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I

ntermittent claudication, the main symptom of peripheral
arterial disease, usually becomes manifest later in life
(1). Peripheral arterial disease also occurs more frequently in the presence of diabetes, particularly diabetes
of long duration (2-4). Detailed epidemiologic descriptions
of the influence of diabetes on peripheral vascular disease,
however, are sparse. In addition, the consequences of each
condition on cardiovascular sequelae in general population
samples are not well defined.
The purpose of this article is to further investigate the
development of intermittent claudication among diabetic
subjects, taking into account the confounding effect of several concomitant risk factors, and to examine the prognosis
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associated with development of intermittent claudication in
the patient with diabetes. Data for this study are based on
34 yr of follow-up of the cohort of subjects originally enrolled
in the Framingham study and followed biennially for the development of coronary heart disease, stroke, and cardiac
failure.
MATERIALS AND METHODS

Since 1948, the Framingham study has biennially followed
5209 men and women for the development of cardiovascular
disease. At the time of study entry, subjects were aged 3 0 62 yr. Sampling methods, response rates, and examination
procedures have been described elsewhere (5,6). For this
article, data were available from 18 examinations comprising
34 yr of follow-up.
In the Framingham study, a diagnosis of diabetes was
based on a history of treatment with insulin or oral hypoglycemic agents, abnormal glucose tolerance tests, and casual
blood glucose concentrations of >150 mg/dl on at least two
Framingham examinations. Although the study did not include glucose tolerance tests, records of such tests were
obtained from private physicians and hospitals. A glucose
tolerance test was considered acceptable for study if it was
taken after a 12-h fast and the ingestion of a 100-g load. The
test was considered abnormal if a blood glucose concentration of > 160 mg/dl was achieved 1 h after challenge and
>140 mg/dl after 2 h. All subjects who exhibited characteristics of diabetes had their records carefully reviewed by
study investigators before a final diagnosis was made. Those
with other explanations for transiently elevated blood glucose levels were not defined as diabetic. Blood glucose was
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The impact of diabetes on intermittent claudication
was examined in 1813 men and 2504 women with 34-yr
follow-up data in the Framingham study. For both
sexes, diabetes was associated with a two- to threefold
excess risk of intermittent claudication compared with
its absence. A pronounced excess risk was also
observed in subjects on oral hypoglycemic therapy
and in women receiving insulin. Although diabetes
was often associated with an atherogenic-risk profile,
controlling for age and several concomitant risk
factors failed to eliminate the association with
intermittent claudication. Those who developed both
intermittent claudication and diabetes were at an
especially high risk of incident cardiovascular events.
In women, the risk of coronary heart disease, stroke,
and cardiac failure was increased 3-4 times when
diabetes and intermittent claudication occurred
together compared with when either condition existed
alone. In diabetic men, the presence of intermittent
claudication doubled the risk of stroke, and cardiac
failure was ~3 times more likely in subjects with both
conditions compared with either alone. We conclude
that diabetes is an important risk factor for intermittent
claudication, which in turn confers a serious prognosis
for subsequent cardiovascular outcomes in the patient
with diabetes. Diabetes 38:504-509, 1989
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of first appearances were then combined to form age-adjusted 2-yr incidence rates among diabetic and nondiabetic
subjects (10). Tests of significance and estimated relative
risks of claudication, comparing subjects with and without
diabetes, were based on logistic regression models for survival data analysis (11) and were adjusted for age and several other risk factors. Diabetes that developed in the course
of follow-up among the sample who were nondiabetic at the
10th exam was modeled as a time-dependent covariate; i.e.,
individuals who developed diabetes contributed to the survival experience of the diabetic sample when their diabetes
was first observed.
To determine the prognosis for additional cardiovascular
events among diabetic and nondiabetic subjects and intermittent claudication, follow-up was extended to include incident cases of coronary heart disease, stroke, and cardiac
failure (6). As with the incidence calculations for intermittent
claudication, subjects were followed every 2 yr for a cardiovascular event, providing data for estimating age-adjusted
2-yr incidence rates. As before, tests of significance were
based on logistic regression models for survival data analysis.

RESULTS

For this article, the effect of diabetes on intermittent claudication was examined in 1813 men and 2504 women.
Among these groups, 318 men and 326 women had diabetes. The average age when follow-up began was virtually
identical (within 1 yr) for subjects with and without diabetes
for either sex. For men, the average age was 60.3 yr (8.5SD),
and for women, the average was 61.0 yr (8.5SD).
Risk of intermittent claudication. Except for the oldest
men, subjects with diabetes were more likely to develop
intermittent claudication than those without diabetes (Table
1). Diabetic women were also more likely to develop claudication compared with those who were nondiabetic, regardless of age. Statistically significant differences occurred
in men aged 50-59 and 60-69 yr and for the three age
groups of women within 50-79 yr.
Men were also more likely to be victims of intermittent
claudication than women for all but the oldest age group.
Nondiabetic men who were aged 50-59 and 60-69 yr were
at significantly greater risk of claudication compared with
similarly aged women. Although the incidence of intermittent
claudication increased with age up to 70 yr for all groups of

TABLE 1
Two-year incidence of intermittent claudication by age, sex, and diabetic status
Diabetic men

Nondiabetic men*

Diabetic women

Nondiabetic women

Age

(yO

Rate/1000

<50
50-59
60-69
70-79
>79

15.6
18.1t
32.5§
17.0
0.0

n/person-exams ;
2 of
8 of
24 of
8 of
Oof

128
441
738
470
75

Rate/1000
0.0
4.8
10.8||
11.311
3.4

n/person-exams
Oof
12 of
43 of
27 of
2 of

95
2506
3987
2389
593

Rate/1000
9.1
12.3+
26.2§
15.7f
5.0

n/person-exams >
1 of
5 of
19 of
9 of
1 of

110
405
724
575
201

Rate/1000
0.0
4.1
6.2
4.9
3.6

n/person-exams
Oof
14 of
38 of
21 of
5 of

128
3375
6143
4286
1386

n - number of events at risk of occurring.
*P < .01, significant age effect on the incidence of intermittent claudication in nondiabetic men who were <80 yr old.
f P < .01, $P < .05, §P < .001, excess risk compared with nondiabetic subjects in the same age and sex group.
|| P < .05, HP < .01, excess risk compared with nondiabetic women in the same age group.
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routinely determined by the method of Somogyi-Nelson (7).
The definition of intermittent claudication has been described elsewhere (6). Minimum criteria consisted of tightness or cramping discomfort in the calf, clearly provoked by
walking, with rapidly increasing pain when walking quickly
or uphill, and being relieved within a few minutes of rest.
Interviews for symptoms of claudication were conducted by
study physicians using standardized forms for uniformity of
assessment. All diagnoses of intermittent claudication were
confirmed by at least two study investigators.
Several suspected risk factors associated with diabetes
and intermittent claudication were measured at various Framingham examinations. Those considered in this article include systolic blood pressure, body mass index (kg/m2),
hematocrit, uric acid, left ventricular hypertrophy by ECG,
cigarette smoking, total cholesterol, and concentrations of
cholesterol in the class of high-density lipoprotein (HDLchol), low-density lipoprotein (LDL-chol), and very-low-density lipoprotein (VLDL-chol). Procedures used to measure
uric acid (8), levels of lipoprotein cholesterol (9), and the
other risk factors are described elsewhere (6).
Among subjects with diabetes, risk factors were measured
at the Framingham examination when diabetes was first diagnosed. For comparison with a group of nondiabetic subjects, risk factors were measured at the 10th biennial examination in those who were free of diabetes. The 10th
examination was chosen so that the average age of those
with and without diabetes would be similar.
Unfortunately, not all risk factors were measured at every
biennial examination. Lipoprotein cholesterol levels were
measured in a fasting state once from 1969 to 1971, beginning with the 10th examination. Uric acid was determined at
exams 1-4 and 13. Information on the other risk factors is
available from each biennial exam. In the event that information was missing, risk-factor data from the most recent
exam were used.
All subjects were free of intermittent claudication at the
time of risk-factor measurement. For all risk factors, ageadjusted comparisons between subjects with and without
diabetes were based on analysis of covariance and logistic
regression models (10).
Beginning at the examination when diabetes was first diagnosed, or the 10th exam for nondiabetic subjects, subjects
without intermittent claudication were followed every 2 yr for
symptoms of claudication at subsequent biennial examinations. Person-exams at risk of claudication and the number
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TABLE 2
Age-adjusted mean risk factors
Men
Diabetic
(n = 318)

Risk factor
Blood glucose (mg/dl)
Systolic blood pressure (mmHg)
Body mass index (kg/m2)
Hematocrit (%)
Uric acid (mg/dl)
Left ventricular hypertrophy (%)
Cigarette use (%)
Total cholesterol (mg/dl)
HDL-chol (mg/dl)
LDL-chol (mg/dl)
VLDL-chol (mg/dl)

146.8
145.0
27.4
46.6
5.3
6.3
35.6
223.1
42.1
138.2
37.3

Women
Nondiabetic
(n - 1495)
87.4
136.9
26.0
45.2
4.9
1.7
43.0
223.4
46.1
143.1
30.1

± 75.8*
± 23.0*
± 3.9*
± 4.1*
± 1.3*
± 24.3*
± 48.0f
± 42.5
± 12.5*
± 39.9
± 28.4*

±
±
±
±
±
±
±
±
±
±
±

Nondiabetic
(n = 2178)

Diabetic
(n - 326)

16.7
21.6
3.4
3.6
0.9
13.1
49.5
40.4
13.1
36.7
21.5

134.3
149.2
28.0
43.9
4.4
5.9
32.3
248.2
53.0
155.9
33.1

85.9 dt 16.4
139.6 dt 24.4
25.4 dt 4.3
41.9 dt 3.5
3.9 dt 0.8
1.8 dt 13.3
33.6 dt 47.3
243.6 dt 44.3
57.6 di 15.4
156.1 i ;38.9
27.9 ± 18.6

±68.0*
± 28.2*
± 6.4*
± 4.1*
± 1.1*
± 24.0*
± 46.3
± 49.2
± 16.6*
±42.7
± 23.5*

subjects, a significant effect of age was observed in only
nondiabetic men <80 yr.
The differences in the incidence of intermittent claudication between men and women was greater for those with
diabetes compared with those without diabetes for individuals <70 yr, with less apparent influences due to gender
and diabetes occurring in those who were older (Table 1).
Interaction effects on the incidence of intermittent claudication involving age, sex, and diabetes, however, were not
statistically significant.
Compared with nondiabetic individuals, those with diabetes had significantly higher levels of systolic blood pressure, hematocrit, uric acid, and VLDL-chol and had lower
concentrations of HDL-chol (Table 2). Those with diabetes
were also significantly heavier and more likely to have left
ventricular hypertrophy than those without diabetes. Neither
total cholesterol nor LDL-chol showed any relationship to
diabetic status. Although subjects with diabetes were less
likely to smoke cigarettes than those without diabetes, a
significant difference was noted only in men.
After age adjustment, subjects with diabetes had a threefold excess risk (P < .001) of intermittent claudication compared with those without diabetes (Table 3). Risk ratios were
greater for women than men. Based on the risk-factor comparisons described in Table 2, relative risks were estimated
after additional adjustment for systolic blood pressure, body
mass index, hematocrit, uric acid, HDL-chol, VLDL-chol, and

the use of cigarettes. After risk-factor adjustment, the excess
risk of intermittent claudication in diabetic subjects was
somewhat reduced, but it remained significant (P < .01).
The rate of intermittent claudication in diabetic subjects was
twice the rate for those without diabetes, taking other risk
factors into account.
Although intermittent claudication was strongly related to
diabetes, the elevated risk did not appear to be altered by
its duration (Table 4). There was no apparent or significant
trend in the incidence of intermittent claudication for either
men or women across levels of diabetes duration ranging
from <6 to >18 yr.
The incidence of intermittent claudication was further examined in relation to the use of diabetic medication. Without
exception, the incidence of claudication was lowest for the
nondiabetic subjects (Table 5). After adjusting for the risk
factors, diabetic men on oral hypoglycemic therapy had the
highest rate of intermittent claudication, significantly higher
than those without diabetes (P < .05). For women, the highest rates of diabetes occurred among those receiving insulin
or oral agents, more than tripling the rate experienced by
those without diabetes (P < .01). There were no significant
differences among the rates of intermittent claudication for
the treated and untreated diabetic men and women after
risk-factor adjustment.
Prognosis. Among subjects with diabetes, a prognostic
comparison was made between those with and without in-

TABLE 3
Age-adjusted 2-yr incidence and estimated relative risks of intermittent claudication
2-yr incidence
Diabetic

Men
Women

Estimated relative risk

Nondiabetic

Age adjusted

Risk-factor a d j u s t e d *

Rate/1000

nl person-exams

Rate/1000

n/person-exams

Rate/1000

95°/ E> Cl

Rate/1000

9 5 % Cl

22.9
17.3

42 of 1852
35 of 2015

8.8
5.1

84 of 9570
78 of 15,318

2.7f
3.4f

(1.8, 3.9)
(2.3, 5.1)

2.0*
2.4*

(1.2,3.3)
(1.4,4.2)

n = number of patients at risk; Cl, confidence interval.
*Adjusted for age, systolic blood pressure, body mass index, hematocrit, uric acid, high-density and very-low-density lipoprotein cholesterol,
and the use of cigarettes.
•fP < .001, $P < .01, excess risk compared with nondiabetic subjects.
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Values are means ± SD. HDL-chol, high-density lipoprotein cholesterol; LDL-chol, low-density lipoprotein cholesterol; VLDL-chol, verylow-density lipoprotein cholesterol.
*P < .001, -\P < .05, vs. nondiabetic subjects.
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TABLE 4
Age-adjusted 2-yr incidence of intermittent claudication by
duration of diabetes
Women

Men
Duration of
diabetes (yr)

Rate/1000

<6
>6 and <12
s i 2 a n d <18
>18
Unknown

19.7
18.4
24.9
20.9
30.8

n/personexams
10 of
10 of
7 of
2 of
13 of

509
544
280
95
424

Rate/1000
16.4
21.4
17.0
18.1
14.0

n/personexams
9 of
12 of
5 of
2 of
7 of

534
579
324
129
449

Duration of diabetes and incidence of intermittent claudication were
not significantly related, n = number of patients at risk.

DISCUSSION

As with most observational studies, findings from Framingham may be influenced by selective survival experiences or by the often healthier predisposition of individuals
who volunteer for medical evaluation. Unfortunately, the effect of these influences cannot be evaluated for this article.
Nevertheless, results from Framingham are consistent with
other studies that have demonstrated that intermittent claudication and degenerative vascular disease is not uncommon in diabetic men and women <60 yr old relative to those
without diabetes (12-14).
Some evidence suggests that duration of diabetes is also
an important contributor to the development of macrovascular complications, including coronary heart disease and
peripheral atherosclerotic disease, although details are controversial (2-4,15-20). Although duration of diabetes in Framingham was not predictive of intermittent claudication, it
appears that severity of diabetes is important. Evidence suggests that subjects with diabetes in need of control by oral
agents had the highest rates of intermittent claudication.
Women receiving insulin were also at especially high risk. In
addition, despite having lower levels of blood glucose, the

TABLE 5
Age-adjusted mean blood glucose levels and 2-yr incidence of intermittent claudication in diabetic subjects by diabetes medication
Diabetes medication

Men
Blood glucose (mg/dl)
2-yr incidence
Age adjusted
Risk-factor adjusted||
n/person-exams at risk
Women
Blood glucose (mg/dl)
2-yr incidence
Age adjusted
Risk-factor adjusted||
n/person-exams at risk

Withni it
W i l l 1UUL

None

Insulin

Oral agents

diabetes

146.0 ± 73.5

186.3 ± 93.5*

127.2 ± 60.3t

87.4 ± 16.7*

14.0
13.3
12 of 857

29.8
12.0
11 of 389

31.6t

23.8
19 of 606

141.1 ± 73.3

153.7 ± 83.2

117 ± 47.6#

85.9 ± 16.4*

8.8
11.0
7 of 800

29.8t
25.0
14 of 458

18.6
18.2
14 of 757

5.1§
6.0"
78 of 15,318

8.8§
9.811
84 of 9570

* P < .001, -\P < .05, # P < . 0 1 , vs. untreated subjects.
* P < .001 vs. diabetic groups.
§P < .001, **P < . 0 1 , vs. subjects receiving insulin or oral agents.
HP < .05 vs. subjects receiving oral agents.
HAdjusted for age, systolic blood pressure, body mass index, hematocrit, uric acid, high-density lipoprotein and very-low-density lipoprotein

cholesterol, blood glucose, and the use of cigarettes.
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termittent claudication. For both men and women, each cardiovascular event occurred more frequently in the presence
of diabetes associated with intermittent claudication (Table
6). In the presence of both conditions, coronary heart disease was the most common cardiovascular manifestation.
Although not statistically significant, diabetic women with
intermittent claudication experienced coronary heart disease, stroke, and cardiac failure more often than similarly
afflicted men.
For diabetic men, the risk of stroke was doubled in the
presence of intermittent claudication compared with men
with diabetes alone (P < .05). Risk of cardiac failure was
nearly 3 times more common in subjects with both diabetes
and intermittent claudication compared with either diabetes
alone (P < .001) or intermittent claudication alone (P < .01).
In women, the risk of each cardiovascular event was significantly increased in coexistent diabetes and intermittent
claudication compared with the presence of either condition.
There was a three- to fourfold excess of coronary events and
cardiac failure (P < .001) in those with both conditions.
Stroke was nearly 3 times more common when diabetes and
intermittent claudication coexisted (P < .01 vs. diabetes
alone and P < .05 vs. intermittent claudication alone).

Although the risk of new cardiovascular events was often
significantly more common when diabetes and intermittent
claudication coexisted than in the presence of one condition,
the effect of diabetes and intermittent claudication was not
significantly enhanced by the other. Sex-specific interactions
were also statistically insignificant, a possible consequence
of small numbers.
Compared with nondiabetic subjects, the risk of each cardiovascular event was significantly higher in those with diabetes, intermittent claudication, or both (P < .05). The only
exception occurred in women with intermittent claudication
alone, where the rate of coronary heart disease exceeded
the rate for women without diabetes and intermittent claudication, although the comparison failed to achieve statistical
significance.
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TABLE 6
Two-year age-adjusted incidence of coronary heart disease, stroke, and cardiac failure
Coronary heart disease
Rate/100
Men
Diabetic with intermittent claudication
Diabetic only
Intermittent claudication only
Neither condition
Women
Diabetic with intermittent claudication
Diabetic only
Intermittent claudication only
Neither condition

8.1*

6.2f
7.9
4.0

15.6tH
5.2f
3.6
2.1

Stroke

n/person-exams

Rate/100

13
83
23
321

of
of
of
of

163
1417
261
8102

5.3ft

15
81
11
286

of
of
of
of

98
1631
274
13,870

6.7f#
2.7f

2.6||

3.4f
1.4

2.5||
1.1

Cardiac failure

n/person-exams
14
41
20
129

of
of
of
of

13 of
50 of
13 of
158 of

Rate/100

245
1741
468
9198

7.5t§
2.7f

189
1917
401
14,773

9.2f1l
3.3t

2.6||
1.3

2.5||
0.9

n/person-exams
20 of
43 of
16 of
117 of

251
1748
494
9391

17 of 179
58 of 1867
12 of 414
128 Of 14,974

group treated with oral agents had a higher risk than those
with untreated diabetes. A different conclusion was reached
in a study of diabetes and treadmill-elicited intermittent claudication (21). In the latter report, however, investigators attributed their findings to differences in patient age. When an
age correction was introduced, however, the insulin-dependent subjects had a 6-12% higher prevalence of peripheral
vascular disease. The drawback of this study was a lack of
age- and sex-matched control subjects.
In non-insulin-dependent diabetes, clinical signs of occlusive peripheral arterial disease are also exhibited more frequently than in subjects without diabetes. Such signs may
include lower-limb calcification on X-ray or the absence of
an arterial pulse at one or more locations (22). Subjects with
diabetes seem to experience restricted perfusion of the arteries between the knee and ankle and less disease of aorticiliac vessels than subjects with peripheral vascular disease
who are nondiabetic (23,24). Circulatory problems that lead
to gangrene, ulcers, and amputations are also not uncommon in diabetic individuals. Such events were too infrequent
in the Framingham sample to be carefully examined.
In this article, diabetes was also strongly associated with
other cardiovascular risk factors. Subjects with diabetes had
higher levels of systolic blood pressure, hematocrit, uric
acid, and VLDL-chol. Diabetic individuals also tended to be
more obese and have lower concentrations of HDL-chol and
were more likely to have left ventricular hypertrophy. Despite
the strong relationship between diabetes and the preceding
risk factors, diabetes was a significant independent contributor to the incidence of intermittent claudication. As a result,
the underlying mechanism and metabolic derangements by
which diabetes predisposes to premature or extensive peripheral arterial disease remain unclear and appear to be
unexplained by known risk factors for atherosclerosis.
This article further demonstrates that the risk of each cardiovascular event is even greater when diabetes coexists
with intermittent claudication. The joint effect of both conditions appears to be particularly strong in women, where
the incidence of new cardiovascular events exceeded the
rates experienced by men. Among survivors of a myocardial
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infarction in the Framingham sample, diabetes in women was
also associated with a more severe prognosis compared with
men for recurrent infarction or fatal coronary heart disease.
The issue of the influence of diabetic control on cardiovascular complications has been debated extensively without resolution. The major difficulty is that practical or accurate
methods of monitoring the control of diabetes are not available. Studies in the United States have failed to show that
strict control of diabetes prevents the development of peripheral vascular disease or improves the prognosis for coronary heart disease, stroke, and cardiac failure (21). Apparently, however, an aggressive multifactorial approach to
controlling hypertension, obesity, blood glucose, and other
cardiovascular risk factors is the most sensible way to reduce
cardiovascular disease risk in the presence of diabetes or
intermittent claudication. The Framingham data further suggest that such attempts may have their greatest potential for
an improved prognosis when both diabetes and intermittent
claudication occur together.
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