
In the 1985 edition of Diabetes in America1, the chap-
ter on diabetes and heart disease noted the lack of
studies based on a standard diagnosis of diabetes, the
failure to distinguish IDDM from NIDDM, and prob-
lems related to the definition of heart disease. Since
then, publications on the relation between diabetes
and heart disease have improved in both quantity and
quality.

One of the most important advances is the availability
of standardized criteria for the definition of diabetes,
promulgated by the U.S. National Diabetes Data
Group2 and the World Health Organization3

(WHO)(Chapter 2). These criteria have permitted

meaningful comparisons of individuals with and
without diabetes and across studies. Screening with
oral glucose tolerance tests (OGTTs) in population-
based studies reduces the serious problems of selec-
tion bias for who is diagnosed in a clinical setting
(e.g., obese adults are more likely to be tested for
diabetes than normal-weight individuals, Chapter 2)
and of Berkson’s bias (e.g., patients seen in clinics or
hospitals may be there because they have another
condition in addition to clinically recognized diabe-
tes). These types of bias pertain particularly to the
epidemiologic study of NIDDM, in which ~50% of
those affected are unrecognized until glucose toler-
ance testing4,5. If only the sickest, most obese, or
otherwise selected diabetic persons are in the study
population, the risk of complications, including heart
disease, may be exaggerated.
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SUMMARY

Based on the 1989 U.S. National Health Inter-
view Survey (NHIS), 3% of men and women
age 18-44 years who reported having diabetes
also reported having ischemic heart disease.

This increased to 14% of those age 45-64 years and
20% of those age ≥65 years. The most common cause
of death in adults with diabetes is coronary heart
disease. The only national incidence data for the
United States come from a 9-year follow-up of the
1971-75 First National Health and Nutrition Exami-
nation Survey (NHANES I), in which the age-adjusted
death rate per 1,000 person-years was 28.4 for dia-
betic men and 10.2 for nondiabetic men age 40-77
years at baseline, and 10.5 and 4.1 for diabetic and
nondiabetic women, respectively. The excess risk of
heart disease occurs with both insulin-dependent dia-
betes mellitus (IDDM) and non-insulin-dependent
diabetes mellitus (NIDDM). In contrast to people
without diabetes, heart disease in diabetic individuals
appears earlier in life, affects women almost as often
as men, and is more often fatal. As presented in Chap-

ter 7, adults with diabetes are more likely than those
without diabetes to have hypertension and
dyslipidemia (low levels of high-density lipoprotein,
HDL, and high levels of triglycerides and small dense
low-density lipoprotein, LDL), but some of the in-
creased risk of heart disease associated with diabetes
appears to be independent of these factors. Insulin
and glucose may act as cardiovascular disease risk
factors, but data are inconsistent. The Diabetes Con-
trol and Complications Trial (DCCT) found that im-
proved control of blood glucose levels in young adults
with IDDM reduced their risk of renal and retinal
complications and may have also reduced their excess
risk of heart disease. In contrast, preliminary results
from the Feasibility Trial of the VA Cooperative Study
on Glycemic Control and Complications in Type II
Diabetes found an increased risk of cardiovascular
events in insulin-treated patients with NIDDM. Fur-
ther studies are needed to determine the role of insu-
lin in the risk of cardiovascular disease.

• • • • • • •
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Unfortunately the criteria for ischemic (also called
coronary) heart disease have been less well stand-
ardized and still vary from study to study. Further, the
most definitive diagnostic methods, such as coronary
angiography, are too invasive for population-based
studies. Use of history and clinical records is not
entirely satisfactory because silent myocardial is-
chemia or infarction, based on the electrocardiogram,
is more common in diabetic persons than in nondia-
betic persons6,7. The limitations of death certificates
are well known. For example, among known diabetic
subjects with suspected ischemic heart disease in one
study8, only 41% of death certificates listed diabetes.
In a review of 15 other studies of known diabetic indi-
viduals8, 32%-92% of death certificates listed diabetes.

Clinical studies of patients with diabetes usually have
the advantages of multiple and more invasive diagnos-
tic tests but suffer from the bias that only sympto-
matic patients are selected for such investigations;
these patients may have more severe disease or symp-
toms than the general patient population. Clinic
populations are prone to selection bias, in that dia-
betic clinics attract patients with more severe diabetes
and cardiology clinics attract those with more severe
heart disease.

Prevalence studies suffer from survivor bias by ex-
cluding subjects with diabetes who have already died
due to heart disease. Unless there has been screening

of the population for both heart disease and diabetes,
prevalence studies are also subject to ascertainment
bias because diabetes may be more often sought in
persons with heart disease and vice versa.

U.S. SURVEY ESTIMATES

Based on the 1989 NHIS, the prevalence of self-re-
ported ischemic heart disease, heart and rhythm dis-
orders, and arteriosclerosis in the United States was
higher among adults with self-reported diabetes than
without (Table 19.1). The overall prevalence of heart
disease increased with age, but the differential be-
tween those with and without diabetes was greater
among those age <65 years. Among adults with
NIDDM, self-reported prevalence of angina and other
heart trouble and visits to a cardiologist at age ≥45
years were greater among those using insulin than
those not (Table 19.2). Among diabetic individuals
age 18-44 years, those with IDDM reported less an-
gina and other heart trouble and fewer visits to a
cardiologist than those with NIDDM. Based on the
1989-91 National Hospital Discharge Surveys, men
and women age ≥55 years with a discharge diagnosis

Table 19.1
Percent of Adults Reporting Heart Conditions, by
Diabetes Status and Age, U.S., 1989

18-44 years 45-64 years ≥65 years
% No. % No. % No.

Ischemic heart disease
IDDM 14 4 2
NIDDM 3.9 34 14.8 145 20.2 167
All diabetic persons 2.7 48 14.3 150 20.0 169
All nondiabetic persons 0.2 7,880 4.7 3,454 11.6 2,068

Heart and rhythm disorders
IDDM 14 4 2
NIDDM 1.8 34 7.3 145 7.1 167
All diabetic persons 1.2 48 7.1 150 7.0 169
All nondiabetic persons 1.9 7,880 4.0 3,454 6.6 2,068

Arteriosclerosis
IDDM 14 4 2
NIDDM 6.8 34 7.0 145 7.6 167
All diabetic persons 4.8 48 6.8 150 7.6 169
All nondiabetic persons 0.0 7,880 1.2 3,454 3.6 2,068

IDDM defined as diagnosis at age <30 years and continuous insulin use since
diagnosis and body mass index <27 for men and <25 for women; NIDDM, all
others identified as having physician-diagnosed diabetes.

Source: Harris MI, National Diabetes Data Group, data from a 1/6 subset of the
1989 National Health Interview Survey

Table 19.2
Percent of Adults Reporting Heart Conditions, by
Type of Diabetes, Insulin Use, and Age, U.S., 1989

18-44 years 45-64
years

≥65 years

% No. % No. % No.

Angina
IDDM 1.9 101 19 3
NIDDM using insulin 4.9 116 11.5 406 20.0 386
NIDDM not using insulin 3.8 133 11.1 531 14.8 653
All diabetic persons 3.9 354 11.2 963 16.6 1,044

Other heart trouble
IDDM 10.6 101 19 3
NIDDM using insulin 20.1 115 23.7 410 35.4 386
NIDDM not using insulin 10.9 132 21.1 532 32.3 655
All diabetic persons 14.0 352 21.8 968 33.4 1,046

Cardiologist visit past
 12 months

IDDM 3.6 102 18 3
NIDDM using insulin 13.2 116 25.0 408 32.6 386
NIDDM not using insulin 15.7 132 20.9 536 24.8 670
All diabetic persons 11.2 354 22.3 969 27.6 1,061

IDDM defined as diagnosis at age <30 years and continuous insulin use since
diagnosis and body mass index <27 for men and <25 for women; NIDDM, all
others identified as having physician-diagnosed diabetes (13 diabetic subjects
were unclassified). 

Source: Harris MI, National Diabetes Data Group, data from the 1989 National
Health Interview Survey Diabetes Supplement
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of diabetes were more likely than those without this
diagnosis to have at least one of all heart disease
diagnoses except cardiac dysrhythmia (Table 19.3).

Based on the 1976-80 NHANES II, the most recent
NHANES for which data are available, the prevalence
of angina by Rose questionnaire was higher among
men and women with than without diabetes, as diag-
nosed by an OGTT (Table 19.4). History of a myocar-
dial infarction as determined by Rose questionnaire
was also higher among men (age 55-74 years) and
women (age 35-74 years) with diabetes than without.
Among diabetic people, the prevalence of angina (age
55-74 years) and history of myocardial infarction (age

35-74 years) was more common among those with
known diabetes compared with those diagnosed at the
visit with an OGTT.

COMMUNITY-BASED PREVALENCE STUDIES

Several recent population-based studies from the
United States have reported the prevalence of coro-
nary heart disease among white, non-Hispanic white,
and Hispanic adults who received a standardized
OGTT6,9,10 (Table 19.5). Those with NIDDM generally
had the greatest prevalence of myocardial infarction,
ischemic ECGs, and coronary heart disease, while

Table 19.3
Prevalence of Heart Disease Diagnoses in U.S. Hospitalizations by Diabetes Diagnosis, Age ≥55 Years, 1989-91

Percent with heart disease diagnosis
Diabetes diagnosis No diabetes diagnosis

Men Women Men Women
Heart disease diagnosis (ICD number) (No.=0.92 million) (No.=1.3 million) (No.=5.2 million) (No.=6.1 million)

Hypertensive heart disease (402) 2.5 4.2 1.5 2.1
Acute myocardial infarction (410) 7.3 5.3 5.7 3.5
Other acute ischemic heart disease (411) 7.2 6.5 5.7 4.4
Old myocardial infarction (412) 5.0 3.5 3.6 1.9
Angina pectoris (413) 4.5 4.9 3.8 3.4
Other chronic ischemic heart disease (414) 27.3 20.9 19.7 13.3
Cardiomyopathy (425) 3.4 2.1 2.3 1.3
Cardiac dysrhythmias (427) 18.1 15.1 19.3 15.5
Heart failure (428) 20.1 20.4 11.8 13.1

Data are weighted to represent all U.S. short-stay hospitalizations; all hospitalizations in which a diabetes or heart disease diagnosis was listed on the discharge summary
are included in the table.

Source: Harris MI, National Diabetes Data Group, data from the National Hospital Discharge Surveys for 1989-91 (with diabetes diagnosis) and 1990 (without diabetes diagnosis)

Table 19.4
Prevalence of Angina and Myocardial Infarction by Oral Glucose Tolerance Status, U.S., 1976-80

35-54 years 55-74 years
Men Women Men Women

% No. % No. % No. % No.

Angina
Diagnosed diabetes 6.7 37 8.6 57 8.6 190 10.3 239
Undiagnosed diabetes 14.1 10 12.4 20 6.7 68 8.1 88
All diabetes 10.0 47 10.5 77 7.6 258 9.1 327
IGT 10.1 49 3.8 75 6.9 172 9.3 182
Normal OGTT 2.3 391 5.3 457 6.4 563 8.0 579

Myocardial infarction
Diagnosed diabetes 6.7 37 11.6 57 16.5 190 14.0 239
Undiagnosed diabetes 0.0 10 5.2 20 4.6 68 9.0 88
All diabetes 3.7 47 8.4 77 10.6 258 11.3 327
IGT 5.9 49 5.6 75 7.3 172 6.3 182
Normal OGTT 7.1 391 4.6 457 7.3 563 5.7 579

Angina and previous myocardial infarction were measured by Rose questionnaire; previously diagnosed diabetes determined by medical history; other categories were ascertained
by World Health Organization criteria applied to the results of 2-hour 75-g oral glucose tolerance tests after exclusion of IDDM; IGT, impaired glucose tolerance; OGTT, oral
glucose tolerance test.

Source: Harris MI, National Diabetes Data Group, data from the 1976-80 National Health and Nutrition Examination Survey
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those with normal glucose tolerance had the lowest
prevalence (Figure 19.1). This was also true in a study
of Japanese-American volunteers who received an
OGTT11,12. In the Rancho Bernardo Study, prevalence
of myocardial infarction was higher among diabetic
persons diagnosed prior to the study than among
those newly diagnosed by OGTT during the study13.
Adults with NIDDM had an increased prevalence of
silent ischemia as well as total ischemia (Table 19.5).
Approximately half of all ischemic ECG abnormalities
were silent. While this proportion is the same in dia-
betic and nondiabetic persons, the prevalence of both
asymptomatic and symptomatic ischemia was in-
creased in adults with NIDDM. Among patients with
IDDM from the Joslin Clinic14, silent ischemia also
accounted for at least half of all coronary artery dis-

ease. The association of glucose intolerance with
coronary heart disease or myocardial infarction by
history or ECG was as great or greater among women
as men (Table 19.5, Figure 19.1).

CLINICAL STUDIES

Congestive Heart Failure

Approximately 1% of the U.S. population overall and
10% of the population age >75 years have congestive
heart failure (CHF), most commonly due to previous
myocardial infarction15. Population-based studies
such as Framingham, MA16 and Rochester, MN17 have
reported an excess of CHF in women with diabetes. In

Table 19.5
Age-Adjusted Prevalence of Coronary Heart Disease Among Adults by Oral Glucose Tolerance Status, 
U.S. Population-Based Studies

Glucose
Tolerance

Myocardial infarction (%) Ischemic ECG (%) Coronary heart
diseased (%)Ref. Population      Race         Sex No. History History or ECGa Totalb Silentc

6 Rancho Bernardo, CA
 (population-based,
 1984-87, age 50-89 years)

White M NIDDM
IGT
Normal

159
237
591

17.1
18.4*
13.2

34.7**
28.2
22.3

20.9*
13.0
12.0

43.1**
38.5
32.0

F NIDDM
IGT
Normal

157
347
732

13.7**
9.5
7.2

30.0**
23.3
19.6

13.7*
12.0

8.8

41.9***
34.3*
28.5

9 San Luis Valley, CO
 (population-based,
 1984-88, age 25-74 years)

Non-Hispanic
White

M NIDDM
IGT
Normal

79
34

307

12.3*
11.6

4.8

26.5*
18.1
12.8

16.7
19.0

9.7

7.7
7.4
4.5

36.9*
37.7
23.1

F NIDDM
IGT
Normal

66
48

345

4.4
1.4
2.0

14.2*
9.5
7.0

25.5*
18.3
15.5

17.8
15.3
11.8

50.6*
40.1*
24.6

Hispanic M NIDDM
IGT
Normal

107
35

214

5.6
8.8
6.7

11.3
18.0
16.3

14.2
13.3
12.5

12.2*
2.4
5.2

29.7
29.1
29.7

F NIDDM
IGT
Normal

177
56

226

2.8
2.5
0.4

12.4
11.6

8.7

18.5
20.9
14.9

13.6
16.7
10.3

44.5*
36.4
32.6

10 San Antonio, TX
 (population-based,
 1979-88, age 25-64 years)

Non-Hispanic
White

M NIDDM
Other

37
790

13.3
4.0

29.9
8.2

F NIDDM
Other

41
995

7.2
1.2

11.7
2.5

Hispanic M NIDDM
Other

154
1,230

12.6
3.1

21.6
5.6

F NIDDM
Other

240
1,654

4.2
1.1

10.7
3.1

11 King County, WA
 (volunteers, 1983-85,
  age 45-74 years)

Japanese-
American

M NIDDM
IGT
Normal

78
72
79

29.5***
23.6

6.3

16.7**
12.5

3.8

41.0***
27.8

8.9

12 King County, WA
 (volunteers, 1986-88, 
  age 45-74 years)

Japanese-
American

F NIDDM
IGT
Normal

52
67
72

36.5*
35.8*
19.4

M, male; F, female; ECG, electrocardiogram; IGT, impaired glucose tolerance.  aHistory or ECG criteria: Rancho Bernardo — Minn. code 1.1; San Luis Valley — history or
ECG Minn. code 1.1-1.2; San Antonio — history or ECG Minn. code 1.1-1.3.  bTotal ischemic ECG criteria: Rancho Bernardo and San Luis Valley — Minn. code 1.1-1.3, 4.1-4.3,
5.1-5.3, 7.1; San Antonio and King County — Minn. code 1.1-1.3, 5.1-5.3, 7.1.  cSilent ECG criteria: ischemic ECG without history of MI, angina, or chest pain.  dCHD criteria:
Rancho Bernardo — possible MI, angina, or ischemic ECG; San Luis Valley — heart attack, angina, or ischemic ECG; King County — MI, bypass, angina, or ischemic ECG.
*p ≤0.05; **p ≤0.01; ***p ≤0.001 compared with normal glucose tolerance group.

Source: References are listed within the table
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the Multicenter Investigation of the Limitation of In-
farct Size (MILIS) Trial18, insulin-treated diabetes was
an independent risk factor for post-infarction CHF,
with a stronger effect in women than in men.

The amount of myocardial necrosis is a major deter-
minant of congestive heart failure and death after an
acute myocardial infarction. Some studies19,20 suggest
the excess CHF in diabetes is caused by a larger
amount of postinfarction myocardial necrosis, com-
pared with nondiabetic persons, but others found an
increase in CHF in diabetic versus nondiabetic pa-
tients despite comparable infarct size21-23. For exam-
ple, in a prospective study of 100 patients with clini-
cally diagnosed diabetes and 426 patients without
diabetes, CHF was found twice as frequently in dia-
betic as nondiabetic patients (31.2% versus 15.7%)
despite smaller infarct size as estimated enzymati-
cally21. In another study using radionuclide angiogra-
phy to study patients with a first acute Q wave ante-
rior myocardial infarction, the 17 noninsulin-treated
diabetic patients had more left ventricular regional
dysfunction of the noninfarcted area at every QRS
score (an index of infarct size) than the 28 nondia-
betic patients23.

The pathogenesis of CHF in diabetes is not well un-
derstood. The studies cited above provide evidence
for a nonatherosclerotic determinant of outcome that
is peculiar to diabetes. It is known that atherosclerotic
arteries respond paradoxically to acetylcholine, com-
promising myocardial perfusion. A comparison was
made of seven control subjects and 11 patients who

had either IDDM or NIDDM and who had normal
coronary arteries and normal left ventricular systolic
function24. In control subjects, acetylcholine caused a
progressive increase in the diameter of epicardial ar-
teries; in all diabetic subjects there was diffuse con-
striction of the coronary arteries. These observations
are compatible with the thesis that nonatherosclerotic
alterations in the coronary circulation in diabetic pa-
tients damage the myocardium. A recent review con-
cluded that there is both pathologic myocardial dam-
age and myocellular dysfunction due to diabetes25.

Cardiomyopathy

In addition to myocardial dysfunction and failure con-
sequent to atherosclerosis, increasing evidence sug-
gests that diabetic individuals have a cardiomyopathy
that is independent of atherosclerosis. Most of these
clinical investigations have been reviewed26,27. Several
lines of research suggest that myocardial dysfunction
occurs in persons reasonably presumed to be without
atherosclerotic heart disease. Echocardiographic stud-
ies in children and adolescents with IDDM28,29 and
exercise testing or radionuclide angiography in young
adults with IDDM30-32 suggest myocardial dysfunction.

Two-dimensional echocardiography and stress perfu-
sion scintiography was used to study 88 well-charac-
terized patients with diabetes and 65 volunteers with-
out diabetes33. Patients with IDDM or NIDDM had
restrictive cardiomyopathy as manifest by mildly re-
duced left ventricular end-diastolic volume and al-
tered left ventricular compliance independent of coro-
nary artery disease. Cardiac function was compared in
125 patients with IDDM and 50 age- and sex-matched
healthy controls34. Echocardiography showed signifi-
cantly increased septal and posterior wall thickness
and abnormalities in diastolic function. Echocardiog-
raphy was used to study 157 young patients who had
IDDM and no cardiac symptoms35. The patients had
more ventricular dysfunction than 54 age- and sex-
matched controls. Among diabetic persons, diastolic
dysfunction was more than twice as common as sys-
tolic dysfunction and occurred earlier (8 versus 18
years after diagnosis of diabetes).

The interpretation that abnormal test results reflect
diabetic cardiomyopathy has been challenged by com-
paring 20 normotensive young adults who had IDDM
for an average of 15 years with 20 age-matched non-
diabetic individuals36. By radionuclide angiography,
all normal subjects had an increased ejection fraction
with exercise, compared with 45% of those with
IDDM. However, when left ventricular systolic per-
formance was assessed by load and rate independent
indices, all subjects had normal baseline ventricular
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Figure 19.1
Age-Adjusted Prevalence of Coronary Heart Disease
in Diabetic and Nondiabetic Adults

Definition of CHD: Rancho Bernardo—possible MI, angina, ischemic ECG; San
Luis Valley—heart attack, angina, ischemic ECG; King County—MI, bypass,
angina, ischemic ECG.

Source: References 6, 9, 11, 12
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contractility, which provides evidence against
cardiomyopathy. Some studies have failed to adjust for
the lower activity levels of people with diabetes.
When 11 boys with IDDM (diabetes of 4.5 years dura-
tion) were compared with 11 nondiabetic boys
matched for age, body size, and physical activity, no
evidence of functional myocardial disease was
found37.

Population-based studies of myocardial function by
diabetic status are rare. Echocardiographic evidence
for cardiomyopathy in nearly 5,000 adult men and
women from the Framingham, MA studies have been
reported38. Their evaluation did not include an OGTT,
and only 69 men and 42 women had diabetes by
Framingham criteria. Nevertheless, women (but not
men) with diabetes had significantly increased left
ventricular wall thickness and mass, independent of
hypertension and other confounders. Subjects with
overt cardiovascular disease were excluded, but myo-
cardial dysfunction secondary to occult infarction re-
mains a possibility for this finding, suggested by the
observation that younger diabetic women had no ap-
parent increase in left ventricular mass.

Other evidence that diabetes increases the risk of
cardiomyopathy comes from the Washington, DC Di-
lated Cardiomyopathy Study39. Cases defined by idi-
opathic ventricular dilatation and hypokinesis were
compared with neighborhood controls. Individuals
who had a history of myocardial infarction or coro-
nary artery stenosis were excluded, and diabetes was
defined as physician-diagnosed with 90% confirma-
tion by hospital record review. Twenty-nine percent of
case patients and 14% of controls had a history of
diabetes. Diabetes was associated with dilated
cardiomyopathy before and after adjusting for covari-
ates (multiply adjusted relative odds 2.6, 95% confi-
dence interval (CI) 1.5-4.3).

AUTOPSY STUDIES

Although the etiology (some would say existence) of
diabetic cardiomyopathy remains unresolved40, sur-
prisingly few autopsy studies have specifically exam-
ined the diabetic heart41-45. In the only recent popula-
tion-based autopsy study, protocol autopsies were
evaluated in 83 diabetic and 159 nondiabetic Japa-
nese-American men from the Honolulu Heart Pro-
gram19. Diabetic individuals had an excess of coronary
atherosclerosis and of acute, healing, or fibrotic myo-
cardial lesions; the latter but not the former associa-
tion was independent of major coronary heart disease
risk factors (Figure 19.2). This suggests that the
atherosclerotic process is mediated by blood pressure,

cholesterol, and smoking, while one or more
nonatherosclerotic processes also account for some of
the excess heart disease in men with diabetes. Unfor-
tunately, in this study the diagnosis of diabetes was
made without study-wide glucose tolerance tests and
the protocol autopsy appears not to have included a
systematic search for microvascular disease.

Autopsy evidence for diabetic cardiomyopathy is
sparse. In one study, hearts obtained at autopsy from
67 patients with diabetes, hypertension, or both were
examined44. Patients with both diabetes and hyperten-
sion had the most microscopic fibrosis, but diabetic
subjects without hypertension had more fibrosis than
patients with hypertension only. It was postulated that
myocardial fibrosis contributed to the diastolic dys-
function observed in patients with IDDM.

Although it is plausible that cardiac microvascular
disease plays a role in the pathogenesis of diabetic
cardiomyopathy, there is little evidence for an excess
of small vessel heart disease in people with diabetes.
In the only recent autopsy study that looked for mi-
crovascular pathology, diabetic subjects who had a
myocardial infarction had more microangiopathy
compared with diabetic subjects without ischemic
heart disease or normoglycemics with myocardial in-
farction45. Microangiopathy was defined by low capil-
lary density. Only 10 diabetic hearts were examined
and no appropriate controls without ischemic heart
disease or diabetes were studied. Recent studies of
endomyocardial biopsies in large numbers of patients
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Figure 19.2
Prevalence of Atherosclerotic and Myocardial 
Lesions in Diabetic and Nondiabetic Men, 1965-84

Data are from the Honolulu Heart Program Autopsy Study; risk factors in-
cluded in adjustment of the prevalence were age, cigarette smoking, choles-
terol, and systolic blood pressure (and body mass index, where indicated);
sample size—diabetic 83, nondiabetic 159.  

Source: Reference 19
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have not confirmed an association between diabetes
and small vessel disease46,47.

Since the 1985 edition of Diabetes in America, only
four occupational/population-based studies have been
published comparing the incidence of heart disease in
adults with and without diabetes in the United
States48-51 (Table 19.6). All found an increased risk of
incident heart disease (fatal and nonfatal combined)
among diabetic individuals. The Nurses’ Health
Study50 also reported a twofold higher risk among
women with IDDM (onset at age <30 years) compared
with women with NIDDM (onset at age ≥30 years).
The age-adjusted relative risks for diabetic versus
nondiabetic women were 12.2 for IDDM and 6.7 for
NIDDM. The higher relative risks for both diabetic
groups in the Nurses’ Health Study may in part reflect
the inclusion of only clinically diagnosed diabetic
persons, who presumably have more severe disease
than unrecognized cases. Alternatively, the Nurses’
Health Study women are relatively young; because
heart disease is uncommon in younger women with-
out diabetes, the relative risk for those with diabetes
could be higher than in studies of older women.

Several occupation/population-based studies have
been published comparing the risk of fatal ischemic
heart disease among diabetic and nondiabetic adults.
Table 19.7 presents summaries of studies in white

adults in the United States50-56. The Wisconsin Study56

relied on physician diagnosis of diabetes and reported
data for NIDDM and IDDM separately. The Rancho
Bernardo Study55 relied on an abnormal fasting plasma
glucose or history of diabetes and included very few
subjects with IDDM. The other five50-54 were based on
self-reported diabetes. In every study, the risk of fatal
ischemic heart disease was significantly greater
among those with diabetes than those without. In
most cases, the increased risk of heart disease mortal-
ity associated with diabetes was greater among
women than men (Figure 19.3).

Table 19.6
Risk of Incident Coronary Heart Disease in Diabetic versus Nondiabetic Adults, U.S. Occupation/Population-Based
Studies

Years
followup

Number Adjusted risk ratio† 
Ref. Population       Type of diabetes Sex Diabetic Nondiabetic Age Multiple

48 Framingham Study
 (population-based,
 1969-79, age 45-84 years)

Unspecified; history
 or casual glucose

2 M
F

1,382
 2,094

2.3
2.9

49 Honolulu Heart Study
 (Japanese Americans,
 1970-72, age 51-72 years)

NIDDM and IGT;
 history or nonfasting
 glucose challenge

18 M 376 2,042 1.7

50 Nurses’ Health Study
 (registered nurses,
 1976, age 30-55 years)

NIDDM; self-report
IDDM; self-report

8
8

F
F

1,483
226

114,694
114,694

6.7*
12.2*

3.1*

51 New Haven, CT
 (population-based,
 1982, age 65+ years)

Unspecified;
 self-report

6 M
F

156
230

994
1,388

1.8
    3.2**

M, male; F, female; IGT, impaired glucose tolerance.  †Framingham, Honolulu, Nurses Health studies — risk of nonfatal myocardial infarction and fatal coronary heart
disease; New Haven — nonfatal and fatal MI; prevalent heart disease at baseline was excluded in all four studies.  *95% confidence interval does not contain 1.0; **p ≤0.01

Source: References are listed within the table

INCIDENCE OF HEART DISEASE IN U.S.
DIABETIC VERSUS NONDIABETIC PERSONS
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Figure 19.3
Multiply Adjusted Risk of Fatal Coronary Heart 
Disease in Diabetic Compared with Nondiabetic
Adults, by Sex

Definition of risk: Alameda–relative risk; Chicago, NHANES, Rancho Ber-
nardo–relative hazard; New Haven–odds ratio.

Source: References 51-55 
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Diabetic individuals who have had a myocardial in-
farction are more likely than nondiabetic people to
experience another infarction or death (Table
19.8)18,57-65. In a series of thrombolytic trials, diabetic
patients had twice the risk of having another in-
farction before they left the hospital57. In Framing-
ham, MA diabetic men had a 40% increased risk of
reinfarction within 2 years of their first infarction,
whereas diabetic women had three times the risk
(p≤0.001) compared with those without diabetes64.

Data from the National Hospital Discharge Surveys60

suggest that in-hospital deaths may be increased only
for diabetic individuals age <55 years (Table 19.8).
While these data also suggest that the increased risk
of in-hospital death among diabetic patients is greater
for men than women (relative risks of 1.8 and 1.4,
respectively), studies of patients with acute myocar-
dial infarction in the MILIS18 suggest the opposite
(relative risks of 1.6 for men and 2.6 for women).
Similarly, among patients who were treated with
thrombolytic agents57, the risk of in-hospital death
was lower for diabetic men than for diabetic women
(relative risks of 3.2 and 3.8, respectively). In Fram-
ingham64, the increased risk of death within 2 years of

a myocardial infarction was also greater for diabetic
women than for diabetic men (relative risks of 2.6 and
1.8, respectively).

The population-based studies summarized in Table
19.8 also indicate that the increased mortality risk
among diabetic persons who experience a myocardial
infarction persists well past hospitalization. In the
Corpus Christi Heart Project63, diabetic persons had
twice the risk of death within 28 days of a myocardial
infarction and a 60% increased risk within 44 months
compared with nondiabetic persons. In the Minnesota
Heart Survey61, adults with diabetes had a 40% in-
creased risk of death within 6 years of a myocardial
infarction, and in the Worcester Heart Attack Study62,
diabetic persons had twice the mortality risk 12 years
later. In the Framingham cohort65, death following a
myocardial infarction was significantly increased for
diabetic individuals from the time of their first hospi-
talization through 30 years of followup.

Few studies have examined determinants of the
poorer prognosis in patients with diabetes. A compari-
son was made of 228 patients admitted to a Boston,
MA intensive care unit with myocardial infarction and
NIDDM and a similar number of nondiabetic patients
with infarction58. The patients with diabetes had an
increased 30-day and 150-day mortality, but they also
were older and had more cardiovascular disease before

Table 19.7
Risk of Fatal Coronary Heart Disease in Diabetic versus Nondiabetic White Adults, U.S. Occupation/Population-Based
Studies

Type of
diabetes

Years
followup

Number Adjusted risk ratio† 

Ref. Population           Sex Diabetic Nondiabetic Age Multiple

52 Alameda County, CA (population-
 based, 1965, age ≥40 years)

Unspecified; self-report 9 M
F

51
70

1,648
1,982 3.5**

1.5
3.1**

53 Chicago, IL (employees, 1967-73,
 age 35-64 years) 

Unspecified; self-report 9 M
F

377
170

10,843
7,860

4.0***
5.9***

3.8***
4.7***

54 NHANES I (population-based,
 1971-75, age 40-77 years)

Unspecified; self-report
 of physician diagnosis

9 M
F

189
218

3,151
3,823

2.3
2.8

2.4††
2.6††

55 Rancho Bernardo, CA (population-
 based, 1972-74, age 40-79 years)

NIDDM; history or
 fasting glucose

14 M
F

207
127

893
1,224

1.8**
3.3***

1.9**
3.3***

50 Nurses’ Health Study (registered
 nurses, 1976, age 30-55 years)

NIDDM; self-report of
 physician diagnosis

8 F 1,483 114,694 6.9††

56 Wisconsin (population-based,
 1980)

NIDDM; physician
 diagnosis

8.5 M
F

797
975

Wisconsin
statistics

2.4††
2.2††

IDDM; physician
 diagnosis

8.5 M
F

626
574

Wisconsin
statistics

9.1††
13.5††

51 New Haven, CT (population-based,
 1982, age ≥65 years)

Unspecified; self-report
 of physician diagnosis

6 M
F

156
230

994
1,388

1.6
4.5**

NHANES, National Health and Nutrition Examination Survey.  †Risk ratio for diabetic versus nondiabetic:  Alameda and Nurses studies—relative risk; Chicago, NHANES
I, Rancho Bernardo—relative hazard; Wisconsin—standardized mortality ratio; New Haven—odds ratio; ischemic heart disease, ICD9 codes 410-414, with prevalent heart
disease at baseline excluded (NHANES I, Nurses’ study) or adjusted (New Haven). *p ≤0.05; **p ≤0.01; ***p ≤0.001; ††95% confidence interval does not contain 1.0

Source: References are listed within the table
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the infarction. The relative risk was greatest among
diabetic patients with the lowest baseline risk (Figure
19.4).

A followup was made of 60 insulin-treated patients
admitted to eight hospitals in Arizona, Missouri, and
New York and 721 nondiabetic patients, all with myo-
cardial infarctions59. Among all subjects, pulmonary
rales, ejection fraction <40%, symptoms before myo-
cardial infarction, and >10 ventricular premature
complexes per hour predicted mortality. Among dia-
betic patients, only pulmonary rales were significantly
associated with 1-year mortality rates. In a followup

of patients hospitalized for their first myocardial in-
farction in Finland, patients with NIDDM had a
poorer prognosis than patients without diabetes; how-
ever, they did not differ in infarct size65b.

The records of 832 consecutive patients in Denmark
who were hospitalized for an acute myocardial in-
farction during a 3-year period were reviewed for
mortality66. Patients with NIDDM were twice as likely
to die within 1 month than nondiabetic patients (42%
versus 20%). Among diabetic patients, those who died
had significantly higher fasting plasma glucose levels
in the 3 years before infarction than those who sur-

Table 19.8
Risk of Reinfarction and Death Following Acute Myocardial Infarction in Diabetic versus Nondiabetic White
Adults, U.S. Studies

Type of
diabetes 

Length of
followup

Sex
(age)

Number Risk ratio‡

Ref. Population         Diabetic Nondiabetic Reinfarction Death     

Clinical Studies

57 Thrombolytic Trials
 (1985-89)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
5 years

M
F
M and F
M and F

110
38

148
131

746
177
923
826

2.0

1.6
2.6
1.8*
increased**

58 Mass. General Hosp.
 (1977-82)

NIDDM; physician
 diagnosis

30 days
30 days
30 days
150 days

M
F
M and F
M and F

122
106
228
228

142
54

196
196

2.1
1.0
1.6*
1.6**

59 8 hospitals in MPIP
 (1979-80)

Insulin-treated 36 months M and F 60 721 3.1***

18 5 hospitals in MILIS
 study (1978-83)

Unspecified; history
 or diagnosis

In hospital
In hospital
In hospital
4 years
4 years
4 years

M
F
M and F
M
F
M and F

52
33
85
49
30
79

330
85

415
324

83
407

3.2
3.8
3.7**
1.0
2.5**
1.8**

Population-Based Studies

60 National Hospital
 Discharge Survey
 (1979-87)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
In hospital

M (35-54)
F (35-54)
M (≥55)
F (≥55)

(from >500 hospitals) 1.8††
1.4
1.0
1.0

61 Minneapolis-St. Paul,
 MN (1970, 1980, 1985)

Unspecified;
 physician diagnosis

In hospital
6 years

M and F
M and F

384
155

2,196
294

1.5**
1.4**

62 Worcester, MA (1975,
 1978, 1981, 1984, 
 1986)

Unspecified;
 physician diagnosis

In hospital
In hospital
In hospital
12 years
12 years
12 years

M
F
M and F
M
F
M and F

467
476
943
379
353
732

2,060
1,100
3,160
1,751

846
2,597

1.2
1.2*
1.4††
1.6††
1.6††
2.0††

63 Corpus Christi, TX
 (1988-90)

Unspecified; history
 or diagnosis

28 days
44 months

M and F
M and F

523
523

676
676

2.0***
1.6***

64 Framingham, MA
 (1948-81)

Unspecified; history
 or casual glucose

2 years
2 years

M
F

55
37

359
158

1.4
3.1***

1.8**
2.6**

65 Framingham, MA
 (1948-80)

Unspecified; history
 or casual glucose

30 years
30 years

M and F
M and F

50
33

294
242 2.0††

2.6††

M, males; F, females; MILIS, Multicenter Investigation of the Limitation of Infarct Size; MPIP, Multicenter Postinfarction Program. ‡Risk ratio for diabetic versus nondiabetic:
relative risk—Thrombolytic, Mass. Gen., MPIP, MILIS, NHDS, Worcester; odds ratio—Minneapolis, Framingham; relative hazard—MILIS, NHDS, Minneapolis, Worcester,
Corpus Christi; Kaplan-Meier curves—Thrombolytic, MPIP, MILIS, Corpus Christi; data in Minneapolis, Worcester, Corpus Christi, Framingham are adjusted for age and
selected covariates. *p ≤0.05, **p ≤0.01, ***p ≤0.001; ††95% confidence interval does not contain 1.0.

Source: References are listed within the table
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vived (178 versus 143 mg/dl, p<0.05). Glucose levels
were similar in those who were treated with oral
agents or insulin, but the latter group was less likely
to die (p<0.02).

In contrast, studies in England67 and Malta68 found
that prognosis was unrelated to glycemic control. In
the case-control study from Malta, the 196 patients
with NIDDM and a myocardial infarction had higher
mortality, less reperfusion, and more pump failure and
cardiogenic shock than the 196 nondiabetic patients

with infarctions68. Absent heart rate variability, pre-
sumably related to autonomic neuropathy, was predic-
tive of both mortality and left ventricular failure.
These observations are reminiscent of studies that
found that 91% of patients with long-standing IDDM
had cardiac autonomic neuropathy; left ventricular
function was depressed in 59% of IDDM patients with
neuropathy and only 8% of those without69.

AGE AND DURATION OF DIABETES

The risk of coronary heart disease increases with age
in persons with or without diabetes, but diabetes ap-
pears to accelerate the process. Nevertheless, coro-
nary heart disease is uncommon before age 30 years in
patients with IDDM, even when diabetes began in
childhood14,70. Data from the Pittsburgh Epidemiology
of Diabetes Complications Study71 show an associa-
tion between fatal cardiovascular disease and the du-
ration of IDDM (Figure 19.5), suggesting either that
diabetes accentuates atherosclerosis only in the pres-
ence of existing coronary artery disease or that a
minimum duration of exposure to diabetes is required
to cause cardiovascular disease. The onset of NIDDM
is less obvious than IDDM, and it has been difficult to
distinguish between an effect of age and an effect of
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Figure 19.4
Death Rate Within 30 Days After Admission for
Acute Myocardial Infarction

Figure 19.5
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Figure 19.6
Relative Risk of Combined Nonfatal Myocardial 
Infarction and Fatal Coronary Heart Disease in 
Diabetic versus Nondiabetic Women, by Duration of
Diabetes

Data are from the Pittsburgh Epidemiology of Diabetes Complications Study.

Source: Reference 71
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duration of diabetes on heart disease risk. However, in
the Nurses’ Health Study50, a longer duration of clini-
cally recognized maturity onset diabetes in women
was found to be associated with an increased risk of
coronary heart disease, even after age adjustment
(Figure 19.6).

GLUCOSE CONTROL

While some studies have found a significant associa-
tion between glucose levels and the prevalence72 or
incidence73, 73b of heart disease, others have not11,48,71,

74,75. Some of this variation may reflect population
differences in age or duration of diabetes and adjust-
ment for these factors. Even within a single cohort73,74,
different associations emerge depending on the gen-
der of the subsample and the covariates included in
multivariate models. The Pittsburgh Epidemiology of
Diabetes Complications Study has examined the asso-
ciation between glucose levels and heart disease in
individuals with IDDM71. Glycemic control, as meas-
ured by glycosylated hemoglobin, was not associated
with 4-year incidence of coronary heart disease, after
adjustment for either age or duration of diabetes. A
Finnish study examined the association of glycosy-
lated hemoglobin and heart disease in individuals
with NIDDM73b. After adjustment for duration of dia-
betes, glycemic control was significantly associated
with 3.5-year coronary heart disease mortality but not
with incidence. It is very difficult to separate the effect
of glycemic control from age and duration of diabetes.

SEX

Diabetes is the only condition that causes women to
have heart disease rates similar to those of men. The
reason for this effect is uncertain. It is unlikely that it
reflects differential loss of men with coronary heart
disease through excess mortality. In the Rancho Ber-
nardo Study55, diabetic women had ischemic heart
disease mortality rates similar to both nondiabetic and
diabetic men, while nondiabetic women had a clear
longevity advantage (Figure 19.7). In addition, case-
fatality rates following a myocardial infarction are as
great or greater for diabetic women relative to nondi-
abetic women as for diabetic men (Table 19.8). The
increased heart disease risk of diabetic women could
be mediated in part by the loss of women’s usually
favorable lipoprotein profile in the presence of diabe-
tes76 (see Chapter 7).

HEART DISEASE RISK FACTORS

As noted in Chapter 7, adults with diabetes are more
likely than those without diabetes to have heart dis-
ease risk factors, especially high blood pressure, low
levels of HDL cholesterol, and high levels of
triglycerides77. However some of the increased risk of
heart disease associated with diabetes appears to be
independent of these factors. As shown in Tables 19.6
and 19.7, the incidence of heart disease is significantly
increased among diabetic individuals in five occupa-
tional/population-based studies after adjustment for
major heart disease risk factors50,51,53-55. In the Multiple
Risk Factor Intervention Trial (MRFIT)78, men with
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diabetes had a fivefold increased risk of cardiovascular
mortality over a 12-year period compared with men
without diabetes, even in the absence of high blood
pressure, hypercholesterolemia, and cigarette smok-
ing (Figure 19.8). Diabetes was also associated with
an increased risk of cardiovascular death in the presence
of any one, two, or all three of these heart disease risk
factors (relative risks of 4.8, 4.0, and 2.6, respectively).

MICROALBUMINURIA

In 1984, two groups79,80 reported an excess mortality
in prospectively studied patients with NIDDM who
also had microalbuminuria. Although neither study
reported cause-specific mortality, 50% and 88% of
deaths, respectively, were attributed to cardiovascular
disease. There are now at least six publications79-84, all
from the United Kingdom or Denmark, describing an
increased risk of death from all causes combined in
patients who have NIDDM and microalbuminuria
(Table 19.9). Only one of these studies, a population-
based study from Oxford, England, separately exam-
ined coronary heart disease mortality: a significantly
increased risk of death from all causes and from coro-
nary heart disease was found for men and women who
had microalbuminuria84.

Most information on the relation of microalbuminuria
to coronary heart disease in patients with diabetes
comes from cross-sectional studies (Table 19.10)82,84-87.

In three of five studies, microalbuminuria was signifi-
cantly associated with prevalent coronary heart dis-
ease based on history or electrocardiogram. The other
two studies resulted in statistically nonsignificant re-
sults. One found a nearly twofold risk of coronary
heart disease in a small sample86; in the other, preva-
lent ischemic heart disease was not associated with
increasing gradients of proteinuria84.

It is uncertain whether the microalbuminuria-coro-
nary heart disease association is independent of an
association between microalbuminuria and blood
pressure, lipids, or lipoproteins. Microalbuminuria in
adults with NIDDM from the San Antonio Heart Study
was associated with higher blood pressure but not
with a more atherogenic lipid or lipoprotein pattern88.
In contrast, investigators from Finland found that
NIDDM patients with microalbuminuria had higher
LDL and very low-density lipoprotein (VLDL) choles-
terol levels and lower HDL cholesterol levels com-
pared with nondiabetic subjects but no differences in
blood pressure89. These divergent results are unex-
plained.

Microalbuminuria occurs in older adults without dia-
betes, in whom it predicts an increased risk of vascu-
lar disease83,90. Studies in nondiabetic individuals sug-
gest that microalbuminuria may be a marker for heart
disease rather than a risk factor. For example, von
Willebrand factor antigen, a marker for damaged vas-
cular endothelium, was present in higher amounts in

Table 19.9
Prospective Association of Microalbuminuria and Mortality in Adults with NIDDM, International Studies

Ref. Population
Ascertainment

of diabetes
Years

followup Sex No.
Microalbuminuria

(µg/ml)
Mortality

end points
Mortality

risk†

Clinical Studies

79 London, England
 (1966-67, age 33-60 years)

Physician diagnosis 14 M and F 44 ≥31
(versus ≤30)

All cause
(88% CVD)

3.3**

80 Denmark
 (1973, age 50-75 years)

Physician diagnosis 9.5 M and F 76 30-140
(versus <15)

All cause
(50% CVD)

1.8

81 Denmark
 (1973, age 50-75 years)

Physician  diagnosis 10 M and F 503 41-200
(versus ≤15)

All cause
(58% CVD)

2.3***

82 London, England
 (1985-87, age 31-64 years)

Physician  diagnosis 3.4 M and F 141 20-200
(versus  <20)

All cause
(57% CVD)

4.1*

Population-Based Studies

83 Fredericia, Denmark
 (1981-82, age 60-74 years)

Self-report and
 physician diagnosis
 or fasting glucose

8-9 M and F 211 Continuous All cause coef=0.333***

84 Oxford, England
 (1982, age 28-89 years)

Self-report and
 physician diagnosis
 or fasting glucose

6 M and F 246 40-200
(versus ≤15)

CHD
All cause
(41% CVD)

Increased
2.2††

M, males; F, females; CVD, cardiovascular disease; CHD, coronary heart disease; NIDDM, noninsulin-dependent diabetes mellitus †Mortality risk: Denmark, (Reference
80)—univariate relative risk; adjusted relative hazard—all other studies *p<0.05, **p<0.01, ***p<0.001, ††95% confidence interval does not include 1.0.

Source: References are listed within the table
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nondiabetic hypertensive men who had microalbu-
minuria compared with nondiabetic hypertensive
men without microalbuminuria91.

ENDOGENOUS INSULIN

Hyperinsulinemia or insulin resistance has been the
leading candidate for the risk factor that explains the
excess risk of cardiovascular disease in patients with
diabetes92. This hypothesis is compatible with studies
showing that insulin covaries with dyslipidemia and
central obesity, and in some populations, with hyper-
tension. Because hyperinsulinemia (or insulin resis-
tance) precedes the onset of diabetes93, its role as a
cardiovascular disease risk factor is also compatible
with the observation that cardiovascular disease risk
factors often precede the onset of clinically manifest
diabetes94-96.

All three prospective population-based studies of in-
sulin and cardiovascular disease presented in the 1985
edition of Diabetes in America found insulin to be an
independent predictor of coronary heart disease or
cardiovascular disease in men97-99. However, in the
only study that included women97, no association was
found. Since that time, two more cross-sectional
population-based studies100,101 and nine more prospec-
tive studies102-109, including extended followup of the
original cohorts, have been reported. Both cross-sec-
tional studies and three of the prospective studies

included women. These new data have not consis-
tently confirmed the association of hyperinsulinemia
and heart disease in men, and none have found an
association in women.

The two cross-sectional studies yield different results.
Postchallenge hyperinsulinemia was associated with
cardiovascular disease in men but not women in a
study of 1,263 adults age 40-70 years chosen as a
representative sample of an Israeli cohort100. In con-
trast, among a representative sample of 1,069 men and
women age 65-74 years from Kuopio, Eastern Fin-
land, 2-hour postchallenge insulin was associated
with known previous myocardial infarction in women
but not men101. No association of fasting insulin with
previous myocardial infarction was found.

The prospective studies of insulin levels and cardio-
vascular disease or coronary heart disease in nondia-
betic subjects are shown in Table 19.11. In Finland, 1-
and 2-hour insulin levels, but not fasting insulin, were
associated with coronary heart disease in men at 5 and
9.5 years followup98,103, while in South Wales, fasting
insulin was associated with coronary heart disease in
men at 5 years followup104b. In contrast, the Paris
Prospective Study found that fasting but not 2-hour
insulin predicted coronary heart disease in men at 5
years, while the reverse was true for the 15-year fol-
lowup99,104. In Busselton, Australia, post-challenge in-
sulin levels were associated with cardiovascular dis-
ease in men age 60-69 years after 12 but not after 13

Table 19.10
Cross-Sectional Association of Microalbuminuria and Heart Disease in Adults with NIDDM, International Studies

Ref. Population        
Ascertainment            

of NIDDM              Sex     No.
Microalbuminuria

(µg/ml)
Heart disease

endpoints       Association

Clinical Studies

85 London, England
 (1985-87, age 35-64 years)

Physician diagnosis M
F

78
52

continuous
up to 200

Angina, MI,
 abnormal ECG

p=0.007 (positive)
p=0.008 (positive)

82 London, England
 (1985-87, age 31-64 years)

Physician diagnosis M
F

82
59

20-200 Angina, MI,
 abnormal ECG

p<0.05*(positive)
p<0.01*(positive)

86 Edinburgh, Scotland
 (1987?, adults)

New NIDDM,
 physician diagnosis

M and F 149 >30 estimated
(ACR>2.5
g/mol)

Angina, MI,
 abnormal ECG

ns

Population-Based Studies

87 UKPDS
 (1982-87, age 25-65 years)

New NIDDM,
 physician diagnosis

M and F 2,337† continuous Abnormal ECG,
 history of MI

p<0.001*(positive)
ns*

ACR>2.5 g/mol Abnormal ECG, 
 history of  MI

p<0.01 (positive)
ns

84 Oxford, England
 (1982, age 28-89 years)

Known NIDDM, self-report
 and physician diagnosis
 or fasting plasma glucose

M and F 246 40-200 Angina, MI,
 CHD mortality
  (ICD 410-414)

ns*

ACR, albumin/creatinine ratio; ECG, electrocardiogram; CHD, coronary heart disease; MI, myocardial infarction; UKPDS, United Kingdom Prospective Diabetes Study; ns,
not statistically significant. *Univariate. †Subjects excluded were those with MI during past year, current angina or heart failure, more than one major vascular episode,
serum creatinine >175 µmol/l, severe retinopathy, malignant hypertension.

Source: References  are listed within the table
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years of followup97,102. No association was found in
women at either followup.

All five of the more recent studies shown in Table
19.11 found no association between high insulin lev-
els and increased coronary heart disease risk. This was
true in men from Gothenberg, Sweden105, in men from
the MRFIT107, and in two studies that presented data
on men and women combined: the study of Pima
Indians106 and the San Luis Valley Study108. The Ran-
cho Bernardo Study109 found no association between
insulin levels and cardiovascular disease in women
and a negative association between post-challenge in-
sulin levels and cardiovascular disease in men (a high
insulin was "protective").

Some of these differences among studies may reflect
ethnic or geographic variations. Thus far, significant
differences have been found only in Caucasian popu-

lations, with the strongest and most consistent asso-
ciation in the Helsinki Study98,103. In the MRFIT, hy-
perinsulinemia was a risk factor only in men with apo
E 3/2 phenotype, rather than the more usual apo E 3/3
phenotype107. The Finnish population is at high risk
for cardiovascular disease and dyslipidemia, perhaps
reflecting a different distribution of apo E phenotypes.

Some of the variation in Table 19.11 may reflect which
diabetic individuals were excluded. Only three studies
excluded all diabetic persons defined by current WHO
criteria106,108 ,109 ; none of these found a positive asso-
ciation between insulin and heart disease. While some
of the other studies adjusted for hypertension, which
is more common among individuals with diabe-
tes98,99,103,104 , they did not adjust for differences in the
use of antihypertensive medications that are associ-
ated with higher insulin levels110-112.

Table 19.11
Prospective Association of Endogenous Insulin and Heart Disease in Nondiabetic Adults, International Studies

Ref. Population
Diabetics
excluded†

Years
followup Sex No.  

End           
Points           

Multivariate association of
insulin with heart disease

97 Busselton, Australia
 (1966, age ≥21 years)

?
?

12
12

M
F

1,634
1,697

CHD/CVD
CHD/CVD

1-hour
1-hour

p<0.05/.01 (positive)
ns/ns

102 Busselton, Australia
 (1966, age 40-74 years)

?
?

13
13

M
F

840
724

CHD/CVD
CHD/CVD

1-hour
1-hour

ns/ns
ns/ns

98 Helsinki, Finland
 (1971-72, age 35-64 years)

known 5 M 1,042 MI/CHD Fasting
1-hour
2-hour

ns
p<0.01/ns* (positive)
p<0.01/.01 (positive)

103 Helsinki, Finland
 (1971-72, age 35-64 years)

known 9.5 M 982 MI and CHD Fasting
1-hour
2-hour

ns
p<0.05 (positive)
p<0.01 (positive)

99 Paris, France
 (1968-73, age 43-54 years)

known 5 M 7,246 MI and CHD Fasting
2-hour

p<0.01 (positive)
ns

104 Paris, France
 (1968-73, age 43-54 years)

insulin-
 treated

15 M 7,028 CHD Fasting
2-hour

ns
p<0.01** (positive)

104b Caerphilly, South Wales
 (1979-83, age 45-59 years)

known and
 borderline

5 M 2,022 MI and CHD Fasting p=0.04 (positive)†

105 Gothenburg, Sweden
 (1980, 67 years)

known 8 M 563 MI and CHD Fasting
1-hour

ns*
ns*

106 Pima Indians, USA
 (1975, age ≥25 years)

new and
 known

15  
 (mean=6.7)

M and F 589 Abnormal ECG Fasting
2-hour

ns
ns

107 MRFIT, USA
 (1973-76, age 35-57 years)

known 7-10
7-10

M
M (with Apo E 3/2)

622
58

MI and CHD
MI and CHD

Fasting
Fasting

ns
p=0.02 (positive)

108 San Luis Valley, USA
 (1984-88, age 25-74 years)

new and
 known

4 M and F 626 MI and CHD Fasting
Area

ns
ns

109 Rancho Bernardo, USA
 (1984-87, age 50-89 years)

new and
 known

5 M 538 CHD/CVD Fasting
2-hour

ns/ns
ns/p=0.01 (negative)

new and
 known

5 F 705 CHD/CVD Fasting
2-hour

ns/ns
ns/ns

MRFIT, Multiple Risk Factor Intervention Trial, a nested-case control study within a clinical trial; MI, nonfatal myocardial infarction; CHD, fatal coronary heart disease;
CVD, fatal cardiovascular disease; ns, not statistically significant. †Known, previously diagnosed diabetics; new, NIDDM by OGTT according to WHO criteria; *univariate
analysis; **highest quintile vs. lower quintiles; †age-adjusted, ns after adjustment for triglycerides, prevalent heart disease, or body mass index.

Source: References are listed within the table
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The lack of a positive association between endo-
genous insulin levels and coronary heart disease is
shown in Table 19.12 for four prospective population-
based or employee-based studies of adults with diabe-
tes or impaired glucose tolerance106,113-115 . In the Bed-
ford cohort113, there was a significant inverse associa-
tion: 2-hour insulin was "protective" for nonfatal
coronary heart disease.

Not shown in Table 19.12 are preliminary results from
the Diabetes Intervention Study, a German clinical
trial of patient education, clofibric acid, and antihy-
pertensive treatment in patients with newly diagnosed
NIDDM116. In that study, fasting insulin levels in 357
men showed a graded association with new ECG ab-
normalities (p<0.05) and myocardial infarction (not
significant) over 10 years; no associations were seen

Table 19.12
Prospective Association of Endogenous Insulin and Heart Disease in Adults with Diabetes or IGT, International
Studies

Ref. Population        
Type of     
diabetes     

Years
followup Sex No. 

End  
Points†  

Multivariate association of
insulin with heart disease

113 Bedford, UK (population-
based, 1962, adults)

Borderline
 diabetic

10 M and F 241 Fatal CHD
Nonfatal CHD

2-hour
2-hour

ns
p<0.01* (negative)

114 Paris, France (employees,
1968-73, age 43-54 years)

IGT and
 NIDDM

11 M 943 Fatal CHD Fasting
2-hour

ns
ns

115 Kuopio, Finland
(population-based, 1979-
81, age 45-64 years)

New NIDDM 5 M and F 109 Nonfatal MI Fasting
2-hour

ns
ns

106 Pima Indians, USA
(population-based, 1975,
age ≥25 years)

NIDDM 15
(mean=6.7)

M and F 405 Abnormal ECG Fasting
2-hour

ns
ns

IGT (impaired glucose tolerance) and NIDDM diagnosed by OGTT according to WHO criteria; ns, not statistically significant. †Subjects were free of heart disease at baseline;
CHD, coronary heart disease; ECG, electrocardiogram; MI, myocardial infarction. *A high insulin was "protective."

Source: References are listed within the table

Table 19.13
Prospective Association of Insulin Treatment and Cardiovascular Disease in Diabetic Adults, International Studies

Ref. Population          
Type of
diabetes

Years
followup Sex No.  

End            
points            

Association of insulin
treatment with heart disease

Observational Studies

54 NHANES I, USA
 (1971-75, age 40-77 years)

Unspecified 9 M and F 207 Fatal CVD Insulin/diet ns (positive)

106 Pima Indians, USA
 (1975, age ≥25 years)

NIDDM 15   
(mean=6.7)

M and F 824 Abnormal ECG* Insulin (yes/no) ns**

75 Pima Indians, USA
 (1975, age ≥45 years)

NIDDM 9 M and F 689 Fatal CHD Insulin (yes/no) significant**
(positive)

117 Schwabing, Germany
 (1980?, age 17-84 years)

Unspecified 5 M and F 197 Nonfatal CVD Insulin dose p<0.001
(positive)

118 Pittsburgh, USA
 (1981, adults)

IDDM 6 M and F 548 Fatal CHD Insulin dose ns

Randomized Clinical Trials

119 UGDP, USA
 (1961-65, adults)

NIDDM*** 9-13 M and F 619 Fatal and nonfatal CVD Insulin standard/diet
Insulin variable/diet

ns
ns

120 DCCT, USA
 (1983-89, age 13-39 years)

IDDM 6.5 M and F 1,441 Macrovascular disease Insulin intensive/
conventional

ns (negative)

121 VA Trial, USA
 (1991?, age 40-69 years)

NIDDM ≥2 M 153 CVD Insulin intensive/
conventional

p=0.04
(positive)

UGDP, University Group Diabetes Program; NHANES, National Health and Nutrition Examination Survey; DCCT, Diabetes Control and Complications Trial; VA, Veterans
Administration; ECG, electrocardiogram; CHD, coronary heart disease; ns, not statistically significant; CVD, cardiovascular disease. *Free of ECG abnormalities at baseline;
**adjusted for duration of diabetes; ***diagnosed within 12 months of first exam.

Source: References are listed within the table
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in 203 women. Insulin levels were measured after
randomization and may have been altered by antihy-
pertensive treatment.

EXOGENOUS INSULIN

If endogenous insulin is a heart disease risk factor, one
might expect an increased risk of heart disease in
patients treated with insulin. On the other hand, if
glucose levels are sufficiently reduced by insulin ther-
apy, the risk of heart disease might decrease. In the
absence of a trial, it is difficult or impossible to distin-
guish the effects of insulin use and dose from the
severity of diabetes.

As shown in Table 19.13, there have been five obser-
vational studies and three randomized clinical trials
that have investigated the prospective association be-
tween insulin treatment and cardiovascular dis-
ease54,75,106,117-121 . Three of the observational studies
found an increased risk of heart disease associated
with insulin use; this was statisticially significant in
the Pima Indians75 and in Germany117. The Pima In-
dian study adjusted for differences in duration of dia-
betes, as insulin use may be a marker for disease of
longer duration.

In the DCCT120, young adults with IDDM who were
randomly assigned to the stricter of two insulin treat-
ment protocols had a significant 34% reduction in
LDL cholesterol and a nonsignificant 41% reduction
in macrovascular disease (Table 19.13). The improve-

ment was not explained by differences in the duration
of diabetes, which was similar in the two randomized
groups, but could have been due to unmeasured dif-
ferences in diet or meal frequency in the group as-
signed to more rigid control.

In contrast is the preliminary report from the Feasibil-
ity Trial of the VA Cooperative Study on Glycemic
Control and Complications in Type II Diabetes121. In
this trial, 153 NIDDM patients were followed for 27
months. Those randomly assigned to intensive treat-
ment with insulin experienced significantly more car-
diovascular events than those assigned to conven-
tional treatment (p=0.04) (Table 19.13). In the first
randomized clinical trial of adults with NIDDM, the
University Group Diabetes Program119, there was no
difference in cardiovascular disease risk during 9-13
years followup between those receiving diet or insulin
in either standard or variable doses, despite lower
glucose levels in adults assigned to variable insulin
doses. All subjects had been diagnosed within 12
months of baseline, so duration of diabetes was not a
confounding issue. As recently reviewed, the role of
insulin as a heart disease risk factor remains contro-
versial122.

Dr. Deborah L. Wingard is Associate Professor and Dr. Eliza-
beth Barrett-Connor is Professor and Chair, Department of
Family and Preventive Medicine, School of Medicine, Univer-
sity of California at San Diego, La Jolla, CA.

444



1. National Diabetes Data Group: Diabetes in America. Harris
MI, Hamman RF, eds. Washington, DC, U.S. Govt. Printing
Office, 1985

2. National Diabetes Data Group: Classification and diagnosis
of diabetes mellitus and other categories of glucose intoler-
ance. Diabetes 28:1039-57, 1979

3. World Health Organization: Second report of the WHO ex-
pert committee on diabetes mellitus. Technical Report Series
#646. Geneva, Switzerland, 1980

4. Harris MI, Hadden WC, Knowler WC, Bennett PH: Preva-
lence of diabetes and impaired glucose tolerance and plasma
glucose levels in US population aged 20-74 years. Diabetes
36:523-34, 1987

5. Wingard DL, Sinsheimer P, Barrett-Connor EL, McPhillips
JB: Community-based study of prevalence of NIDDM in
older adults. Diabetes 13 (Suppl. 2):3-8, 1990

6. Scheidt-Nave C, Barrett-Connor E, Wingard DL: Resting
electrocardiographic abnormalities suggestive of asympto-
matic ischemic heart disease associated with non-insulin-de-
pendent diabetes mellitus in a defined population. Circula-
tion 81:899-906, 1990

7. Nesto RW, Phillips RT: Asymptomatic myocardial ischemia
in diabetic patients. Am J Med 80 (Suppl. 4c):40-47, 1986

8. Andresen EM, Lee JAH, Pecoraro RE, Koepsell TD, Hall-
strom AP, Siscovick DS: Underreporting of diabetes on death
certificates, King County, Washington. Am J Prev Health
83:1021-24, 1993

9. Rewers M, Shetterly SM, Baxter J, Marshall JA, Hamman RF:
Prevalence of coronary heart disease in subjects with normal
and impaired glucose tolerance and non-insulin-dependent dia-
betes mellitus in a biethnic Colorado population. The San Luis
Valley Diabetes Study. Am J Epidemiol 12:1321-30, 1992

10. Mitchell BD, Hazuda HP, Haffner SM, Patterson JK, Stern
MP: Myocardial infarction in Mexican-Americans and non-
Hispanic whites: The San Antonio Heart Study. Circulation
83:45-51, 1991

11. Fujimoto WY, Leonetti DL, Kinyoun JL, Shuman WP, Stolov
WC, Wahl PW: Prevalence of complications among second-
generation Japanese-American men with diabetes, impaired
glucose tolerance, or normal glucose tolerance. Diabetes
36:730-39, 1987

12. Fujimoto WY, Leonetti DL, Bergstrom RW, Kinyoun JL,
Stolov WC, Wahl PW: Glucose intolerance and diabetic
complications among Japanese-American women. Diabetes
Res and Clin Prac 13:119-30, 1991 

13. Wingard DL, Barrett-Connor E, Scheidt-Nave C, McPhillips JB:
Prevalence of cardiovascular and renal complications among
older adults with normal glucose tolerance, impaired glucose
tolerance and non-insulin-dependent diabetes mellitus: A
population-based study. Diabetes Care 16:1022-25, 1993

14. Krolewski AS, Kosinski EJ, Warram JH, Leland OS, Busick
EJ, Asmal AC, Rand LI, Christlieb AR, Bradley RF, Kahn CR:
Magnitude and determinants of coronary artery disease in
juvenile-onset, insulin-dependent diabetes mellitus. Am J
Cardiol 59:750-55, 1987

15. Gillum RF: Idiopathic cardiomyopathy in the United States,
1970-82. Am Heart J 111:752-55, 1986

16. Kannel WB, Hjortland M, Castelli WP: Role of diabetes in
congestive heart failure: The Framingham Study. Am J

Cardiol 34:29-34, 1974

17. Palumbo PJ, Elveback LR, Connolly DC: Coronary heart
disease and congestive heart failure in the diabetic. In Clini-
cal Cardiology and Diabetes, Volume 1, Scott RC, ed. Mount
Kisco, NY, Futura Inc, 1981

18. Stone PH, Muller JE, Hartwell T, York BJ, Rutherford JD,
Parker CB, Turi ZG, Strauss HW, Willerson JT, Robertson T:
The effect of diabetes mellitus on prognosis and serial left
ventricular function after acute myocardial infarction: Con-
tribution of both coronary disease and diastolic left ventricu-
lar dysfunction to the adverse prognosis. The MILIS Study
Group. J Am Coll Cardiol 14:49-57, 1989

19. Burchfiel CM, Reed DM, Marcus EB, Strong JP, Hayashi T:
Association of diabetes mellitus with coronary
atherosclerosis and myocardial lesions: An autopsy study
from the Honolulu Heart Program. Am J Epidemiol 137:1328-
40, 1993

20. Rennert G, Saltz-Rennert H, Wanderman K, Weitzman S:
Size of acute myocardial infarcts in patients with diabetes
mellitus. Amer J Cardiol 55 (13 pt 1):1629-30, 1985

21. Jaffe AS, Spadaro JJ, Schectman K, Roberts R, Geltman EM,
Sobel BE: Increased congestive heart failure after myocardial
infarction of modest extent in patients with diabetes melli-
tus. Am Heart J 108:31-37, 1984

22. Gwilt DJ, Petri M, Lewis PW, Nattrass M, Pentecost BL:
Myocardial infarct size and mortality in diabetic patients. Br
Heart J 54:466-72, 1985

23. Takahashi N, Iwasaka T, Sugiura T, Hasegawa T, Tarumi N,
Kimura Y, Kurihara S, Onoyama H, Inada M: Left ventricular
regional function after acute anterior myocardial infarction
in diabetic patients. Diabetes Care 12:630-35, 1989

24. Nitenberg A, Valensi P, Sachs R, Dali M, Aptecar E, Attali JR:
Impairment of coronary vascular reserve and ACh-induced
coronary vasodilation in diabetic patients with angiographi-
cally normal coronary arteries and normal left ventricular
systolic function. Diabetes 42:1017-25, 1993

25. van Hoeven KH, Factor SM: The diabetic heart: Clinical,
experimental and pathological features. Acta Cardiologica
3:329-39, 1991

26. Uusitupa MIJ, Mustonen JN, Airaksinen KEJ: Diabetic heart
muscle disease. Ann of Med 22:377-86, 1990

27. Zarich SW, Nesto RW: Diabetic cardiomyopathy. Curr Cardi-
ology 1000-11, 1989

28. Baum VC, Levitsky LL, Englander RM: Abnormal cardiac
function after exercise in insulin-dependent diabetic chil-
dren and adults. Diabetes Care 10:319-23, 1987

29. Riggs TW, Transue D: Doppler echocardiographic evaluation
of left ventricular diastolic function in adolescents with dia-
betes mellitus. Am J Cardiol 65:899-902, 1990

30. Mildenberger RR, Bar-Shalmi B, Druck MN, Jablonsky G,
Morch JE, Hilton JD, Kenshole AB, Forbath N, McLaughln
PR: Clinically unrecognized ventricular dysfunction in
young diabetic patients. J Am Coll Cardiol 4:234-38, 1984

31. Vered A, Battler A, Segal P, Liberman D, Yerushalmi Y,
Berezin M, Neufeld HN: Exercise induced left ventricular
dysfunction in young men with asymptomatic diabetes mel-
litus (diabetic cardiomyopathy). Am J Cardiol 54:633-37,
1984

32. Margonato A, Gerundini P, Vicedomini G, Gilardi MC, Pozza

REFERENCES

445



G, Fazio F: Abnormal cardiovascular response to exercise in
young asymptomatic diabetic patients with retinopathy. Am
Heart J 112:554-60, 1986

33. Bouchard A, Sanz N, Botvinick EH, Phillips N, Heilbron D,
Byrd BF, Karam JH, Schiller NB: Noninvasive assessment of
cardiomyopathy in normotensive diabetic patients between
20 and 50 years old. Am J Med 87:160-66, 1989

34. Illan F, Valdés-Chávarri M, Tebar J, García A, Pascual H, Soria F,
Hernández A, Vicente T: Anatomical and functional cardiac
abnormalities in type I diabetes. Clin Investig 70:403-10, 1992

35. Raev DC: Which left ventricular function is impaired earlier
in the evolution of diabetic cardiomyopathy? An echo-
cardiographic study of young type I diabetic patients. Diabe-
tes Care 17:633-39, 1994

36. Borow KM, Jaspan JB, Williams KA, Neumann A, Wolinski-
Walley P, Lang RM: Myocardial mechanics in young adult
patients with diabetes mellitus: Effects of altered load, inot-
ropic state and dynamic exercise. J Am Coll Cardiol 15:1508-
17, 1990

37. Rowland TW, Martha PM, Jr, Reiter EO, Cunningham LN: The
influence of diabetes mellitus on cardiovascular function in
children and adolescents. Int J Sports Med 5:431-35, 1992

38. Galderisi M, Anderson KM, Wilson PWF, Levy D: Echo-
cardiographic evidence for the existence of a distinct diabetic
cardiomyopathy. The Framingham Heart Study. Am J Cardiol
68:85-89, 1991 

39. Coughlin SS, Pearle DL, Baughman KL, Wasserman A, Tefft
MC: Diabetes mellitus and risk of idiopathic dilated
cardiomyopathy. The Washington, DC dilated
cardiomyopathy study. Ann Epidemiol 4:67-74, 1994

40. Rodriguez B, McNeill JH: The diabetic heart: Metabolic
causes for the development of a cardiomyopathy. Cardiovas-
cular Res 26:913-22, 1992

41. Robertson WB, Strong JP: Atherosclerosis in persons with hy-
pertension and diabetes mellitus. Lab Invest 18:78-91, 1968

42. Vigorita VJ, Moore GM, Hutchins GM: Absence of correla-
tion between coronary arterial atherosclerosis and severity or
duration of diabetes mellitus of adult onset. Am J Cardiol
46:535-42, 1980

43. Waller BF, Palumbo PJ, Lie JT, Roberts WC: The heart in
diabetes mellitus as viewed from a morphologic perspective.
In Clinical Cardiology and Diabetes, Volume 1. Scott RC, ed.
Mount Kisco, NY, Futura Inc, 1981

44. van Hoeven KH, Factor SM: A comparison of the pathologi-
cal spectrum of hypertensive, diabetic, and hypertensive-dia-
betic heart disease. Circulation 82:848-55, 1990

45. Yarom R, Zirkin H, Stämmler G, Rose AG: Human coronary
microvessels in diabetes and ischaemia. Morphometric study
of autopsy material. J Path 166:265-70, 1992

46. Peng S, French WJ: Morphological changes in small vessels on
endomyocardial biopsy. Ann Clin and Lab Sci 16:180-88, 1986

47. van Hoeven KH, Factor SM: Endomyocardial biopsy diagno-
sis of small vessel disease: A clinicopathologic study. Intl J
Cardio 26:103-10, 1990

48. Wilson PWF, Cupples AD, Kannel WB: Is hyperglycemia
associated with cardiovascular disease? The Framingham
Study. Am Heart J 2:586-90, 1991

49. Laws A, Marcus EB, Grove JS, Curb JD: Lipids and lipopro-
teins as risk factors for coronary heart disease in men with
abnormal glucose tolerance: The Honolulu Heart Program. J
Int Med 234:471-78, 1993

50. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Krolewski
AS, Rosner B, Arky RA, Speizer FE, Hennekens CH: A pro-
spective study of maturity-onset diabetes mellitus and risk of
coronary heart disease and stroke in women. Arch Intern Med
151:1141-47, 1991

51. Seaman T, deLeon CM, Berkman L, Ostfeld A: Risk factors
for coronary heart disease among older men and women: A
prospective study of community-dwelling elderly. Am J
Epidemiol 138:1037-49, 1993

52. Wingard DL, Cohn BA: Coronary heart disease among
women in Alameda County, 1965-73. Chapter 11 in Coro-
nary Heart Disease in Women: Proceedings of an NIH Work-
shop. New York, Haymarket Doyma, Inc., 1987

53. Pan W, Cedres LB, Liu K, Dyer A, Schoenberger JA, Shekelle
RB, Stamler R, Smith D, Collette P, Stamler J: Relationship of
clinical diabetes and asymptomatic hyperglycemia to risk of
coronary heart disease mortality in men and women. Am J
Epidemiol 123:504-16, 1986

54. Kleinman JC, Donahue RP, Harris MI, Finucane FF, Madans
JH, Brock DB: Mortality among diabetics in a national sam-
ple. Am J Epidemiol 128:389-401, 1988

55. Barrett-Connor E, Cohn BA, Wingard DL, Edelstein SL: Why
is diabetes mellitus a stronger risk factor for fatal ischemic
heart disease in women than in men? The Rancho Bernardo
Study. JAMA 265:627-31, 1991

56. Moss SE, Klein R, Klein BE: Cause-specific mortality in a
population-based study of diabetes. J Am Public Health
81:1158-62, 1991

57. Granger CB, Califf RM, Young S, Candela R, Samaha J,
Worley S, Kereiakes DJ, Topol EJ: Outcome of patients with
diabetes mellitus and acute myocardial infarction treated
with thrombolytic agents. J Am Coll Cardiol 21:920-25, 1993

58. Singer DE, Moulton AW, Nathan DM: Diabetic myocardial
infarction: Interaction of diabetes with other preinfarction
risk factors. Diabetes 38:350-57, 1989

59. Smith JW, Marcus FI, Serokman R: Prognosis of patients with
diabetes mellitus after acute myocardial infarction. Am J
Cardiol 54:718-21, 1984

60. Cooper RS, Pacold IV, Ford ES: Age-related differences in
case-fatality rates among diabetic patients with myocardial
infarction: Findings from National Hospital Discharge Sur-
vey, 1979-1987. Diabetes Care 14:903-08, 1991

61. Sprafka JM, Burke GL, Folsom AR, McGovern PG, Hahn LP:
Trends in prevalence of diabetes mellitus in patients with
myocardial infarction and effect of diabetes on survival. The
Minnesota Heart Survey. Diabetes Care 14:537-43, 1991

62. Donahue RP, Goldbert RJ, Chen Z, Gore JM: The influence of
sex and diabetes mellitus on survival following acute myo-
cardial infarction: A community-wide perspective. J Clin
Epidemiol 46:245-52, 1993

63. Orlander PR, Goff DC, Morrissey M, Ramsey DJ, Wear ML,
Labarthe DR, Nichaman MZ: The relation of diabetes to the
severity of acute myocardial infarction and post-myocardial
infarction survival in Mexican-Americans and non-hispanic
whites: The Corpus Christi Heart Project. Diabetes 43:897-
902, 1994

64. Abbott RD, Donahue RP, Kannel WB, Wilson PWF: The
impact of diabetes on survival following myocardial in-
farction in men vs. women. The Framingham Study. JAMA
23:3456-60, 1988

65. Wong ND, Cupples A, Ostfeld AM, Levy D, Kannel WB: Risk
factors for long-term coronary prognosis after initial myocar-

446



dial infarction: The Framingham Study. Am J Epidemiol
3:469-80, 1989

65b. Lehto S, Pyörälä K, Miettinen H, Ronnemaa T, Palomaki P,
Tuomilehto J, Laakso M: Myocardial infarct size and mortal-
ity in patients with noninsulin-dependent diabetes mellitus.
J Int Med 236:291-97, 1994

66. Rytter L, Troelsen S, Beck-Nielsen H: Prevalence and mortal-
ity of acute myocardial infarction in patients with diabetes.
Diabetes Care 8:230-34, 1985

67. Yudkin JS, Oswald GE: Determinants of hospital admission
and case fatality in diabetic patients with myocardial in-
farction. Diabetes Care 11:351-58, 1988

68. Fava S, Azzopardi J, Muscat HA, Fenech FF: Factors that
influence outcome in diabetic subjects with myocardial in-
farction. Diabetes Care 16:1615-18, 1993

69. Zola B, Kahn JK, Juni JE, Vinik AI: Abnormal cardiac func-
tion in diabetic patients with autonomic neuropathy in the
absence of ischemic heart disease. J Clin Endocrinol Metab
63:208-14, 1986

70. Orchard TJ, Dorman JS, Maser RE, Becker DJ, Drash AL, Ellis
D, LaPorte RE, Kuller LH: Prevalence of complications in
IDDM by sex and duration: Pittsburgh Epidemiology of
Diabetes Complications Study II. Diabetes 39:1116-24, 1990

71. Orchard TJ: From diagnosis and classification to complica-
tions and therapy. DCCT Part II? The 1993 Kelly West
Lecture. Diabetes Care 17:326-28, 1994

72. Knuiman MW, Welborn TA, McCann VJ, Stanton KG, Con-
stable IJ: Prevalence of diabetic complications in relation to
risk factors. Diabetes 35:1332-39, 1986

73. Barrett-Connor E, Phillippi T, Khaw KT: Lipoproteins as
predictors of ischemic heart disease in non-insulin-depend-
ent diabetic men. Am J Prev Med 3:206-10, 1987

73b. Kuusisto J, Mykkanen L, Pyörälä K, Laakso M: NIDDM and
its metabolic control predict coronary heart disease in eld-
erly subjects. Diabetes 43:960-67, 1994

74. Wingard DL, Barrett-Connor E: Family history of diabetes
and cardiovascular disease risk factors and mortality among
euglycemic, borderline hyperglycemic, and diabetic adults.
Am J Epidemiol 125:948-58, 1987

75. Nelson RG, Sievers ML, Knowler WC, Swinburn BA, Pettitt
DJ, Saad MF, Liebow IM, Howard BV, Bennett PH: Low
incidence of fatal coronary heart disease in Pima Indians
despite high prevalence of non-insulin-dependent diabetes.
Circulation 81:987-95, 1990

76. Goldschmid MG, Barrett-Connor E, Edelstein SL, Wingard
DL, Cohn BA, Herman WH: Dyslipidemia and ischemic
heart disease mortality among men and women with diabe-
tes. Circulation 1994. In press.

77. ADA Consensus Panel: Role of cardiovascular risk factors in
prevention and treatment of macrovascular disease in diabe-
tes. Diabetes Care 12:573-79, 1993

78. Stamler J, Vaccaro O, Neaton JD, Wentworth D: Diabetes,
other risk factors, and 12-year cardiovascular mortality for
men screened in the Multiple Risk Factor Intervention Trial.
Diabetes Care 2:434-44, 1993

79. Jarrett RJ, Viberti GC, Argyropoulous A, Hill RD, Mahmud
U, Murrells TJ: Microalbuminuria predicts mortality in non-
insulin-dependent diabetes. Diabetic Medicine 1:17-19, 1984

80. Mogensen CE: Microalbuminuria predicts clinical prote-
inuria and early mortality in maturity-onset diabetes. New
Engl J Med 310:356-60, 1984

81. Schmitz A, Vaeth M: Microalbuminuria: A major risk factor
in non-insulin-dependent diabetes. A 10-year follow-up
study of 503 patients. Diabetic Medicine 5:126-34, 1988

82. Mattock MB, Morrish NJ, Viberti G, Keen H, Fitzgerald AP,
Jackson G: Prospective study of microalbuminuria as predic-
tor of mortality in NIDDM. Diabetes 41:736-41, 1992

83. Damsgaard EM, Frøland A, Jørgensen OD, Mogensen CE:
Eight- to nine-year mortality in known non-insulin depend-
ent diabetics and controls. Kidney Intl 41:731-35, 1992

84. Neil A, Hawkins M, Potok M, Thorogood M, Cohen D, Mann
J: A prospective population-based study of microalbu-
minuria as a predictor of mortality in NIDDM. Diabetes Care
16:996-1003, 1993

85. Mattock MB, Keen H, Viberti GC, El-Gohari MR, Murrells
TJ, Scott GS, Wing JR, Jackson PG: Coronary heart disease
and urinary albumin excretion rate in type 2 (non-insulin-
dependent) diabetic patients. Diabetologia 31:82-87, 1988

86. Patrick AW, Leslie PJ, Clarke BF, Frier BM: The natural
history and associations of microalbuminuria in type 2 dia-
betes during the first year after diagnosis. Diabetic Medicine
7:902-08, 1990

87. UK Prospective Diabetes Study: Complications in newly di-
agnosed type 2 diabetic patients and their association with
different clinical and biochemical risk factors: UKPDS
Group. Diabetes Research 13:1-11, 1990

88. Haffner SM, Morales PA, Gruber MK, Hazuda HP, Stern MP:
Cardiovascular risk factors in non-insulin-dependent dia-
betic subjects with microalbuminuria. Arteriosclerosis and
Thromobosis 13:205-10, 1993

89. Niskanen L, Uusitupa M, Sarlund H, Siitonen O, Voutilainen
E, Penttilä I, Pyörälä K: Microalbuminuria predicts the de-
velopment of serum lipoprotein abnormalities favouring
atherogenesis in newly diagnosed type 2 (non-insulin-de-
pendent) diabetic patients. Diabetologia 33:237-43, 1990

90. Yudkin JS, Forrest RD, Jackson CA: Microalbuminuria as
predictor of vascular disease in non-diabetic subjects: Is-
lington Diabetes Survey. Lancet 530-33, 1988

91. Pedrinelli R, Giampietro O, Carmassi F, Melillo E, Dell’Omo
G, Catapanos G, Matteucci E, Talarico L, Morale M, DeNegri
F, DiBello V: Microalbuminuria and endothelial dysfunction
in essential hypertension. Lancet 344:14-18, 1994

92. Stout RW: Insulin and atheroma: 20-year perspective. Diabe-
tes Care 13:631-54, 1990

93. Taylor SI, Accili D, Imai Y: Perspectives in diabetes: Insulin
resistance or insulin deficiency. Which is the primary cause
of NIDDM? Diabetes 43:735-40, 1994

94. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, Patterson JK:
Cardiovascular risk factors in confirmed prediabetic indi-
viduals: Does the clock for coronary heart disease start tick-
ing before the onset of clinical diabetes? JAMA 263:2893-98,
1990

95. McPhillips JB, Barrett-Connor E, Wingard DL: Cardiovascu-
lar disease risk factors prior to the diagnosis of impaired
glucose tolerance and non-insulin-dependent diabetes mel-
litus in a community of older adults. Am J Epidemiol
131:443-53, 1990

96. Harris MI: Impaired glucose tolerance in the U.S. popula-
tion. Diabetes Care 12:464-74, 1989

97. Welborn TA, Wearne K: Coronary heart disease incidence
and cardiovascular mortality in Busselton with reference to
glucose and insulin concentrations. Diabetes Care 2:154-60,
1979

447



98. Pyörälä K: Relationship of glucose tolerance and plasma
insulin to the incidence of coronary heart disease: Results
from two population studies in Finland. Diabetes Care 2:131-
41, 1979

99. Ducimetiere P, Eschwege E, Papoz L, Richard JL, Claude JR,
Rosselin G: Relationship of plasma insulin levels to the
incidence of myocardial infarction and coronary heart dis-
ease mortality in a middle-aged population. Diabetologia
19:205-10, 1980

100. Modan M, Or J, Karasik A, Drory Y, Fuchs Z, Lusky A,
Chetrit A, Halkin H: Hyperinsulinemia, sex and risk of
atherosclerotic cardiovascular disease. Circulation 84:1165-
75, 1991

101. Mykkänen L, Laakso M, Pyörälä K: High plasma insulin level
associated with coronary heart disease in the elderly. Am J
Epidemiol 137:1190-1202, 1993

102. Cullen K, Stenhouse NS, Wearne KL, Welborn TA: Multiple
regression analysis of risk factors for cardiovascular disease
and cancer mortality in Busselton, Western Australia 13-year
study. J Chron Dis 36:371-77, 1983

103. Pyörälä K, Savolainen E, Kaukola S, Happakoski J: Plasma
insulin as coronary heart disease risk factor: Relationship to
other risk factors and predictive value during 91

2
 year follow-

up of the Helsinki Policemen Study population. Acta Med
Scand (Suppl.) 701:38-52, 1985

104. Fontbonne A, Charles MA, Thibult N, Richard JL, Claude JR,
Warnet JM, Rosselin GE, Eschwege E: Hyperinsulinemia as
a predictor of coronary heart disease mortality in a healthy
population: The Paris Prospective Study, 15-year follow-up.
Diabetologia 34:356-61, 1991

104b. Yarnell JWG, Sweetnam PM, Marks V, Teale JD, Bolton CH:
Insulin in ischemic heart disease: Are associations explained
by triglyceride concentrations? The Caerphilly prospective
study. Br Heart J 71:293-96, 1994

105. Welin L, Eriksson H, Larsson B, Ohlson LO, Svardsudd K,
Tibblin G: Hyperinsulinemia is not a major coronary risk
factor in elderly men. The study of men born in 1913.
Diabetologia 35:766-70, 1992

106. Liu QZ, Knowler WC, Nelson RG, Saad MF, Charles MA,
Liebow IM, Bennett PH, Pettitt DJ: Insulin treatment, endo-
genous insulin concentration, and ECG abnormalities in
diabetic Pima Indians. Cross-sectional and prospective
analyses. Diabetes 41:1141-50, 1992

107. Orchard TJ, Eichner J, Kuller LH, Becker DJ, McCallum LM,
Grandits GA: Insulin as a predictor of coronary heart disease:
Interaction with apo E phenotype. A report from MRFIT. Ann
Epidemiol 4:40-45, 1994

108. Rewers M, Shetterly SM, Baxter J, Hamman RF: Insulin and
cardiovascular disease in Hispanics and non-Hispanic white
(NHW): The San Luis Valley Diabetes Study. Circulation
85:865, 1992

109. Ferrara A, Barrett-Connor E, Edelstein SL: Hyperinsulinemia
does not increase the risk of fatal cardiovascular disease in
elderly men or women without diabetes, the Rancho Ber-
nardo Study, 1984 to 1991. Am J Epidemiol 140: 857-69, 1994

110. Lithell HOL: Effect of antihypertensive drugs on insulin,
glucose, and lipid metabolism. Diabetes Care 14:203-09,

1991

111. Flack JM, Sowers JR: Epidemiologic and clinical aspects of
insulin resistance and hyperinsulinemia. Am J Med 91:1A-
11S, 1991

112. Saxman KA, Barrett-Connor EL, Morton DJ: Thiazide-asso-
ciated metabolic abnormalities and estrogen replacement
therapy: An epidemiological analysis of postmenopausal
women in Rancho Bernardo, California. J Clin Endocrinol
Metab 78:1059-63, 1994

113. Jarrett RJ, McCartney P, Keen H: The Bedford Survey: Ten
year mortality rates in newly diagnosed diabetics, borderline
diabetics and normoglycaemic controls and risk indices for
coronary heart disease in borderline diabetics. Diabetologia
22:79-84, 1982

114. Fontbonne A, Eschwege E, Cambien F, Richard J-L,
Ducimetiere P, Thibult N, Warnet J-M, Claude J-R, Rosselin
G-E: Hypertriglyceridaemia as a risk factor of coronary heart
disease mortality in subjects with impaired glucose tolerance
or diabetes. Results from the 11-year follow-up of the Paris
Prospective Study. Diabetologia 32:300-04, 1989

115. Uusitupa MIJ, Niskanen LK, Siitonen O, Voutilainen E,
Pyörälä K: 5-year incidence of atherosclerotic vascular dis-
ease in relation to general risk factors, insulin level, and
abnormalities in lipoprotein composition in non-insulin-de-
pendent diabetic and nondiabetic subjects. Circulation
82:27-36, 1990

116. Hanefeld M: Intervention on multiple coronary risk factors
in non-insulin-dependent diabetes: The Diabetes Interven-
tion Study. In The Atherosclerosis IX: Proceedings of the Ninth
International Symposium on Atherosclerosis. Stein O, Eisenber
S, Stein Y, eds. Tel Aviv, Israel, R&L Creative Communica-
tions Ltd., 1992

117. Janka HU, Ziegler AG, Standl E, Mehnert H: Daily insulin
dose as a predictor of macrovascular disease in insulin
treated non-insulin-dependent diabetics. Diabete & Metabo-
lisme 13:359-64, 1987

118. Moy CS, LaPorte RE, Dorman JS, Songer TJ, Orchard TJ,
Kuller LH, Becker DJ, Drash AL: Insulin-dependent diabetes
mellitus mortality: The risk of cigarette smoking. Circulation
82:37-43, 1990

119. Knatterud GL, Klimt CR, Levin ME, Jacobson ME, Goldner
MG: Effects of hypoglycemic agents on vascular complica-
tions in patients with adult-onset diabetes. VI. Mortality and
selected nonfatal events with insulin treatment. JAMA
240:37-42, 1978

120. Diabetes Control and Complications Trial Research Group:
The effect of intensive treatment of diabetes on the develop-
ment and progression of long-term complications in insulin-
dependent diabetes mellitus. N Eng J Med 329:977-86, 1993

121. Abraira C, Johnson N, Colwell J, and the VA CSDM Group:
VA cooperative study on glycemic control and complications
in type II diabetes (VA CSDM): Results of the completed
feasibility trial. Diabetes 43 (Suppl.):59A, 1994

122. Stern MP: The insulin resistance syndrome: The controversy
is dead, long live the controversy! Diabetologia 37:956-58,
1994

448


