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Abstract
Objective—To compare implications of Angina Pectoris (AP) and Intermittent Claudication (IC)
as indicators of clinical atherosclerosis in other vascular territories.

Study Design and Setting—Prospective cohort study of cardiovascular disease (CVD) in
5,209 men and women of Framingham, MA, aged 28–62 years at enrollment in 1948–1951, who
received biennial examinations during the first 36 years of follow-up. Comparative 10-year
incidence of subsequent atherosclerotic CVD in participants with IC and AP relative to a reference
sample free of CVD was determined.

Results—On follow-up, 95 CVD events occurred in 186 participants with IC and 206 of 413
with AP. After age, sex, and risk-factor adjustment, the proportion acquiring other CVD was
34.0% for IC and 43.4% for AP. Relative to the reference sample, those with IC had a 2.73-fold
higher age and sex-adjusted 10-year hazard of CVD (95% CI 2.21, 3.38) and for AP was 3.17
(95% CI 2.73, 3.69). CVD hazard ratios remained more elevated for AP and statistically
significant after standard risk factor adjustment. Risk factors accounted for more of the excess
CVD risk associated with IC (34.8%) than AP (9.5%).

Conclusion—AP is as useful as IC as a hallmark of diffuse atherosclerotic CVD and an
indication for comprehensive preventive measures.
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1. Introduction
Peripheral artery disease, manifested as intermittent claudication (IC) or abnormal ankle–
brachial index is an accepted marker of diffuse atherosclerotic vascular disease and
increased risk for mortality, primarily from cardiovascular causes [1–9]. Angina pectoris
(AP), another transient ischemic condition provoked by exertion, is regarded chiefly as a
hallmark of impending myocardial infarction or a coronary fatality. For example, the Rose
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angina questionnaire, devised for epidemiological investigation of angina, was tested chiefly
as a predictor of coronary morbidity and mortality [10–12].

We had the opportunity to examine the prognostic implications of these transient ischemic
conditions, using population-based data derived from the Framingham Study between 1949
and 1990, a period during which there were few effective cardiovascular disease (CVD)
therapies available or in widespread use, allowing unbiased estimates. This report compares
the total atherosclerotic cardiovascular outlook of participants experiencing an initial IC or
AP event, during the first 36 years of the study with a reference group of participants, free of
CVD, drawn within the same calendar time frame.

2. Methods
2.1. Study sample

The Framingham Study is an ongoing, prospective cohort study of the epidemiology of
CVD. From 1948 to 1953, 5,209 men and women, between the ages of 28 and 62 years,
residing in Framingham, MA were enrolled and have been re-examined biennially since the
study inception. Details of the original sampling have been published previously [13].
Participants with no prior history of CVD at entry were eligible for the present study. First
CVD events classified as either IC or AP, occurring prior to January 1, 1980, and with no
other CVD event on the same day, comprised the two exposure groups of interest. When the
exact date of onset of IC or AP was unknown, the mid-point between the examination of
diagnosis and the last attended examination free of symptoms was used. Participants were
followed for up to 10 years for new CVD events. Participants who had not attended an
examination within 2 years prior to IC or AP diagnosis were excluded from analysis (n =
46) because covariate data was taken from the examination prior to diagnosis.

The sampling scheme used to select the reference group was designed such that the
distribution of age, sex, and calendar time would resemble that of the IC and AP groups. For
each participant in the study, one examination was chosen, at random, from all examinations
attended prior to 1990 free of CVD, to serve as the baseline for the 10-year follow-up
period. If, after 10-years, the participant attended another exam, still free of CVD, a new
baseline was established along with a corresponding 10-year follow-up period. This
technique is the time dependent Cox regression (SAS Institute Inc. SAS/STAT User’s
Guide, Version 8. Cary, NC: SAS Publishing; 1999, 2569–2656).

2.2. Diagnostic criteria for AP and IC
The clinical criteria used for the diagnosis of cardiovascular events in the Framingham Heart
Study have been reported in detail [14]. A physician-administered structured questionnaire
was used to determine the presence of AP and IC based on the participants’ subjective
manifestations. Brief, recurrent chest discomfort of up to 15 min in duration, brought on by
exertion and relieved by rest or nitroglycerin, was accepted as angina if two physicians
agreed that it was present. Abnormality of the ECG, either at rest or on exercise testing, was
not taken into account. Participants with angina who exhibited no other manifestations of
coronary heart disease (CHD) at the current examination or any prior examination were
designated as having uncomplicated AP.

The presence of IC was accepted if the interviewing physicians agreed that the participant
had experienced a transient, short duration, cramping discomfort in the calf that was
provoked by walking, appeared sooner when the participant walked faster or uphill, and was
promptly relieved by rest [14]. Abnormalities on noninvasive testing such as ankle–brachial
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blood pressure testing or ultrasonography were not taken into account in the evaluation of
IC.

2.3. Ascertainment of CVD outcomes and death
Participants were followed for 10 years after the onset of IC or AP for the occurrence of a
cardiovascular event or death. Information regarding events was obtained from biennial
examinations and hospital surveillance. CVD included CHD defined as AP, coronary
insufficiency (prolonged chest pain in the presence of reversible electrocardiographic
changes), myocardial infarction, or CHD death; stroke or transient ischemic attack; and
congestive heart failure. CVD events were adjudicated by a panel of three senior
investigators (or a panel of study neurologists for cerebrovascular disease events) using
standardized criteria previously reported [15]. All deaths were reviewed and cause of death
was classified by the endpoint panel as due to CHD, stroke, other CVD, cancer, other
causes, or unknown cause.

2.4. Covariate measures
At each biennial examination, resting blood pressures were taken with a mercury
sphygmomanometer and a 14-cm cuff on the left arm of participants and readings were
recorded to the nearest even number. For the purposes of this investigation, hypertension
was designated if the mean of two physician obtained blood pressures was ≥140/90 mm Hg
or the participant reported taking antihypertensive medications. Serum cholesterol after
exam 2 in 1952 was determined by the Abell–Kendall method. Blood glucose was measured
on a casual specimen of whole blood using the Nelson method. Diabetes mellitus was
diagnosed if there was a casual blood glucose level of ≥200 mg/dl or the use of insulin or
oral hypoglycemic medication. Body mass index was calculated from height and weight
measurements obtained from trained technicians using the formula: weight(kg)/height(m2).
Current cigarette smoking was self-reported. Participants who reported regular cigarette
smoking within the year prior to the examination were classified as current smokers.

2.5. Statistical analysis
The IC, AP, and reference groups were followed for up to 10 years from baseline for the
occurrence of new CVD events. Endpoints of interest included the first new event, fatal or
nonfatal, in each of the three types of CVD examined, CHD, congestive heart failure (CHF),
and cerebral vascular accident (CVA) or transient ischemic attack, as well as the first new
CVD event overall. Events in subjects in the IC group included AP while events in the AP
group included IC. Subject characteristics at baseline for the IC, AP, and reference group
were compared after adjustment for age and sex. For continuous variables, linear regression
was used, least squares mean values were produced, and the partial F-statistic was used to
test for differences between the groups. Dichotomous variables were standardized using the
direct method and the Pearson chi-square was used to test for differences between the
groups.

To assess differences in CVD incidence between the IC group, the AP group, and the
reference group, Kaplan–Meier survival methods were used to construct incidence (1-
survival) curves (Fig. 1). As indicated in Figure 1, the age- and sex-adjusted incidence of
angina pectoris is greater than that for intermittent claudication throughout the follow-up.
The Group Prognostic Method [16] was used to produce group-specific, predicted incidence
rates adjusting for age and sex and with further adjustment for systolic blood pressure,
hypertension treatment, body mass index, current cigarette smoking, diabetes, and serum
total cholesterol. Cox proportional hazards regression was used to compare CVD risk in the
IC group and the AP group, both relative to the reference group. Separate models were
performed for men and women and then pooled.
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3. Results
Table 1 displays the baseline characteristics of the study sample. The IC and AP subjects
were older and more male than the reference sample free of CVD. In addition, as expected,
almost all risk factor levels were significantly (P < 0.001) higher in those with IC or AP than
in the reference sample. Comparing IC subjects with those having AP, cigarette smoking
prevalence was lowest in subjects with angina and BMI was lowest in IC subjects. Cigarette
smoking and diabetes prevalence were substantially higher in the IC group than in the AP
group. Those with AP were heavier than those with IC whose BMI was lower than that of
the reference sample.

The number of men and women in the population at risk with AP was substantially larger
than for IC. As a consequence, the number of other cardiovascular events over the 10-year
period of follow-up was substantially larger for AP (206) than IC (95). However, the age
and sex-adjusted proportion developing CVD events was about 46% compared to 20.5% in
the reference group (Table 2). After multivariable risk-factor adjustment there was a greater
proportion of AP victims (43.4%) having an event than observed for persons with IC
(34.0%) (Table 2). This appears to be attributable to the fact that a greater fraction of the IC
events (34.8%) can be ascribed to accompanying cardiovascular risk factors than for AP
(9.5%).

CHD was the most common cardiovascular hazard for both AP and IC, which adjusting for
age and sex, occurred at the same 35% 10-year rate. However, as expected, on adjustment
for accompanying CVD risk factors the coronary rate for AP was somewhat greater (30.8%)
than for IC (25.2%). Age and sex-adjusted stroke rates appeared to be almost twice as high
for IC as for AP. However, on adjustment for accompanying CVD risk factors, the 10-year
stroke rates were more comparable (14.5% vs. 11.2%) but the stroke rate for AP was
identical to that for the reference sample (11.1%). Contrary to expectation, the 10-year heart
failure rate for IC (10.8%) was similar to that for AP (12.4%) on adjustment for
accompanying CVD risk factors.

Table 2 also indicates that subjects with either one of these transient exercise-induced
ischemic conditions are at about four to fivefold increased risk of developing the other. The
absolute age and sex-adjusted risk of IC in subjects with AP (16.3%) is greater than the
9.8% risk of AP in subjects with IC. This greater likelihood of angina patients to develop IC
than the converse persists after adjusting for associated risk factors.

Table 3 displays the age and sex-adjusted and multivariable risk-factor adjusted hazard
ratios for other cardiovascular events in subjects with IC and AP. For IC, the age and sex-
adjusted hazard of developing angina was greatest (4.3-fold) followed by heart failure (3.1-
fold), and then coronary disease (2.7-fold) and least of all stroke (2.1-fold). This ranking
order persists after multivariable risk factor adjustment. Overall, IC imposes a 2.7-fold age
and sex-adjusted increased risk of other cardiovascular events, which is reduced to 1.8-fold
after multivariable risk-factor adjustment.

For AP, the age and sex-adjusted hazard ranking is greatest for IC (5.2-fold) followed by
other manifestations of coronary disease (3.1-fold), heart failure (2.7-fold), and least stroke
(1.1-fold). This rank order holds after multivariable risk-factor adjustment. Overall, AP
carries a 3.2-fold age and sex-adjusted hazard of other cardiovascular events, which is
reduced to 2.9-fold after multivariable risk-factor adjustment.

Analysis of the multivariable hazard provides insight into the amount of influence that the
associated CVD risk factors have in generating the increased propensity to other CVD.
Judging by the size of the reduction in the hazard ratio from age-adjusted to multivariable-
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adjusted models, about 34.8% of the CVD potential of IC is attributable to the associated
risk factors, whereas for AP only about 9.5%.

Table 4 provides sex specific hazard ratios for development of cardiovascular events in
subjects presenting with AP and IC. For subjects with IC, the total CVD hazard ratios are
greater for women than men for all outcomes, with the possible exception of stroke (not
statistically significant). For AP subjects, the hazard ratios for CVD are comparable in men
(hazard ratio [HR] 2.9) and women (HR 2.8). The hazard of IC in women with AP (HR
10.5) is substantially greater than for men (HR 2.7).

4. Discussion
Both AP and IC are transient symptoms of ischemic vascular disease brought on by exertion
and relieved by rest. Angina is usually regarded as a hazard for development of a myocardial
infarction or coronary fatality, which it clearly is. It is less often considered as an indicator
of diffuse atherosclerotic disease involving other vascular territories as is now the case for
IC [17–19]. The data presented indicates that angina as well as IC is a hallmark of diffuse
atherosclerotic vascular disease involving the circulation to the limbs as well as the heart,
imparting a two to threefold excess risk compared to the reference group. It appears that AP
deserves as much attention as IC as an indicator of the need for comprehensive and more
aggressive preventive measures against diffuse accelerated atherogenesis.

Atherothrombotic vascular disease is usually a diffuse condition involving the arterial
circulation to the heart, brain, kidney, and periphery. Most of the risk factors that predispose
to involvement of one arterial bed also apply to the others; consequently, it should be
expected that having one clinical manifestation of atherosclerosis, increases the risk of
developing the others [14].However, the hazard of clinical events in other vascular
territories is apparently not chiefly a product of shared risk factors. Judging by the size of
the reduction in the hazard ratio on adjustment for the coexistent risk factors, they only
account for about 35% of the other CVD risk for IC and 9.5% of the hazard of AP. The
nature of the unique effect is uncertain but it is possible that the appearance of a clinical
manifestation indicates greater vulnerability to the cluster of predisposing cardiovascular
risk factors. Furthermore, atherosclerosis per se begets atherothrombosis by its tendency to
progress on its own.

It was previously reported from the Framingham Study that more than half of persons with
IC at initial diagnosis already have coexistent atherothrombotic CVD [18,20–22]. As early
as 1974, the Study also reported that the chief hazard of IC was not the loss of a limb but
rather a serious cardiovascular event [23]. It was suggested that IC may be a marker for
predisposition to atherothrombotic events in other vascular territories, which proved to be
the case [1–3].

Vascular bruits often signify diseased arteries and it is not surprising that femoral bruits
have been reported to be associated with a high (20–30%) prevalence of IC. However, these
same bruits are also associated with a significantly increased prevalence of CHD and heart
failure [24]. Likewise, carotid bruits, indicating vascular disease of the cerebral circulation,
is not only associated with a two to threefold increased stroke risk, but also carries a two to
threefold increased risk of coronary disease, IC, and heart failure. Because the peripheral
vessels are more accessible to noninvasive testing for obstruction to flow, there is merit in
detecting presymptomatic arterial disease, so that timely preventive measures can be
implemented to protect against lethal clinical manifestations of atherothrombotic disease.
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The Framingham Study has crafted multivariable risk profiles for identifying high-risk
persons for development of IC and coronary disease that can be used to educate patients
about modifiable risk factors for avoiding CVD [22,25]. Although this has not been done
specifically for AP, the coronary risk profile can be used to identify high-risk candidates for
AP. Assessment of multivariable risk of AP would indicate the need for more aggressive
preventive measures to prevent ischemic vascular events in other vascular territories as well
those involving the heart.

It is estimated, using Framingham Study and National Heart, Lung and Blood Institute data
that the prevalence of AP in the year 2001 was 6,800,000 cases. In the national data, as in
the Framingham Study, age-adjusted prevalence of angina was greater in women than men.
National data also indicate that the prevalence of AP is higher in blacks and Mexican
Americans [26]. Peripheral artery disease affects more than 5 million persons in the United
States and is also higher in racial and ethnic minorities [4,27].

IC appears to be the most underdiagnosed and least aggressively managed clinical
atherosclerotic condition [28,29]. The peripheral artery disease coalition and the NHLBI are
launching a campaign to remedy this public health problem (www.padcoalition.org). The
major problem the patient with IC faces is the high risk of other cardiovascular events;
attention to the ischemic limb is not enough. The same applies for AP, where alleviation of
myocardial ischemia is not enough. Investigation of IC in the Framingham Study has
identified a number of risk factors that lead to its occurrence. These include age, sex, serum
cholesterol, hypertension, cigarette smoking, diabetes, and presence of CHD [14]. They are
also the standard risk factors for coronary disease and stroke. For AP, systolic blood
pressure, serum cholesterol, diabetes, cigarette smoking, and hematocrit are significant
independent risk factors in one or both sexes [14,30]. There is evidence supporting the
efficacy of risk factor correction for reducing risk of other CVD events in patients with AP
and IC [31–36].

Although lacking in sensitivity and specificity, a detailed history and physical examination
are important in detecting and evaluating peripheral artery disease. The ankle–brachial index
can be done to confirm the diagnosis and help stratify the risk since it correlates well with
disease severity, functional symptoms, and disease progression. The ankle–brachial index
also predicts CVD and stroke mortality, the greatest hazard of the condition [5–7]. Transient
ischemic vascular episodes involving the circulation of the heart and limbs are often silent
and a significantly compromised circulation may exist without symptoms. Noninvasive
testing in a population indicates that the true prevalence of peripheral artery disease is at
least five times greater than would be estimated from the reported prevalence of IC [37].
Likewise, three of every four transient ischemic cardiac episodes detected by ECG
monitoring in angina are silent [38–40].

5. Limitations
The Framingham Study cohort has few blacks and other minority population subgroups,
limiting generalizability of the data. The number of events in the CVD subgroups of
myocardial infarction, stroke, and heart failure were too few to provide confident estimates
of differences of the size of hazard ratios for AP in comparison to IC in the two sexes. The
use of only a clinical assessment of transient myocardial and peripheral artery ischemia
allows many patients with silent occlusive arterial disease who are also at high risk of other
atherosclerotic events to go undetected. Ankle–brachial index is a feasible office procedure
that could be used on asymptomatic patients with an unfavorable multivariable risk profile
to detect occult peripheral artery disease needing comprehensive preventive measures;
especially for those aged 50–69 with diabetes and smoking or age 70 or over [41].
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Comparable simple office procedures for detecting occult myocardial ischemia in high-risk
persons are currently unavailable.

6. Conclusions
Once detected, cardiovascular risk factor modification, symptomatic relief, and use of
antiplatelet agents form the core of the management of both angina and IC. The major
cardiovascular risk factors adversely affect all vascular territories, increasing vulnerability to
multiple clinical manifestation of atherosclerosis including CHD and IC [14]. Modification
of risk factors intended to prevent a particular atherosclerotic cardiovascular event should
also prevent other outcomes. Optimal appraisal of the hazard, aggressiveness, and urgency
for treatment is best obtained from a multivariable cardiovascular risk profile that estimates
the probability of a cardiovascular event given the existing constellation of predisposing
factors.
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What is new?

Angina pectoris joins intermittent claudication as a robust indicator of diffuse
atherosclerotic vascular involvement. Both require targeting of the underlying accelerated
atherogenesis in their management in addition to protecting the limbs for claudication
and the heart for angina.
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Fig. 1.
Cardiovascular disease incidence in the Intermittent Claudication, Angina Pectoris, and
Reference Group: Results of Age- and Sex-adjusted Kaplan–Meier Survival Analysis.
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Table 1

Baseline characteristics according to first CVD event as intermittent claudication or angina pectoris:
Framingham Heart Study, 1948–1979

Characteristic
Intermittent Claudication;
n = 186

Angina Pectoris;
n = 413

Reference Sample Free of
CVD; n = 6,860

Age (years) 62.5 (8.9) 60.8 (8.6) 56.8 (10.8)

Men (%) 56 48 43

Systolic blood pressure (mm Hg)a 146.1 (1.60) 144.6 (1.07) 136.9 (0.27)

Diastolic blood pressure (mm Hg)a 83.1 (0.87) 86.6 (0.59) 82.4 (0.14)

Hypertension treatmenta 25.1 17.5 11.1

Total cholesterol (mg/dL)a 248 (3.3) 252 (2.2) 235 (0.5)

Diabetes mellitusa 16.7 4.5 3.4

Cigarette smoking, currenta 60.0 37.6 40.7

Body mass index (kg/m2)a 25.4 (0.31) 27.2 (0.21) 26.0 (0.05)

All P-values for difference between the groups ≤0.001.

a
Age and sex-adjusted least squares means (± standard error) for continuous variables; direct age and sex-adjusted prevalence for categorical

variables.
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Table 2

Cardiovascular events according to intermittent claudication and angina pectoris status: Framingham Study
cohort: men and women combined—10-year incidence rates

Events/person years

Intermittent
Claudication

Angina
Pectoris

Reference
SamplePredicted 10-year rates

CVD 95/1,269 206/2,719 983/45,054

  Unadjusted 53.8% 51.1% 19.9%

  Age and sex 45.7% 47.2% 20.5%

  Multivariable 34.0% 43.4% 21.3%

CHD 67/1,392 143/2,978 602/40,526

  Unadjusted 39.9% 36.1% 13.9%

  Age and sex 34.9% 34.6% 14.2%

  Multivariable 25.2% 30.8% 14.9%

CVA 38/1,517 42/3,446 419/40,441

  Unadjusted 22.9% 11.8% 10.2%

  Age and sex 20.7% 11.6% 10.5%

  Multivariable 14.5% 11.2% 11.1%

CHF 27/1,545 48/3,407 199/39,187

  Unadjusted 16.0% 13.0% 5.1%

  Age and sex 14.6% 12.8% 5.2%

  Multivariable 10.8% 12.4% 5.5%

IC 27/1,500 156/37,592

  Unadjusted 16.8% 4.0%

  Age and sex 16.3% 4.0%

  Multivariable 14.5% 4.1%

AP 35/3,383 72/36,818

  Unadjusted 9.9% 1.9%

  Age and sex 9.8% 1.9%

  Multivariable 9.0% 2.0%
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Table 3

CVD subsequent to intermittent claudication vs. angina pectoris as initial CVD events compared with a
reference sample free of CVD at baseline, 10-year follow-up

Sex Pooled

Hazards Ratios (95% Confidence Intervals)

Intermittent Claudication Angina Pectoris

Events Age and Sex Adjusted Multivariate adjusteda Age and Sex Adjusted Multivariable Adjusteda

Cardiovascular disease 2.73 (2.21, 3.38) 1.78 (1.43, 2.22) 3.17 (2.72, 3.69) 2.87 (2.47, 3.35)

Coronary heart disease 2.72 (2.11, 3.51) 1.74 (1.33, 2.27) 3.09 (2.58, 3.71) 2.66 (2.21, 3.20)

Stroke 2.13 (1.52, 2.97) 1.36 (0.96, 1.92) 1.12 (0.81, 1.54) 1.02 (0.74, 1.40)

CHF 3.08 (2.05, 4.61) 2.15 (1.41, 3.29) 2.69 (1.96, 3.69) 2.52 (1.83, 3.48)

Intermittent claudication 5.22 (3.48, 7.83) 4.60 (3.04, 6.98)

Angina pectoris 4.27 (2.82, 6.46) 3.71 (2.40, 5.74)

a
Adjusted for age, systolic blood pressure, hypertension treatment, body mass index, diabetes, current smoking, and serum total cholesterol.
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Table 4

Sex-specific CVD hazard following angina vs. intermittent claudication

Hazards Ratios (95% Confidence Intervals)

Men Women

Age Adjusted Multivariable Adjusteda Age Adjusted Multivariable Adjusteda

Intermittent claudication

  Cardiovascular disease 2.53 (1.92, 3.30) 1.67 (1.26, 2.22) 3.32 (2.36, 4.67) 2.09 (1.47, 2.99)

  Coronary heart disease 2.38 (1.73, 3.27) 1.63 (1.17, 2.28) 3.76 (2.47, 5.74) 2.14 (1.37, 3.34)

  Angina pectoris 3.92 (2.32, 6.63) 3.95 (2.27, 6.89) 5.27 (2.70, 10.30) 3.72 (1.81, 7.64)

Angina pectoris

  Cardiovascular disease 3.14 (2.56, 3.84) 2.93 (2.38, 3.59) 3.24 (2.58, 4.06) 2.81 (2.23, 3.54)

  Coronary heart disease 3.12 (2.48, 3.92) 2.81 (2.23, 3.55) 3.08 (2.27, 4.18) 2.39 (1.75, 3.28)

  Intermittent claudication 3.25 (1.88, 5.63) 2.74 (1.57, 4.79) 11.29 (5.94,21.43) 10.49 (5.36, 20.50)

Events compared with a reference sample free of CVD at baseline, 10-year follow-up.

a
Adjusted for age, systolic blood pressure, hypertension treatment, body mass index, diabetes, current smoking, serum total cholesterol. Sex

specific hazard ratios for stroke and heart failure (not shown) were not statistically significant compared to reference sample.
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