approximately 329,000 individuals (8).
Between 1995 and 2004, there was a
significant 7% relative increase in diabetes
prevalence in nursing home residents,
which was also observed for many nursing
home subgroups (men age 65–74 years,
75–84 years, and ≥85 years; women
age ≥85 years; non-Hispanic whites;
non-Hispanic black women; and Hispanic
women). For more details regarding
diabetes in nursing homes please see
Chapter 40 Health Care Utilization and
Costs of Diabetes.
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DURATION OF DIABETES
FIGURE 16.3. Duration of Diabetes Among Adults Age ≥60 Years, by Age, U.S., 2009–2010
<5

Duration (years)
5–<10

≥10

100

75
Percent

Older adults with diabetes vary greatly
with regard to the duration of their
diabetes. In the NHIS 2009–2010, the
average duration of diabetes in the U.S.
geriatric population was 14.7 years;
23% of older adults had diabetes for <5
years, 20.4% had diabetes for 5–<10
years, and over half (56.6%) had diabetes
for ≥10 years (Figure 16.3, Appendix
16.3). Differences in duration of diabetes
translate into different degrees of risk for
diabetic complications, which add to the
heterogeneity of this population.
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Data are self-reported.
SOURCE: National Health Interview Surveys 2009–2010

COMORBIDITIES OF DIABETES
Older adults with diabetes are at elevated
risk for concomitant cardiovascular
risk factors, diabetic complications,
geriatric conditions, and comorbid
diseases. Compared to the nondiabetic
population, older adults with diabetes
have a higher risk of blindness, renal
failure, coronary heart disease, and
stroke (9,10). Additionally, the geriatric
diabetic population is at higher risk
for geriatric conditions, including falls
(11), osteoporosis, urinary incontinence
(12), chronic pain (13), depression (14),
dementia (15), frailty/sarcopenia, and
polypharmacy (16). Geriatric conditions
are important considerations for older
diabetes patients because they can have
a devastating effect on quality of life. In
many cases, a patient’s experience with
geriatric conditions may have a greater
bearing on immediate symptomatology
than the prevention of long-term diabetic
complications. In addition, older adults
with diabetes frequently have several
comorbid diseases, which increase the
risks of polypharmacy and multi-drug
interactions. A description of these comorbidities is provided below. The reader may

obtain additional information in Chapter 9
Physical and Metabolic Characteristics of
Persons With Diabetes and Prediabetes,
Chapter 10 Lifestyle Characteristics
Among Persons With Diabetes and
Prediabetes, and the chapters related to
various diabetic complications (Chapters
17–36).
Rates of complications and mortality were
compared in a 7-year cohort study from
Kaiser Permanente Northern California
using data from 2004–2010 among adults
age ≥60 years (17). This study found that
cardiovascular complications and hypoglycemia were the most common nonfatal
complications. Duration of diabetes
and advancing age were independently
predictive of diabetic complications
and mortality rates. Detailed sex- and
race-adjusted incidence rates among
older adults by age cohort (60–69, 70–79,
and ≥80 years) and duration of diabetes
(<10 and ≥10 years) were reported. For
example, among adults age 70–79 years
with duration of diabetes ≥10 years, the
sex- and race-adjusted incidences of
congestive heart failure, coronary artery

disease, and cerebrovascular disease
were 23.86, 18.98, and 14.62 events
per 1,000 person-years, respectively. In
this subpopulation, acute hypoglycemic
events occurred at a sex- and race-adjusted incidence of 15.88 events per
1,000 person-years. Acute hyperglycemic
events were rare at 1.76 events per 1,000
person-years among adults age 70–79
years with duration of diabetes ≥10 years.

CARDIOVASCULAR RISK FACTORS
Overweight and Obesity
Older adults with diabetes have a much
higher prevalence of overweight, defined
by a body mass index ≥25 kg/m2, or
obesity, defined by a body mass index
≥30 kg/m2, than those without diabetes,
according to new analyses for Diabetes in
America. NHANES data from 2007–2010
showed that 83.3% of adults age ≥65
years with diabetes were overweight or
obese compared to 68.8% of adults age
≥65 years without diabetes (p<0.001)
(Figure 16.4, Appendix 16.4). According to
the NHIS 2009–2010, the proportion of
overweight or obese individuals decreased
with increasing age, with 89.1% of adults
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FIGURE 16.4. Body Mass Index Distribution Among Adults Age ≥65 Years, by Diabetes
Status, U.S., 2007–2010
Diabetes

No diabetes

70
60

Prevalence (%)

50
40
30

Hyperlipidemia

20
10
0

1

Underweight

Normal

Overweight

Obese

BMI
BMI is calculated based on measured height and weight. Underweight, BMI <18.5 kg/m2; normal, BMI 18.5–<25
kg/m2; overweight BMI 25–<30 kg/m2; obese, BMI ≥30 kg/m2. Diabetes status is self-reported. Error bars represent
95% confidence intervals. BMI, body mass index.
1 Estimate is too unreliable to present; ≤1 case or relative standard error >50%.
SOURCE: National Health and Nutrition Examination Surveys 2007–2010

FIGURE 16.5. Body Mass Index Distribution Among Adults Age ≥60 Years With Diabetes, by
Age, U.S., 2009–2010
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BMI is calculated based on self-reported height and weight. Underweight, BMI <18.5 kg/m2; normal, BMI 18.5–<25
kg/m2; overweight, 25–<30 kg/m2; obese, ≥30 kg/m2; overweight or obese, ≥25 kg/m2. Diabetes status is selfreported. BMI, body mass index.
SOURCE: National Health Interview Surveys 2009–2010

age 60–69 years being overweight or
obese compared to 80.6% of those age
70–79 years and 61.7% of adults age ≥80
years (Figure 16.5, Appendix 16.5).
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years had hypertension compared to
those age 60–69 years (73.5%) and ≥80
years (70.9%). According to data from
the NHANES 2007–2010, blood pressure
averaged 135.0/62.5 mmHg in adults
with diabetes age ≥65 years (Table 16.6).
Over 10% (12.6%) of the geriatric diabetic
population had systolic blood pressure
(SBP) levels ≥160 mmHg, and a small
percentage (2.3%) had diastolic blood
pressure levels ≥90 mmHg.

Hypertension
Older adults with diabetes had a prevalence of hypertension that was about
1.5 times as great as that found in the
nondiabetic population (74.8% vs. 51.1%)
in the NHIS 2009–2010. A slightly larger
percentage (76.3%) of adults age 70–79

In a departure from the patterns observed
in overweight/obesity and hypertension,
the prevalence of hyperlipidemia is about
equal in the geriatric diabetic and nondiabetic populations (18). According to
new analysis of data from the NHANES
2007–2010, low-density lipoprotein (LDL)
cholesterol levels averaged 93.3 mg/dL
(2.42 mmol/L) in adults age ≥65 years
with diabetes (Table 16.6). About 5%
(5.1%) of the geriatric diabetic population
had LDL cholesterol levels ≥160 mg/dL
(≥4.14 mmol/L).

Smoking
Among adults age ≥65 years, a slightly
lower proportion of the diabetic population (8.2%) smoked compared with the
nondiabetic population (9.8%) according
to a new analysis of NHIS 2009–2010
data conducted for Diabetes in America.
The prevalence of smoking among older
adults with diabetes was greatest among
the youngest age group and decreased
with advancing age (60–69 years, 13.9%;
70–79 years, 8.5%; ≥80 years, 3.0%). The
observation that the rates of obesity and
current smoking decline with advancing
age may be due to differences in survivorship associated with these cardiovascular
risk factors.

CARDIOVASCULAR COMPLICATIONS
Diabetes increases the risk of cardiovascular complications in adults, especially
among older adults, as described in
Chapter 18 Heart Disease and Diabetes
and Chapter 19 Stroke and Diabetes. In
new analyses of the NHANES 2007–2010,
the prevalences of all forms of cardiovascular complications (e.g., congestive
heart failure, coronary heart disease,

Diabetes in Older Adults

TABLE 16.6. Blood Pressure and LDL Cholesterol Levels Among Adults Age ≥65 Years
With Diabetes, U.S., 2007–2010
MEAN (SE)

PERCENT (SE)

Blood pressure (mmHg)
Systolic
<130
130–139
140–159
≥160

135.0 (1.25)

Diastolic
<70
70–79
80–89
≥90

62.5 (0.80)

LDL cholesterol (mg/dL)

93.3 (2.52)

The presence of cardiovascular complications may increase the risk of other
complications of diabetes. In a study of
patients with diabetes age ≥65 years
using Medicare claims from 1994–1999,
metabolic complications of diabetes
(hypoglycemia, hyperosmolar coma,
ketoacidosis), ischemic heart disease,
nephropathy, and peripheral vascular
disease increased the 5-year incidence of
heart failure by 23%, 74%, 55%, and 35%,
respectively (19).

44.5 (2.33)
19.4 (1.83)
23.6 (1.66)
12.6 (1.64)
72.6 (2.13)
20.6 (1.71)
4.6 (0.98)
2.3 (0.91)1

<70
70–99
100–129
130–159
≥160

26.3 (2.71)
36.9 (3.98)
21.8 (3.00)
10.0 (2.81)
5.1 (1.61)

Diabetes status is self-reported. Conversions for LDL cholesterol values are provided in Diabetes in America
Appendix 1 Conversions. LDL, low density lipoprotein; SE, standard error.
1 Relative standard error >30%–40%
SOURCE: National Health and Nutrition Examination Surveys 2007–2010

FIGURE 16.6. Cardiovascular Complications Among Adults Age ≥65 Years, by Diabetes
Status, U.S., 2007–2010
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Data are self-reported. Error bars represent 95% confidence intervals.
SOURCE: National Health and Nutrition Examination Surveys 2007–2010

and stroke) were nearly double for older
adults with diabetes compared to those
without diabetes (Figure 16.6, Appendix
16.6). The increased rate of cardiovascular
complications was most pronounced for
congestive heart failure, which was nearly
three times more prevalent among the
geriatric diabetic population compared
to the nondiabetic population (15.3% vs.

years having the highest prevalences of
coronary heart disease, angina, other
heart conditions or diseases, and stroke.

5.7%). According to NHIS 2009–2010
data analyzed for Diabetes in America,
coronary heart disease was present in
about 24.3% of older adults with diabetes,
followed by myocardial infarction (16.3%),
stroke (13.0%), and angina (10.4%) (Figure
16.7, Appendix 16.7). The prevalences
of most cardiovascular complications
increased by age, with adults age ≥80

MICROVASCULAR COMPLICATIONS
Microvascular complications are more
prevalent among older adults with
diabetes compared to those without
diabetes, according to new analyses of
national data for Diabetes in America. In
the NHANES 2005–2008, older adults
with diabetes had a fourfold higher prevalence of retinopathy, as detected by
non-mydriatric digital fundus photography,
compared to those without diabetes
(Figure 16.8, Table 16.7). For comparison,
in the NHIS 2009–2010, 18.5% of the
geriatric diabetes population reported
trouble seeing compared to 12.3% of the
nondiabetic population (Appendix 16.8).
Increasing age was associated with higher
rates of trouble seeing and blindness
(Figure 16.9, Appendix 16.8).
Microalbuminuria, defined by an
albumin-to-creatinine ratio 30–300
mg/g, was nearly twice as likely among
older adults with diabetes versus
those without diabetes in the NHANES
2007–2010 (Figure 16.8, Table 16.7).
Decreased kidney function, based on the
Chronic Kidney Disease Epidemiology
Collaboration equation and serum creatinine, was 45% more prevalent among the
older adult diabetic population compared
to the nondiabetic population (39.7% vs.
27.3%, respectively). Nine percent of the
geriatric diabetic population reported
having weak/failing kidneys in the NHIS
2009–2010 (Figure 16.9, Appendix 16.8).
Increasing age was associated with higher
rates of weak/failing kidneys among the
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FIGURE 16.7. Cardiovascular Complications Among Adults Age ≥60 Years With Diabetes, by
Age, U.S., 2009–2010
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Other Heart
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Data are self-reported. Error bars represent 95% confidence intervals.
SOURCE: National Health Interview Surveys 2009–2010

FIGURE 16.8. Microvascular Complications Among Adults Age ≥65 Years, by Diabetes
Status, U.S., 2005–2010
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No diabetes
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Non-Proliferative

Retinopathy,
Proliferative

Microalbuminuria†

Decreased
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Diabetes status is self-reported. Error bars represent 95% confidence intervals.
* Retinopathy detected by non-mydriatic digital fundus photography. Based on 2005–2008 data.
† Microalbuminuria defined as albumin-to-creatinine ratio 30–300 mg/g. Based on 2007–2010 data.
‡ Decreased kidney function based on estimated glomular filtration rate (eGFR) <60 mL/min/1.73 m2 determined
using the CKD-EPI equation and serum creatinine.
1 Estimate is too unreliable to present; ≤1 case or relative standard error >50%.
SOURCE: National Health and Nutrition Examination Surveys 2005–2010

geriatric diabetic population in the NHIS
2009–2010 (Figure 16.9, Appendix 16.8).
According to the National Hospital
Discharge Survey and the NHIS, in 2008,
diabetes-related nontraumatic lower
extremity amputation rates were highest
16–8

among adults age ≥75 years compared to
adults age 40–64 years and 65–74 years
(6.2 vs. 3.2 and 4.9, respectively, per
1,000 persons with diabetes) (20). From
1996 to 2008, the rates of amputation
declined significantly among the U.S.

diabetic population, especially for those
age ≥75 years (20).

GERIATRIC CONDITIONS
In addition to the traditional cardiovascular and microvascular complications,
the presence of diabetes increases the
risk of many geriatric conditions. Much
of the previously published data on geriatric conditions in this section are from
the Study of Osteoporotic Fractures, a
multicenter, longitudinal observational
study of 9,654 older community-dwelling
women that began in 1986. This cohort
was established to collect prospective
data on osteoporosis and collected data
every 2 years for 20 years. The remaining
data in this section come from new analyses for Diabetes in America. Prevalence
estimates of geriatric conditions are likely
underestimated since they may not fully
account for conditions that are difficult to
measure, such as cognitive dysfunction,
depression, and functionality.

Falls
Risk for injurious falls is greater among
older women with diabetes compared to
their nondiabetic counterparts. Previous
research found that women with diabetes
had a higher risk of falls (odds ratio
[OR] 1.38, 95% confidence interval [CI]
1.04–1.81) and multiple falls (OR 1.69,
95% CI 1.18–2.43) compared to women
without diabetes (21). This increased risk
of falls is associated with increased rates
of fractures. In the Study of Osteoporotic
Fractures, diabetes was associated with
an 82% increased risk of hip fracture
and a 94% increased risk of proximal
humerus fracture. Treatment with
insulin was associated with a two times
greater risk of foot fractures (22), likely
because insulin treatment indicated more
advanced diabetes. Reduced vibration
perception, as a measure of peripheral
neuropathy, has been suggested to be
an important risk factor for falling (23). It
has not been established whether older
men with diabetes also have a greater risk
of falls. More information about falls and
fractures among persons with diabetes
is provided in Chapter 32 Bone and Joint
Complications in Diabetes.
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TABLE 16.7. Microvascular Complications Among Adults Age ≥65 Years, by Diabetes
Status, U.S., 2005–2010
PERCENT (STANDARD ERROR)
MICROVASCULAR COMPLICATIONS

Diabetes

No Diabetes

34.7 (2.40)
32.0 (2.45)
2.7 (0.52)

8.9 (0.75)
8.9 (0.75)

Microalbuminuria†

30.0 (2.51)

15.3 (1.12)

Decreased kidney function‡

39.7 (2.94)

27.3 (0.69)

Retinopathy*
Non-proliferative
Proliferative

1

Diabetes status is self-reported.
* Retinopathy detected by non-mydriatric digital fundus photography. Based on 2005–2008 data.
† Microalbuminuria defined as albumin-to-creatinine ratio 30–300 mg/g. Based on 2007–2010 data.
‡ Decreased kidney function based on estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 determined
using the Chronic Kidney Disease Epidemiology Collaboration equation and serum creatinine.
1 Estimate is too unreliable to present; ≥1 case or relative standard error >50%.
SOURCE: National Health and Nutrition Examination Surveys 2005–2010

FIGURE 16.9. Microvascular Complications Among Adults Age ≥60 Years With Diabetes, by
Age, U.S., 2009–2010
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Data are self-reported. Error bars represent 95% confidence intervals.
SOURCE: National Health Interview Surveys 2009–2010

TABLE 16.8. Urinary Incontinence Among Adults Age ≥60 Years, by Diabetes Status, U.S.,
2007–2010
DIABETES
Urinary incontinence

NO DIABETES

N

Percent (SE)

N

Percent (SE)

545

31.7 (2.09)

1,847

21.5 (1.31)

Urinary incontinence is defined as self-reported leakage ≥1 time per week. Diabetes status is self-reported. SE, standard error.
SOURCE: National Health and Nutrition Examination Surveys 2007–2010

TABLE 16.9. Urinary Incontinence Among Adults Age ≥60 Years With Diabetes, by Age,
U.S., 2007–2010
AGE (YEARS)
60–69
Urinary incontinence

70–79

≥80

N

Percent (SE)

N

Percent (SE)

N

Percent (SE)

282

27.3 (3.60)

180

34.7 (4.51)

83

41.4 (6.30)

Urinary incontinence is defined as self-reported leakage ≥1 time per week. Diabetes status is self-reported. SE, standard error.

Urinary Incontinence
According to Diabetes in America analysis
of NHANES 2007–2010 data, urinary
incontinence, defined by self-reported
leakage at least once per week, was more
prevalent in adults age ≥60 years with
diabetes in comparison with those without
diabetes (31.7% vs. 21.5%) (Table 16.8).
The prevalence of urinary incontinence
increases with age among persons with
diabetes (Table 16.9).

Chronic Pain
Among geriatric conditions, chronic pain
is highly prevalent and seriously impacts
health-related quality of life in older adults
with diabetes (2). Additionally, older adults
with diabetes are at higher risk for chronic
pain compared to older nondiabetic
adults, possibly due to their increased risk
of peripheral neuropathy (13,24) and a
decrease in pain tolerance from hyperglycemia (25). According to new Diabetes in
America analyses of data from the NHIS
2009–2010, chronic pain was reported
more frequently by adults age ≥65 years
with diabetes compared to those without
diabetes (Table 16.10). Chronic pain was
reported in 4.5%–56.9% of older adults
with diabetes, depending on the site of
pain. For example, joint pain within the
past 30 days was present in 56.9% of
older adults with diabetes, and lower back
pain within the past 3 months was present
in 38.4%. The prevalence of chronic pain
was higher among adults age 60–69
years compared to those age 70–79 years
and ≥80 years (Figure 16.10, Appendix
16.9).

Depression
Depression is highly prevalent among the
geriatric diabetic population (14,26,27).
The Study of Osteoporotic Fractures found
that diabetes increased the odds of a
trajectory of persistently high depressive
symptoms by threefold (28). Depressive
symptoms, defined based on the K6+
questionnaire, were 73% more frequent
in adults age ≥65 years with diabetes
compared to those without diabetes (3.3%
vs. 1.9%) in a new analysis of NHIS 2009–
2010 data. The prevalence of depressive
symptoms decreased with age and was
twice as great among adults with diabetes

SOURCE: National Health and Nutrition Examination Surveys 2007–2010
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TABLE 16.10. Chronic Pain Among Adults Age ≥65 Years, by Diabetes Status, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
SITE OF CHRONIC PAIN

Diabetes

No Diabetes

Joint pain, past 30 days

56.9 (1.35)

48.4 (0.68)

Pain in neck, past 3 months

18.2 (0.97)

13.8 (0.45)

Lower back pain, past 3 months

38.4 (1.33)

30.1 (0.66)

Facial/jaw ache, past 3 months

4.5 (0.48)

3.1 (0.23)

Migraine/headache, past 3 months

10.0 (0.76)

5.4 (0.30)

Data are self-reported.
SOURCE: National Health Interview Surveys 2009–2010

FIGURE 16.10. Chronic Pain Among Adults Age ≥60 Years With Diabetes, by Age, U.S.,
2009–2010
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Data are self-reported. Error bars represent 95% confidence intervals.

Further, after 3–6 years of follow-up, they
experienced accelerated cognitive decline
and had increased odds of major cognitive
decline. Women with diabetes duration
>15 years had a 57%–114% greater risk
of major cognitive decline compared to
women without diabetes.

Sarcopenia and Frailty
Sarcopenia describes the age-associated
declines in lean body mass commonly seen
in older adults. Frailty is a broader term
that encompasses sarcopenia, as well as
age-associated declines in strength, endurance, balance, walking performance, and
activity (33). Older adults with diabetes
have a greater risk of sarcopenia (34) and
frailty (33) than those without diabetes. A
study of community-dwelling older women
found that diabetes was associated with an
increased risk of being prefrail and frail (35).
Unintentional weight loss in older adults is
associated with increased risk of morbidity
and mortality (36). The association
between weight loss and mortality is more
pronounced in the diabetic population. In
the Rancho Bernardo Study of >1,000 older
men and women from 1972–1987, weight
loss of ≥10 pounds over a 10-year period
was associated with 3.66 and 1.65 times
greater risks of death in men and women
with diabetes compared to 1.38 and 1.76
times greater risks of death among men and
women without diabetes, respectively (37).

SOURCE: National Health Interview Surveys 2009–2010

Polypharmacy
TABLE 16.11. Depression Among Adults Age ≥60 Years With Diabetes, by Age, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
Depression

60–69

70–79

≥80

6.2 (0.81)

3.6 (0.72)

3.1 (0.84)

Depression is based on the K6+ questionnaire (cutpoint at 12 [range 0–24]). Diabetes status is self-reported.
SOURCE: National Health Interview Surveys 2009–2010

age 60–69 years (6.2%) compared to
adults with diabetes age ≥80 years
(3.1%) (Table 16.11). The relationship
between diabetes and depression is
discussed in Chapter 33 Psychiatric and
Psychosocial Issues Among Individuals
Living With Diabetes.
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Cognitive Impairment
Diabetes is associated with cognitive
impairment in older adults (29,30,31), as
described in Chapter 24 Diabetes and
Cognitive Impairment. In the Study of
Osteoporotic Fractures, older women with
diabetes performed significantly worse
on cognitive function tests compared
to older women without diabetes (32).

Polypharmacy is a particularly challenging aspect of caring for older adults
with diabetes, since they often require
multiple medications to optimally manage
their diabetes and associated conditions. Although multiple medications are
unavoidable in some patients to achieve
glycemic control and to adequately control
cardiovascular risk factors, a focus on
appropriate prescribing, interventions to
increase regimen adherence, and assessment of financial feasibility are crucial
to successful care in this population.
On average, patients with diabetes are
prescribed four diabetes-related medications (38). Older adults with diabetes are
at greater risk for drug side effects and
drug-drug interactions. For example, polypharmacy is associated with an increased

Diabetes in Older Adults

risk of falls in the geriatric diabetes population, ranging from 1.22 to 1.59 times
increased risk, compared to when patients
are prescribed zero or one medication
(39). Chapter 39 Medication Use and SelfCare Practices in Persons With Diabetes
provides more information on the use of
medications to treat diabetes and associated complications.

COMORBID DISEASES
Diabetes frequently co-occurs with other
medical conditions, including those that
represent complications of the disease.
According to U.S. Medicare data, in 1999,
nearly 60% of older adults with diabetes
had at least one comorbid chronic disease
(40,41), and as many as 40% had four or
more comorbid diseases (42). A study
using data from the NHANES 1999–2004
described the comorbid prevalence of five
major chronic diseases (arthritis, coronary
heart disease, chronic lower respiratory
tract disease, cerebrovascular accident,
and diabetes) in older men and women
(Table 16.12) (43,44). In 39% of men and
38% of women, diabetes occurred with
one comorbid disease. In 18% of men and
27% of women, diabetes occurred with
two comorbid diseases; diabetes occurred
with three comorbid conditions in 3% of
men and 10% of women. Eight different
combinations of diabetes and comorbid
conditions were identified among the five
chronic diseases studied.
MORTALITY RATES
According to data from the NHANES I
1971–1975, adults age 65–74 years with
diabetes had a 50% higher mortality
rate than those without diabetes during
a 22-year follow-up (45). Diabetes also
increases the risk of cardiovascular
mortality. Data from the Nurses’ Health
Study, a longitudinal cohort of 121,700
registered nurses established in 1976,
found that diabetes was associated with
about a fivefold increased risk of coronary heart disease death among women
age ≥65 years. Additionally, in this study,
women with diabetes and coronary heart
disease had an 18-fold increased risk
of coronary heart disease death among
women age ≥65 years. Mortality rates for
older adults with diabetes have declined

TABLE 16.12. Prevalence of Comorbid Disease Patterns in Adults Age ≥65 Years With
Diabetes, by Sex, U.S., 1999–2004
PERCENT (WEIGHTED N)
Men
(Weighted N=2,592,800)

Women
(Weighted N=3,426,500)

Diabetes only

27 (703,120)

17 (585,280)

One comorbid condition
Arthritis
CHD
CLRT
CVA

21 (545,260)
11 (285,080)
4 (110,890)
3 (82,780)

31 (1,049,700)
4 (135,540)
3 (97,480)
0

Two comorbid conditions
Arthritis and CHD
Arthritis and CLRT
Arthritis and CVA

12 (313,310)
3 (83,450)
3 (79,260)

13 (454,630)
11 (369,870)
3 (98,590)

3 (79,420)
0

4 (123,310)
6 (192,380)

COMORBID DISEASE

Three comorbid conditions
Arthritis, CHD, and CVA
Arthritis, CHD, and CLRT

Data are self-reported. CHD, coronary heart disease; CLRT, chronic lower respiratory tract disease; CVA, cerebrovascular accident
SOURCE: Reference 43

over time. Comparing the NHIS data from
1997–1998 and 2003–2004, rates of
death from cardiovascular disease (CVD)
have declined by 19.7 deaths per 1,000
person years (multivariate hazard risk ratio
[HRR] 0.57, 95% CI 0.44–0.76), and rates
of death from all-cause mortality have
declined by 33.0 deaths per 1,000 person
years (HRR 0.77, 95% CI 0.65–0.90)
(both p<0.001) among older adults with
diabetes (46).

QUALITY OF LIFE
Among older adults with diabetes, quality
of life is a particularly important outcome
because many of these patients may not
survive the approximately 10 years necessary to benefit from intensive glycemic
control (47). Diabetes is associated with
lower quality of life among all adults,
including older adults (48). For example,
among older Mexican Americans, diabetes
was associated with lower physical
health-related quality of life but not mental
health-related quality of life (49). Quality
of life is affected to similar degrees by
geriatric conditions as by diabetic complications in older adults with diabetes (2).
FUNCTIONAL STATUS
Diabetes substantially increases the risks
of functional impairment, as described in
Chapter 34 Diabetes and Disability, which
is a particularly prominent issue among

older adults (50,51). In the NHANES III,
among 6,588 community-dwelling adults
age ≥60 years, diabetes was associated
with twofold to threefold increased odds
of functional disability, such as not being
able to walk one-fourth of a mile, climb
stairs, or do housework, and a 3.6-fold
increased risk of not being able to do all
three tasks (52). In the NHIS 2009–2010,
functional status was measured by asking
whether participants needed help with
Instrumental Activities of Daily Living
(IADLs), such as household chores, shopping, doing necessary business, or getting
around for other purposes for routine
activities, and by asking how difficult
specific activities were. In new analyses of
these data for Diabetes in America, adults
age ≥65 years with diabetes reported that
they needed help with IADLs 60% more
often than those without diabetes (Table
16.13). About two-thirds (66.7%) of the
U.S. geriatric diabetes population in the
NHIS 2009–2010 reported difficulty with
at least one functional status activity (e.g.,
walking, climbing, stooping) compared to
59.7% of those without diabetes. Among
women, diabetes has been associated
with significantly more difficulty with
most IADLs and Activities of Daily Living
(e.g., bathing, toileting, transferring, etc.),
including walking two to three blocks,
lifting 10 pounds, using the telephone,
and bathing (range of OR 1.5–2.8, all
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TABLE 16.13. Functional Status of Adults Age ≥65 Years, by Diabetes Status, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
FUNCTIONAL STATUS

Diabetes

No Diabetes

Difficulty with IADLs*

18.1 (0.95)

11.0 (0.95)

Difficulty ≥1 functional status†
Difficulty walking
Difficulty climbing
Difficulty standing
Difficulty sitting
Difficulty stooping
Difficulty reaching
Difficulty grasping
Difficulty carrying 10 lbs
Difficulty pushing heavy objects
Difficulty shopping
Difficulty engaging in social activities
Difficulty relaxing

66.7 (1.25)
40.8 (1.33)
32.3 (1.23)
44.9 (1.31)
12.8 (0.81)
48.1 (1.20)
17.3 (1.02)
13.9 (0.92)
25.0 (1.19)
30.1 (1.23)
21.4 (1.05)
17.2 (1.00)
5.2 (0.57)

59.7 (1.58)
35.6 (1.67)
28.2 (1.53)
41.2 (1.61)
16.4 (1.18)
44.1 (1.61)
16.0 (1.10)
14.4 (1.14)
21.3 (1.29)
26.6 (1.53)
19.7 (1.38)
13.9 (1.11)
5.3 (0.67)

Diabetes status is self-reported. IADL, Instrumental Activity of Daily Living.
* Difficulty with IADL: self-reported need for help with routine needs, such as household chores, shopping, doing
necessary business, or getting around for other purposes.
† Functional status: limitation is defined as a report of the activity being somewhat difficult, very difficult, or cannot
do at all.
SOURCE: National Health Interview Surveys 2009–2010

TABLE 16.14. Functional Status of Adults Age ≥60 Years With Diabetes, by Age, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
FUNCTIONAL STATUS

60–69

70–79

≥80

Difficulty with IADLs*

11.0 (0.95)

14.5 (1.29)

32.7 (2.40)

Difficulty ≥1 functional status†
Difficulty walking
Difficulty climbing
Difficulty standing
Difficulty sitting
Difficulty stooping
Difficulty reaching
Difficulty grasping
Difficulty carrying 10 lbs
Difficulty pushing heavy objects
Difficulty shopping
Difficulty engaging in social activities
Difficulty relaxing

59.7 (1.58)
35.6 (1.67)
28.2 (1.53)
41.2 (1.61)
16.4 (1.18)
44.1 (1.61)
16.0 (1.10)
14.4 (1.14)
21.3 (1.29)
26.6 (1.53)
19.7 (1.38)
13.9 (1.11)
5.3 (0.67)

66.6 (1.75)
38.8 (1.82)
30.4 (1.75)
41.6 (1.86)
12.3 (1.10)
47.9 (1.83)
16.5 (1.43)
13.1 (1.43)
21.4 (1.57)
28.0 (1.78)
18.3 (1.46)
15.5 (1.36)
5.1 (0.85)

76.5 (2.04)
54.0 (2.61)
43.2 (2.64)
57.9 (2.78)
13.6 (1.82)
54.6 (2.56)
23.7 (2.23)
17.6 (1.66)
38.5 (2.54)
42.0 (2.43)
32.9 (2.36)
26.0 (2.48)
7.5 (1.46)

p<0.01). The relationships between
diabetes and disability may possibly be
mediated by neuropathy and peripheral
vascular disease (53). Functional disability
may occur with the same frequency
between older and middle-aged adults
with diabetes (54).
Functional impairment varies greatly by
type of activity. The percentage reporting
difficulties varies widely depending
on the activity; for example, only 5.2%
reported difficulty relaxing, while 48.1%
reported difficulty stooping. Functional
impairment also varies by age group,
with the oldest patients having the
highest prevalence of impairment. Nearly
one-third (32.7%) of adults with diabetes
age ≥80 years had difficulty with one
IADL, and over three-quarters (76.5%)
had difficulty with at least one functional
status activity (Table 16.14). Up to 85%
of the excess odds of disability associated with diabetes have been attributed
to comorbidities, especially CVD and
obesity, and poor glycemic control (A1c
≥8.0% [≥64 mmol/mol]). The associations of diabetes with disability in the
geriatric diabetes population are fully
attenuated by adjustment for comorbidities, A1c, and diabetes duration (55).

Diabetes status is self-reported. IADL, Instrumental Activity of Daily Living.
* IADL: self-reported need for help with routine needs, such as household chores, shopping, doing necessary business, or getting around for other purposes.
† Functional status: limitation is defined as a report of the activity being somewhat difficult, very difficult, or cannot
do at all.
SOURCE: National Health Interview Surveys 2009–2010

PREVENTING DIABETES
In addition to the high rates of diabetes
in the older adult population, nearly half
of the geriatric population met criteria for
prediabetes (Table 16.3). Because of the
size of the older adult prediabetic population, the importance of preventing the

16–12

progression of diabetes in the older adult
population is paramount.
The Diabetes Prevention Program (DPP) is
the largest trial that has evaluated the role
of lifestyle interventions and medications
in preventing diabetes. The overall study

enrolled >3,000 adults, about 20% of
whom were age ≥60 years (56). The mean
age of adults age ≥60 years in the DPP
was 66.4 years and ranged from 60 to
85 years. The study population had good
representation among older adults in
their mid-sixties but far less participation
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from adults age ≥70 years. This study
found reductions in the incidence of
diabetes with the lifestyle intervention and
metformin treatment after 2.8 years of
follow-up. The reductions with the lifestyle
intervention were largest for adults age
≥60 years compared to adults age 25–44
years and 45–59 years (71% vs. 48%

and 59%, respectively). Interestingly, the
oldest adults did not experience reductions in diabetes incidence with metformin,
while younger subjects did (57). Ten-year
follow-up data from the DPP provided
evidence for the persistent benefits of the
lifestyle intervention compared to drug
therapy in older adults (58), as well as

secondary benefits of the lifestyle intervention, including reductions in urinary
incontinence (59) and improvements in
quality of life (60).
The reader may obtain additional information on this topic in Chapter 38 Prevention
of Type 2 Diabetes.

PREVENTING COMPLICATIONS OF DIABETES
PREVENTING CARDIOVASCULAR
AND MICROVASCULAR
COMPLICATIONS
Glucose Control
In the past, clinical trials of diabetes
therapies, such as the United Kingdom
Prospective Diabetes Study (UKPDS),
systematically excluded adults age
>65 years. Subsequent major clinical
trials, such as ACCORD (Action to
Control Cardiovascular Risk in Diabetes),
ADVANCE (Action in Diabetes and
Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation), and VADT
(Veterans Affairs Diabetes Trial), included
adults age ≥65 years but did not include
significant numbers of participants age
>75 years. In addition, these clinical trials
excluded older adults with significant functional impairment or comorbid illnesses.

(A1c <6.0% [<42 mmol/mol]) or standard
therapy (A1c 7.0%–7.9% [53–63 mmol/
mol]) (63). The mean age was 62 years,
and median duration of diabetes was
10 years. The intensive therapy group
achieved a median A1c level of 6.4% (46
mmol/mol), and the standard therapy
group achieved a median A1c level of 7.5%
(58 mmol/mol). The trial was ended after
a mean follow-up of 3.5 years, because
the intensive therapy group had a higher
mortality rate than the standard therapy
group (hazard ratio [HR] 1.22, 95% CI
1.01–1.46). Subjects age ≥65 years had
no higher risk of cardiovascular events or
overall mortality than subjects age <65
years. In prespecified subgroup analyses,
increased age was significantly associated
with a higher risk of severe hypoglycemia
(64).

The UKPDS provided valuable evidence
for the benefits of glycemic control on
reducing the risk of microvascular complications; however, the study enrolled
middle-aged subjects with newly diagnosed type 2 diabetes and excluded those
age >65 years at the time of enrollment
(47,61). During the post-trial follow-up,
as participants entered the geriatric age
range, the benefits of intensive glycemic
control on microvascular complications
persisted, and benefits for reducing
mortality and myocardial infarctions
emerged (62).

In contrast to the ACCORD trial, the
ADVANCE study did not show excessive
deaths due to intensive glycemic control
and showed some reduction in microvascular disease from intensive glucose
control (65). ADVANCE included participants with type 2 diabetes age ≥55 years
and randomized them to intensive glucose
control (A1c <6.5%) or standard glucose
control. Participants were required to have
a history of major macrovascular or microvascular disease or at least one risk factor
for vascular disease. Their mean age was
66 years, and median duration of diabetes
was about 8 years. The intensive therapy
and standard therapy groups in ADVANCE
achieved mean A1c levels of 6.5% and
7.3% (56 mmol/mol), respectively, at 5
years of follow-up. The intensive glucose
therapy group had a 10% relative reduction in the combined outcome of major
macrovascular and microvascular events,
mostly due to a 21% relative reduction in

Following the UKPDS, the ACCORD,
ADVANCE, and VADT trials studied
glycemic control for preventing CVD
events in high-risk middle-aged and older
adults with type 2 diabetes. The ACCORD
trial enrolled subjects with diabetes age
40–79 years and randomly assigned
them to intensive glucose control therapy

nephropathy. In prespecified subgroup
analyses, no difference in major macrovascular and microvascular events was
observed between participants age <65
years and those age ≥65 years.
While the ADVANCE study suggested
benefit of intensive glucose control on
microvascular events, the VADT showed
no benefits from intensive glucose control.
The VADT randomized 1,791 veterans to
intensive glucose control (to achieve an
absolute reduction of 1.5% in A1c) versus
standard control (66). Participants’ mean
age was 60.4 years and mean duration
of diabetes was 11.5 years; 40% had a
history of CVD. The intensive therapy
group achieved a median A1c of 6.9%
(52 mmol/mol), and the standard therapy
group achieved a median A1c of 8.4% (68
mmol/mol). The VADT found no significant
differences in major cardiovascular events,
death, or microvascular events between
the two groups after a median follow-up
of 5.6 years. In post hoc analyses, adults
with diabetes duration >20 years had an
increased risk for cardiovascular events
with intensive therapy (67).
Since the geriatric diabetic population
has been largely excluded from trials,
data from epidemiologic studies on the
relationship between glycemic control and
complications are relevant. In adults age
≥50 years with type 2 diabetes from the
U.K. General Practice Research Database,
both low and high A1c values were associated with increased all-cause mortality
and cardiac events (68). In a large retrospective cohort study of 71,092 patients
with type 2 diabetes age ≥60 years, the
risk of any nonfatal complication rose
linearly for A1c >6.0%, but mortality had a
U-shaped relationship with A1c. Mortality
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risk was lower for A1c levels between 6.0%
and 9.0% (75 mmol/mol) (adjusted HR
0.83) and higher for A1c levels ≥11.0%
(≥97 mmol/mol) (adjusted HR 1.31)
compared to those with A1c <6.0%. Age
did not affect this U-shaped relationship
between mortality and A1c (69).
Based on a new analysis of NHANES
2005–2008 data conducted for Diabetes
in America, sulfonylureas (41.2%) and
non-sulfonylureas (i.e., metformin) (43.4%)
were the oral agents most commonly used
for glucose control among older adults
with diabetes (Table 16.15). A smaller but
substantial proportion of older adults with
diabetes used alpha-glucosidase inhibitors
(18.5%) and thiazolidinediones (20.5%).
More information on medication use for
diabetes is provided in Chapter 39.

Blood Pressure Control
Multiple trials have studied the importance
of blood pressure control in patients
with diabetes. Evidence is consistent for
the benefits of lowering SBP to <150
mmHg for older adults with diabetes
(70). However, evidence for lower blood
pressure targets is less clear. The UKPDS
aimed to lower blood pressure to <150/85
mmHg versus <180/105 mmHg (71). The
intervention group achieved a mean blood
pressure of 144/82 mmHg compared to
154/87 mmHg in the control group and
had a decreased risk of microvascular
disease, mostly due to reductions in risks
for retinal photocoagulation and aggregate macrovascular endpoints (e.g., 44%
reduction in stroke and 49% reduction in
peripheral vascular disease). The Systolic
Hypertension in the Elderly Program
(SHEP) evaluated the effectiveness of
stepwise hypertension management in
adults age ≥60 years to a goal of <160
mmHg, if their baseline SBP was ≥180
mmHg, or a goal of decreasing SBP by
≥20 mmHg (70). Older adults with type 2
diabetes in the intervention arm had a
lower blood pressure on average (-9.8/2.2
mmHg) and had a 34% reduction in
5-year major CVD events compared to the
placebo arm.
Studies subsequent to the UKPDS and SHEP
evaluated the effectiveness of lower blood
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TABLE 16.15. Oral Diabetes Medication Use Among Adults Age ≥65 Years With Diabetes,
U.S., 2005–2008
ORAL DIABETES MEDICATION

PERCENT (STANDARD ERROR)

Sulfonylureas

41.2 (2.28)

Non-sulfonylureas

43.4 (3.50)

Alpha-glucosidase inhibitors

18.5 (2.11)

Thiazolidinediones

20.5 (1.95)

Miscellaneous*

1.6 (0.56)1

Combinations

5.5 (1.10)

Data are self-reported.
* Miscellaneous includes meglitinides, exenatide, pramlintide.
1 Relative standard error >30%–40%
SOURCE: National Health and Nutrition Examination Surveys 2005–2008

pressure goals, but have been conflicting.
The ADVANCE study randomized participants to a fixed combination of perindopril
and indapamide or placebo. Initial blood
pressure levels were 145/81 mmHg in both
study arms (72). After a mean follow-up of
4.3 years, the intervention arm had a mean
reduction in blood pressure by 5.6/2.2
mmHg compared to placebo and a relative
risk of major macrovascular or microvascular
events by 9%. Studies that have evaluated
even lower blood pressure targets have
not shown benefits of control at <130/80
mmHg. A subgroup analysis of the INVEST
trial (International Verapamil SR-Trandolapril
Study), which included adults age ≥50
years with diabetes and coronary artery
disease, found that tight SBP control
(SBP <130 mmHg) was not associated
with improved cardiovascular outcomes
compared with usual control (SBP 130–140
mmHg) (73). The ACCORD-BP trial did
not show benefits from lowering to SBP
<120 mmHg compared to <140 mmHg
for major adverse cardiovascular events
(74). Additionally, results from the VADT trial
suggested that diastolic blood pressure <70
mmHg may be associated with an increase
in cardiovascular events (75).

Lipid Control
Several studies in middle- and olderaged adults with and without diabetes
have established the benefits of statin
therapy in older adults with diabetes. In
a clinical trial of adults age 70–82 years
with a history of or high risk for vascular
disease, participants were randomized
to pravastatin or placebo and followed
for about 3 years. Participants who

received pravastatin had a 34% reduction
in their LDL cholesterol levels and a 15%
decreased risk of CVD events (76). A
meta-analysis of 18,686 subjects with
diabetes from 14 trials of statin therapy
for primary prevention found similar 20%
reductions in major vascular events from
a 1.0 mmol/L reduction in LDL cholesterol
among adult age groups (<65, 65–75, and
>75 years) (77). Additionally, the Heart
Protection Study found that simvastatin
therapy was associated with a highly
significant 33% proportional reduction in
first major vascular events, regardless of
diabetes status or age <65 or ≥65 years
(78).
In contrast to the strong evidence for
statin therapy, other agents, like fenofibrate, have no evidence of benefit. In the
ACCORD lipid trial, adding fenofibrate to
statin therapy had no cardiovascular benefits for adults age <65 or ≥65 years (79).
Also, the Fenofibrate Intervention and
Event Lowering in Diabetes study of adults
age 50–75 years with type 2 diabetes
reported reductions in total cardiovascular
events overall, but no benefits were seen
in adults age ≥65 years (80).

Multifactorial Control
Evidence exists for the benefits of a
target-driven approach to reducing
cardiovascular morbidity in patients
with type 2 diabetes. The Steno-2 Study
compared the effects of intensive
stepwise treatment of hyperglycemia,
hypertension, dyslipidemia, and microalbuminuria and secondary prevention
of CVD with aspirin compared to usual
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care (81). The mean age of patients was
55.1 years and mean follow-up was 7.8
years. Patients with intensive therapy had
a significantly lower risk of CVD, nephropathy, retinopathy, autonomic neuropathy,
and mortality. It is unknown whether such
a multifactorial approach has similar benefits in older adults with diabetes.

routine screening for depression should
be considered in older adults (98). Since
depression can present atypically in older
adults, using geriatric-specific screening
tools, like the Geriatric Depression Scale,
may enhance screening and allow earlier
identification and subsequent treatment of
depression (99).

PREVENTING GERIATRIC
CONDITIONS
While several studies have examined
strategies to prevent macrovascular and
microvascular complications of diabetes,
fewer studies have addressed the prevention of geriatric conditions in older adults
with diabetes.

Dementia
Dementia or cognitive impairment is a
sentinel condition for diabetes because
it affects background mortality and
changes the extent to which patients
are able to care for themselves (100),
as discussed in Chapter 24. While
dementia poses a significant challenge
to self-management, evidence for how
to prevent dementia is scant. A major
study on diabetes and dementia, the
ACCORD-MIND trial, found no benefits
from intensive glucose control or blood
pressure control on improving cognitive
outcomes compared to standard therapy
(101). However, the harms from cognitive
dysfunction in older adults with diabetes
are well known. Cognitive impairment is
associated with poor glycemic control
(102). The relationship between hypoglycemia and cognitive dysfunction
may be bidirectional, with cognitive
impairment increasing the risk for future
hypoglycemia (103) and past severe
hypoglycemia increasing the incidence
of dementia (104,105). Additionally, the
development of dementia is significantly
associated with the presence of diabetes
(92,93). A high index of suspicion for
cognitive impairment should be present
when evaluating older adults with
diabetes. Worsening cognitive function
should be suspected in older patients
who develop nonadherence, frequent
hypoglycemia, or sudden deterioration of
glycemic control. Screening for cognitive
dysfunction with practical clinical tools,
such as the Mini-cog, is recommended
for all older patients with diabetes (106).

Falls
The increased risk of falls in older adults
with diabetes is attributable to a combination of factors, such as frailty/sarcopenia,
gait/balance abnormalities, loss of vision
and/or hearing, and osteoarthritis, along
with the diabetes-related complications
of neuropathy, retinopathy, polypharmacy
(four or more prescription medications),
and hypoglycemia (39). While good
glycemic control prevents progression of
neuropathy and retinopathy, the trade-off
of polypharmacy or hypoglycemia may
increase the risk of falls. Therefore, regular
assessments of fall-risk in older patients
with diabetes are important. Several
strategies for preventing falls have proven
effective, including vitamin D therapy (82)
and gait- and balance-focused exercise
programs (83,84).

Depression
Depression has a significant impact on
the mortality and quality of life in older
adults with diabetes and is associated
with significant societal health care costs
(85,86,87). Depression is associated
with poor diabetes self-care, including
deficits in healthy eating, exercise, and
medication adherence (88,89,90).
Additionally, depression is associated
with an increased risk of poor glycemic
control (91), dementia (92,93), and
mortality (94,95,96) in diabetic patients.
Because of the prevalence of depression
in older adults with diabetes (87,97)
and the great burden of depression (2),

Polypharmacy
The older adult diabetes population is
at high risk for polypharmacy and has
increased susceptibility to the side effects
of medications. For example, the risk
of hypoglycemia among adults age ≥65

years using insulin or sulfonylurea was
highest among adults age >80 years (relative risk 1.8, 95% CI 1.4–2.3) compared
with adults age 65–70 years (107).
However, comprehensive diabetes care
is strongly tied to increasing prescription
medications, as diabetes and its complications progress over time (108). Thus, the
trade-offs between the potential benefits
and risks of adding new diabetes-related
and other medications for older patients
with diabetes should be carefully weighed.

Intensive Control in Older Adults
With Functional Impairment
and/or Comorbidity
The geriatric diabetes population is at
greater risk for death due to diabetes
and comorbidity, and this increased risk
affects the potential benefit of intensive
glycemic control. A decision analytic study
compared the projected health benefits
of moderate glucose control (A1c <7.9%)
and intensive glucose control (A1c <7.0%)
for hypothetical older patients of varying
ages, durations of diabetes, and risks of
mortality (109). Risk for mortality in 4
years was estimated based on functional
impairment and comorbid illness (110).
This study found that the estimated benefits of glucose control steadily declined
as the 4-year mortality risk increased,
highlighting the importance of competing
mortality and life expectancy estimates
in the care of older patients with diabetes.
An observational study of 3,074 patients
with type 2 diabetes confirmed these
results (111). These patients were categorized into high and low-to-moderate
comorbidity groups at baseline and
observed for 5 years. During follow-up,
only patients in the low-to-moderate
comorbidity group with baseline A1c
levels ≤6.5% had a lower 5-year incidence
of cardiovascular events (adjusted HR
0.60, 95% CI 0.42–0.85, p=0.005), while
patients in the high comorbidity group
experienced no significant benefit from
A1c levels ≤6.5%. Similarly, only the
low-to-moderate comorbidity group had
fewer cardiovascular events after attaining
an A1c level ≤7.0% (adjusted HR 0.61, 95%
CI 0.44–0.83, p=0.001). These studies
suggest that moderate glucose targets
may be reasonable in older patients with
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diabetes and limited life expectancy due
to functional impairment and comorbidity.

HYPOGLYCEMIA
Avoidance of hypoglycemia should be an
important consideration before choosing
therapeutic agents and establishing
glycemic goals in older adults. Older frail
adults are at high risk for severe sequelae
of hypoglycemia, even if the hypoglycemia
is mild (104,112,113). Older adults have
more neuroglycopenic manifestations
of hypoglycemia (dizziness, weakness,
delirium, confusion) rather than adrenergic manifestations (tremors, sweating)
typical of middle-aged adults.
Despite the clinical importance of hypoglycemia in older adults, several studies
suggest that many older adults may be
receiving intensive glucose-lowering
treatments that increase the risk of hypoglycemia. A study of Medicare claims from
1999 to 2011 revealed that the risk of
hospitalization due to acute hyperglycemia
has declined, but that the risk of hospitalization due to hypoglycemia increased
by 11.7% (from 94 to 105 admissions
per 100,000 person-years) (114). These
findings suggest that treatments may be
becoming overly aggressive over time. A
separate study within the Veterans Health
Administration specifically examined
the prescribing of agents that increase
the risk of hypoglycemia, namely insulin
secretagogues, such as sulfonylureas
and meglitinides, and all insulins in 2009.
The investigators identified instances of

overtreatment as the use of any of these
agents in patients with A1c levels below
specific thresholds (e.g., <7.0%). Among
adults age ≥75 years who had a serum
creatinine value ≥2.0 mg/dL or a diagnosis of cognitive impairment or dementia
receiving insulin and/or sulfonylureas in
2009, rates of overtreatment were 11.3%
for A1c <6.0%, 28.6% for <6.5%, and
50.0% for <7.0% (115). Despite the lack of
clinical trial data in support of intensive
treatment and despite care guidelines
recommending less intensive goals, it has
been repeatedly found that the oldest
patients with diabetes continue to receive
intensive glucose-lowering treatments,
irrespective of health status. Within the
NHANES 2001–2010, 54.9% of adults age
≥65 years with A1c <7.0% were treated
with either insulin or sulfonylureas, and
this proportion was similar across health
status categories (116).

QUALITY OF CARE STANDARDS
Care of older diabetes patients will likely
be influenced by concepts introduced in
care guidelines during the early 2000s.
In 2003, the California Healthcare
Foundation/American Geriatrics Society
panel published guidelines for improving
the care of older adults with diabetes
(112). A significant proportion of the
recommendations concern geriatric
conditions. Highlights of diabetes-specific
recommendations include A1c targets of
<7.0% in “relatively healthy adults,” while
for those who are frail or with life expectancy <5 years, a less stringent target,

such as 8.0%, is considered appropriate.
The Department of Veterans Affairs and
Department of Defense diabetes guideline
was updated in 2010 (117). This guideline
highlighted the frequency of comorbid
conditions in patients with diabetes and
recommended stratification of glycemic
goals based on comorbidity and life
expectancy. The European Diabetes
Working Party for Older People in 2011
published guidelines for treating people
with diabetes age >70 years (118). These
guidelines recommended that treatments be based on the benefit/risk ratio
of the intervention for the individual
patient with consideration for hypoglycemia, self-management, cognitive
status, and life expectancy. In 2012, the
American Diabetes Association released
a consensus report on the care of older
patients with diabetes (119), which
summarized diabetes epidemiology and
pathogenesis in older adults, evidence
for prevention and treating comorbidities,
guidelines for older adults, individualizing
treatment regimens, consensus recommendations for treatment, and how gaps
in evidence can be filled.
A consistent theme of these guidelines
is the recommendation to pursue an
individualized approach to diabetes care,
focusing on clinical and functional heterogeneity and comorbidities and weighing
the expected timeframe of benefit of interventions against life expectancy.

ECONOMIC CONSEQUENCES OF DIABETES
MEDICARE
In the United States, the vast majority
of adults age ≥65 years have universal
health insurance through the Medicare
program, which was established by
the federal government in 1965. The
Medicare program has two major components: (1) the hospital benefit under Part
A and (2) outpatient medical services
under Part B. Patients have the option of
an open-network single payer health care
plan (traditional Medicare) or a network
plan (Medicare Advantage or Medicare
Part C) where the federal government
16–16

pays for private health coverage. Lastly,
Part D is an outpatient prescription
drug plan. In 1972, the Social Security
Amendments of 1972 extended Medicare
coverage to individuals with end-stage
renal disease in order to provide coverage
for outpatient dialysis. In 1997, the
Balanced Budget Act provided coverage
for blood glucose monitors and testing
strips, in addition to outpatient diabetes
self-management training (120).

COSTS OF DIABETES
Diabetes accounts for an estimated
32% of all Medicare spending. The total
national cost of diabetes in the United
States was estimated at $245 billion in
2012 based on national public and private
data sources (121), as described in depth
in Chapter 40. Government insurance,
including Medicare, Medicaid, and the
military, covered an estimated 62.4% of
diabetes care in 2012. Of this total, an
estimated $104 billion was due to direct
medical costs in adults age ≥65 years.
Approximately 85% of these direct medical
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costs were due to hospital inpatient stays
($48 billion), prescription medications
(excluding diabetes medications) ($19
billion), nursing/residential facility stays
($12 billion), and physician’s office visits
($9 billion) (Figure 16.11).

FIGURE 16.11. Proportion of Health Care Expenditures Attributed to Diabetes Among Adults
Age ≥65 Years, by Service, U.S., 2012
Hospital inpatient

2% 2% 4%
3%

Prescription medications (non-diabetes)

5%

Nursing/residential facility

9%

Aside from the direct costs of diabetes in
older adults, indirect costs for diabetes and
diabetic complications among older adults
are significant. A nationally representative
survey of adults age ≥70 years estimated
the costs associated with informal
caregiving for community-dwelling older
individuals with and without diabetes
(122). This study found that older adults
with diabetes required an average of
10.5–14.4 hours of informal caregiving
per week, compared to only 6.1 hours
per week for those without diabetes
(p<0.01). This time was estimated to be
equivalent to a total cost of $3–$6 billion
per year in the United States.

ANTICIPATED GROWTH IN
SPENDING OVER TIME
As a result of the aging of the U.S. population and the increasing prevalence of
obesity, health care costs associated with

46%

Physician ofﬁce
Diabetes medications (non-insulin)
Emergency department

11%

Hospital outpatient
Insulin
18%

Other*

* Includes home health, diabetic supplies, other equipment and supplies, podiatry, hospice, and ambulance
services.
SOURCE: Reference 121

diabetes have been anticipated to grow
significantly. Forecasting studies have
projected that the number of older individuals with diagnosed diabetes will rise from
6.5 million in 2009 to 14.1 million in 2034
(123). Medicare spending on diabetes
care has been estimated to triple over the
25-year period, from $45 billion in 2009
to $171 billion in 2034.

LIST OF ABBREVIATIONS
A1c. . . . . . . . . .glycosylated hemoglobin
ACCORD . . . . .Action to Control Cardiovascular Risk in Diabetes
ADVANCE . . . .Action in Diabetes and Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation
CI . . . . . . . . . . .confidence interval
CVD . . . . . . . . .cardiovascular disease
DPP . . . . . . . .Diabetes Prevention Program
HR . . . . . . . . . .hazard ratio
HRR . . . . . . . . .hazard risk ratio
IADL. . . . . . . . .Instrumental Activity of Daily Living
INVEST . . . . . .International Verapamil SR-Trandolapril Study
LDL . . . . . . . . .low-density lipoprotein
NHANES . . . . .National Health and Nutrition Examination Survey
NHIS . . . . . . . .National Health Interview Survey
OR . . . . . . . . . .odds ratio
SBP . . . . . . . . .systolic blood pressure
SHEP . . . . . . . .Systolic Hypertension in the Elderly Program (SHEP)
UKPDS. . . . . . .United Kingdom Prospective Diabetes Study
VADT . . . . . . . .Veterans Affairs Diabetes Trial

EFFORTS TO IMPROVE CARE
AND CURB SPENDING
Several national efforts are underway with
the dual purpose of improving care and
curbing spending; however, evidence from
these large-scale experiments is inconclusive. Past and ongoing experiments by
Medicare have included disease management programs, as well as payment
innovation models, such as Accountable
Care Organizations and the Patient
Centered Medical Home (124,125,126).
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APPENDICES
APPENDIX 16.1. Trends in the Percent of Diagnosed Diabetes Among Adults Age ≥60
Years, by Age, U.S., 1997–2010
PERCENT (STANDARD ERROR)
Age (Years)
YEAR

≥65

60–69

70–79

≥80

1997

13.2 (0.50)

13.0 (0.65)

13.2 (0.70)

11.1 (0.88)

1998

13.2 (0.50)

13.1 (0.65)

13.6 (0.66)

11.2 (0.98)

1999

13.2 (0.50)

12.7 (0.65)

14.4 (0.69)

10.5 (0.89)

2000

14.6 (0.52)

14.0 (0.70)

15.8 (0.74)

11.2 (0.92)

2001

15.3 (0.51)

15.2 (0.73)

16.6 (0.81)

12.2 (0.89)

2002

16.0 (0.54)

15.6 (0.68)

17.1 (0.81)

12.5 (0.95)

2003

16.6 (0.62)

15.5 (0.73)

16.9 (0.83)

14.2 (1.06)

2004

17.3 (0.59)

16.2 (0.69)

18.8 (0.91)

13.8 (0.92)

2005

17.0 (0.54)

16.4 (0.72)

18.4 (0.81)

14.2 (0.91)

2006

18.1 (0.72)

17.1 (0.91)

19.8 (1.14)

16.2 (1.22)

2007

18.7 (0.67)

16.9 (0.76)

20.1 (1.09)

15.7 (1.28)

2008

18.5 (0.68)

18.0 (0.87)

19.6 (1.09)

16.1 (1.17)

2009

19.5 (0.71)

17.9 (0.79)

21.1 (1.09)

17.3 (1.21)

2010

21.4 (0.67)

19.2 (0.75)

24.3 (1.09)

18.4 (1.10)

Data are self-reported.
SOURCE: National Health Interview Surveys 1997–2010

APPENDIX 16.2. Trends in the Number (in Millions) of Adults Age ≥60 Years With
Diagnosed Diabetes, by Age, U.S., 1997–2010
NUMBER (IN MILLIONS)*
Age (Years)
YEAR

≥65

60–69

70–79

≥80

1997

4.20

2.52

2.04

0.79

1998

4.24

2.61

2.09

0.81

1999

4.27

2.47

2.30

0.77

2000

4.76

2.76

2.54

0.84

2001

5.00

3.03

2.61

0.96

2002

5.28

3.18

2.69

1.00

2003

5.67

3.37

2.69

1.23

2004

5.99

3.78

2.89

1.28

2005

5.95

3.80

2.89

1.33

2006

6.43

4.12

3.02

1.54

2007

6.74

4.47

3.11

1.50

2008

6.86

4.80

3.09

1.62

2009

7.37

4.97

3.43

1.76

2010

8.28

5.65

3.99

1.86

Data are self-reported.
* National Health Interview Survey weighted estimates.
SOURCE: National Health Interview Surveys 1997–2010
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APPENDIX 16.3. Duration of Diabetes Among Adults Age ≥60 Years, by Age, U.S.,
2009–2010
AGE (YEARS)
DURATION

≥65

60–69

70–79

≥80

Mean years (SE)

14.7 (0.32)

11.6 (0.36)

14.8 (0.43)

17.0 (0.87)

Percent (SE)
<5 years
5–<10 years
≥10 years

23.0 (1.05)
20.4 (1.13)
56.6 (1.25)

29.1 (1.43)
23.5 (1.06)
47.4 (1.59)

21.3 (1.44)
21.4 (1.60)
57.3 (1.68)

21.6 (2.25)
17.9 (2.22)
60.5 (2.51)

Data are self-reported. SE, standard error.
SOURCE: National Health Interview Surveys 2009–2010

APPENDIX 16.4. Body Mass Index Distribution in Adults Age ≥65 Years, by Diabetes
Status, U.S., 2007–2010
PERCENT (STANDARD ERROR)
BMI*

Diabetes

No Diabetes

1

1.8 (0.29)

Underweight
Normal

16.3 (1.42)

29.4 (1.32)

Overweight, not obese

26.9 (2.18)

39.5 (1.45)

Obese

56.4 (2.24)

29.3 (1.06)

Diabetes status is self-reported. BMI, body mass index.
* BMI is calculated based on measured height and weight. Underweight, BMI <18.5 kg/m2; normal, BMI 18.5–
<25 kg/m2; overweight BMI 25–<30 kg/m2; obese, BMI ≥30 kg/m2.
1 Estimate is too unreliable to present; ≥1 case or relative standard error >50%.
SOURCE: National Health Interview Surveys 2009–2010

APPENDIX 16.5. Body Mass Index Distribution Among Adults Age ≥60 Years With
Diabetes, by Age, U.S., 2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
BMI*

60–69

70–79

2

1

0.7 (0.25)

2.1 (0.67)1

Normal

10.7 (0.91)

18.7 (1.42)

36.2 (2.18)

Overweight, not obese

31.4 (1.64)

35.5 (1.62)

38.0 (2.25)

Underweight

≥80

Obese

57.7 (1.73)

45.1 (1.77)

23.7 (1.96)

Overweight or Obese

89.1 (0.92)

80.6 (1.44)

61.7 (2.13)

Diabetes is self-reported. BMI, body mass index.
* BMI is calculated based on self-reported height and weight. Underweight, BMI <18.5 kg/m2; normal, BMI 18.5–
<25 kg/m2; overweight, 25–<30 kg/m2; obese, ≥30 kg/m2; overweight or obese, ≥25 kg/m2.
¹ Relative standard error >30%–40%
2 Estimate is too unreliable to present; ≤1 case or relative standard error >50%.
SOURCE: National Health Interview Surveys 2009–2010
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APPENDIX 16.6. Cardiovascular Complications Among Adults Age ≥65 Years, by Diabetes
Status, U.S., 2007–2010
PERCENT (STANDARD ERROR)
CARDIOVASCULAR COMPLICATIONS

Diabetes

No Diabetes

Congestive heart failure

15.3 (1.75)

5.7 (0.56)

Coronary heart disease

17.6 (1.65)

9.4 (0.68)

Angina

10.4 (1.45)

4.8 (0.67)

Heart attack

15.7 (1.81)

8.5 (0.61)

Any heart condition with angina

34.2 (2.38)

18.0 (0.90)

Any heart condition without angina

31.6 (1.87)

16.1 (0.83)

Stroke

15.4 (1.34)

8.3 (0.93)

Data are self-reported.
SOURCE: National Health and Nutrition Examination Surveys 2007–2010

APPENDIX 16.7. Cardiovascular Complications Among Adults Age ≥60 Years, by Age, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
CARDIOVASCULAR COMPLICATIONS

≥65

60–69

70–79

≥80

Coronary heart disease

24.3 (1.16)

20.3 (1.24)

25.8 (1.67)

26.1 (2.44)

Angina

10.4 (0.86)

9.7 (0.99)

10.9 (1.19)

11.2 (1.78)

Myocardial infarction

16.3 (1.00)

13.0 (1.07)

18.6 (1.61)

16.7 (1.92)

Other heart condition or disease

23.8 (1.17)

15.9 (1.11)

24.4 (1.71)

29.2 (2.44)

Stroke

13.0 (0.82)

9.3 (0.88)

12.3 (1.27)

20.9 (2.00)

Data are self-reported.
SOURCE: National Health Interview Surveys 2009–2010

APPENDIX 16.8. Microvascular Complications Among Adults Age ≥60 Years With Diabetes,
by Age, U.S., 2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
MICROVASCULAR COMPLICATIONS
Trouble seeing*
Blindness
Weak/failing kidney

≥65

60–69

70–79

≥80

18.5 (1.04)
8.5 (1.76)

16.7 (1.11)
5.6 (1.66)

18.8 (1.47)
7.7 (2.25)

21.9 (1.99)
13.2 (4.38)1

9.0 (0.70)

7.4 (0.86)

9.6 (1.02)

10.7 (1.77)

Data are self-reported.
* Trouble seeing was reported by 12.3% of nondiabetic adults age ≥60 years.
1 Relative standard error >30%–40%
SOURCE: National Health Interview Surveys 2009–2010
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APPENDIX 16.9. Chronic Pain Among Adults Age ≥60 Years With Diabetes, by Age, U.S.,
2009–2010
PERCENT (STANDARD ERROR)
Age (Years)
SITE OF CHRONIC PAIN

60–69

70–79

≥80

Joint pain, past 30 days

59.4 (1.63)

56.7 (1.88)

58.7 (2.50)

Pain in neck, past 3 months

20.9 (1.27)

18.5 (1.47)

18.4 (1.86)

Lower back pain, past 3 months

41.2 (1.50)

37.8 (1.91)

38.0 (2.31)

Facial/jaw ache, past 3 months

6.1 (0.73)

4.4 (0.73)

4.1 (0.93)

12.2 (0.99)

8.6 (1.03)

10.6 (1.68)

Migraine/headache, past 3 months
Data are self-reported.

SOURCE: National Health Interview Surveys 2009–2010
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