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Background-—Data are sparse regarding the long-term association of favorable levels of all major cardiovascular disease risk
factors (RFs) (ie, low risk [LR]) with ankle-brachial index (ABI).

Methods and Results-—In 2007–2010, the Chicago Healthy Aging Study reexamined a subset of participants aged 65 to 84 years
from the Chicago Heart Association Detection Project in Industry cohort (baseline examination, 1967–1973). RF groups were
defined as LR (untreated blood pressure ≤120/≤80 mm Hg, untreated serum cholesterol <200 mg/dL, body mass index <25 kg/
m2, not smoking, no diabetes) or as 0 RFs, 1 RF, or 2+ RFs based on the presence of blood pressure ≥140/≥90 mm Hg or
receiving treatment, serum cholesterol ≥240 mg/dL or receiving treatment, body mass index ≥30 kg/m2, smoking, or diabetes.
ABI at follow-up was categorized as indicating PAD present (≤0.90), as borderline PAD (0.91 to 0.99), or as normal (1.00 to 1.40).
We included 1346 participants with ABI ≤1.40. After multivariable adjustment, the presence of fewer baseline RFs was associated
with a lower likelihood of PAD at 39-year follow-up (P for trend is <0.001). Odds ratios (95% CIs) for PAD in persons with LR, 0 RFs,
or 1 RF compared with those with 2+ RFs were 0.14 (0.05 to 0.44), 0.28 (0.13 to 0.59), and 0.33 (0.16 to 0.65), respectively;
findings were similar for borderline PAD (P for trend is 0.005). The association was mainly due to baseline smoking status,
cholesterol, and diabetes. Remaining free of adverse RFs or improving RF status over time was also associated with PAD.

Conclusions-—LR profile in younger adulthood (ages 25 to 45) is associated with the lowest prevalence of PAD and borderline PAD
39 years later. ( J Am Heart Assoc. 2012;1:e001545 doi: 10.1161/JAHA.112.001545)
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P eripheral arterial disease (PAD), a manifestation of
systemic atherosclerosis, currently affects �12% to

20% of American men and women aged 65 years and older1

and costs the United States >$21 billion annually.2 Studies
have shown that a low ankle-brachial index (ABI) is validated
as a sensitive and specific marker for the presence of PAD3,4

and is associated with an increased risk of cardiovascular
disease (CVD) morbidity and mortality and impaired quality of
life.3,5–13

There is substantial evidence that having favorable levels
of all major CVD risk factors (RFs) (ie, being at low risk [LR]) in
younger adulthood is associated with reduced long-term CVD
morbidity and mortality, lower healthcare costs, better quality
of life, and less subclinical atherosclerosis.14–25 However,
there has been little research linking CVD risk status in
younger adulthood with ABI later in life. Some studies have
documented the benefits of favorable levels of major CVD RFs
(ie, smoking status, blood pressure [BP], serum cholesterol,
and diabetes) when considered singly on favorable ABI.26–31

However, to our knowledge, whether a favorable CVD risk
profile at younger adult ages is associated with a more
favorable ABI later in life has not been previously examined.
Establishing this association may encourage public health
efforts to accomplish a progressive increase in the prevalence
of LR, as recommended by the American Heart Association
and Healthy People 2020,32,33 which aims to reduce the
nation’s burden of cardiovascular morbidity and mortality.

We addressed this question using data on 970 men and 376
women from the Chicago Healthy Aging Study (CHAS). Partic-
ipants’ risk profiles were ascertained in young adulthood/early
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middle age (1967–1973, at ages 25 to 45), and ABI was
assessed 39 years later (2007–2010, at ages 65 to 84). We
also assessed whether the association of baseline RF status
with subsequent ABI levels (if any) persists regardless of current
RF status. Moreover, we examined the predictive role of
remaining free of all adverse cardiovascular RFs or of improved
RF status over time in ABI levels at follow-up.

Methods

The Chicago Healthy Aging Study
CHAS is a study of a subset of participants from the Chicago
Heart Association Detection Project in Industry (CHA), a
public health program and prospective epidemiologic study
conducted in 1967–1973 to identify high-risk adults in
workplaces throughout the Chicago, Ill, area. Details of the
CHA study have been published.34

There were 11 908 potential CHAS participants based on
criteria as follows: CHA survivors, aged 65 to 84 years during
2007–2010, and free of major ECG abnormalities or myocardial
infarction (MI) at the CHA examination (baseline). We used
stratified sampling method to recruit CHAS participants based
on their baseline RF profile (LR and not LR). Fifty-nine percent
(n=7090) of names (988 LR and 6102 not LR) were randomly
selected for contact by mail or telephone. We successfully
contacted 2799 persons during 2007–2010, but 1404 persons
refused to participate in CHAS, which provided a participation
rate of 49.8%. The final CHAS sample included 1395 partici-
pants (28% women, 9.3% African American, 2.5% Hispanic or
Asian, 19.5% baseline LR). LR participants were oversampled to
obtain adequate numbers for between-group comparisons.

Exclusions
Of 1395 CHAS participants examined at the clinic, we excluded
25 because of missing data on ABI (ankle or arm systolic BP
[SBP] could not be measured). Individuals with ABI >1.40 in
either leg were also excluded (n=24), because possible medial
arterial calcification or partial or complete incompressibility of
blood vessels made it difficult to accurately measure the lower-
extremity pressure.35 Thus, the final sample for main analyses
consisted of 1346 CHAS participants.

For analyses involving follow-up RF status, participants
with missing follow-up RF values were also excluded (n=6),
yielding 1340 participants.

Measurement of Baseline RFs and Other
Characteristics
Details of the measurements of RFs and other characteristics
at baseline have been published.36 Briefly, trained staff

measured participants’ height, weight, supine BP, plasma
glucose, and serum cholesterol using standardized collection
methods. Body mass index (BMI) was calculated as weight in
kilograms per height in meter squared. A single supine BP
measurement was obtained using a standard mercury sphyg-
momanometer. Serum total cholesterol was measured by the
Levine–Zak method.37 Resting ECGs were obtained and
classified as showing minor (eg, nonspecific ST or T-wave
abnormalities) or major (eg, major Q-wave or ventricular
hypertrophy) abnormalities using criteria from the Pooling
Project.38 Participants completed a questionnaire about
demographic characteristics, smoking history, medical diag-
noses, and treatments.36,37

Measurement of Follow-up RFs
Standardized questionnaires were used to obtain information
on smoking history, medical history of high BP or high serum
cholesterol, and presence or absence of diabetes and MI.
Height and weight were measured with participants wearing
light clothing without shoes. Protocols and instruments were
similar to those used in the Multi-Ethnic Study of Atheroscle-
rosis (MESA) and the Coronary Artery Risk Development In
young Adults (CARDIA) study.39,40 With participants seated, BP
was measured 3 times using an automatic sphygmomano-
meter (Omron HEM-907 XL, Omron Healthcare, Inc., Bannock-
burn, IL).40 The average of the second and third measurements
was used in the analyses. Total cholesterol and glucose levels
were measured with 12-hour fasting blood samples. Diabetes
was defined as a fasting glucose level >126 mg/dL or use of
antihyperglycemic medication.41 A standard 12-lead ECG was
obtained with the patient in a supine or semirecumbent
position. ECGs were transmitted to the ECG Reading Center at
Wake Forest University (Winston-Salem, NC), and criteria from
the Minnesota Coding Center (Minneapolis, MN) were used for
diagnostic classification of minor or major ECG abnormalities
at the follow-up examination.42

Definition of Risk Status
LR was defined as having all of the following: SBP/diastolic BP
(DBP) ≤120/≤80 mm Hg and not taking antihypertensive
medication, serum total cholesterol <200 mg/dL and not
taking cholesterol-lowering medication, not being overweight
or obese (BMI <25 kg/m2), no diabetes, and not smoking.
Participants who were not LR were classified as having 0 RFs
of a high level but ≥1 RF of an unfavorable level (0 RFs) (ie,
SBP 121 to 139 mm Hg or DBP 81 to 89 mm Hg and not
taking antihypertensive medication; serum cholesterol 200 to
239 mg/dL and not taking cholesterol-lowering medication;
BMI 25.0 to 29.9 kg/m2) or as having only 1 RF of a high level
(1 RF) or ≥2 RFs of a high level (2+ RFs) (SBP ≥140 or DBP
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≥90 mm Hg or taking antihypertensive medication, serum
cholesterol ≥240 mg/dL or taking cholesterol-lowering med-
ication, BMI ≥30 kg/m2, current smoker, or having diabetes).

ABI Measurement
ABI is the ratio of ankle SBP to arm SBP, computed separately
for each leg. To compute ABI, a hand-held Doppler instrument
with a 5-MHz probe (Nicolet Vascular, Golden, Colo) was used
to obtain SBPs in the left and right brachial, dorsalis pedis,
and posterior tibial arteries. Each ankle pressure was
measured twice.12 Brachial artery pressures were averaged
to obtain the ABI denominator. However, when the 2 brachial
artery pressures differed by ≥10 mm Hg, the higher pressure
was used as the denominator. For each lower extremity, the
higher of the 2 pressures (dorsalis pedis or posterior tibial)
was used as the ABI numerator. The lower of the 2 leg ABIs
was used in the analyses. ABI was categorized as the
presence of PAD (ABI <0.90), borderline PAD (0.91 to 0.99),
or normal ABI (1.00 to 1.40), as defined in the 2011 ACCF/
AHA focused update of the guideline for the management of
patients with peripheral artery disease of the American
College of Cardiology Foundation/American Heart Associa-
tion Task Force on Practice Guidelines.43

All examination procedures were performed by trained and
certified staff. The study was approved by the Northwestern
University Institutional Review Board, and signed informed
consent was obtained from all participants.

Data Analyses
Descriptive characteristics were compared across the 4
baseline risk categories (ie, LR, 0 RFs, 1 RF, and 2+ RFs)
using F tests for continuous variables or v2 tests for binary
variables. Age-, sex-, and race-adjusted prevalence rates of
PAD and borderline PAD were computed for each risk
category using general linear models, and the 4 RF categories
were compared using logistic regression models, with the 2+
RF group designated as the reference group. Linear trend
across the risk categories was also tested with logistic
regression models.

Multinomial logistic regression models were used to
examine the association of baseline LR status with follow-up
prevalence of PAD/borderline PAD, using normal ABI
(1.0≤ABI≤1.4) as the reference category. Baseline RF profile
was coded as 1 representing LR; 2, 0 RFs; 3, 1 RF; and 4, 2+
RFs, and then was used as a continuous variable to test for
trends across RF strata. Analyses were adjusted for baseline
age, race, sex, and education attainment (model 1). Next,
analyses were conducted with follow-up RF status included in
the model to assess whether baseline RF status was
associated with subsequent risk of PAD/borderline PAD

independent of follow-up RF status. Because of the small
proportion of LR persons at follow-up (n=28; 2% of the study
cohort), the follow-up LR group was combined with the follow-
up 0 RFs group in the analysis. In addition, because CHA
participants with major ECG abnormalities or a history of MI at
baseline were excluded from the study, these 2 factors were
not included in the risk status definition. Therefore, the
presence of follow-up MI or major ECG abnormalities was also
adjusted in the model involving follow-up RF status (model 2).
A model similar to model 2 was also used to assess the
predictive role of remaining free of all adverse cardiovascular
RFs or improved RF status over time in ABI levels at follow-up.

Models were repeated in sensitivity analyses using a low-
normal ABI (1.00 to 1.09) as an additional ABI category and
using 1.30 as the upper limit of normal for ABI.3,12,13

Models substituting individual RFs for the combined RF
status groups were used to examine the ABI predictive value
of each RF separately. Analyses stratified by sex were
performed to assess possible effects of sex on the associ-
ation. An interaction term for the LR profile and sex was also
used.

All analyses were conducted using SAS statistical software
version 9.2 (SAS Institute Inc, Cary, NC).

Results
Of the 1346 CHAS participants with ABI <1.40 at follow-up
(27.9% women; 88.3% non-Hispanic white, 9.3% African
American, 2.4% Hispanic or Asian; baseline mean age 32.8
years [SD 4.6 years], current mean age 71.3 years [SD 4.6
years]), 19.4% [n=261] were LR and 15.1% [n=203] had ≥2
adverse RFs at baseline.

Characteristics of participants stratified by baseline RF
category are shown in Table 1. LR participants tended to be
women, white, and better educated than those in the other
groups. Smoking and hypertension were more prevalent than
other RFs at baseline. For example, among participants with
2+ RFs at baseline, 74.4% were current smokers and 84.2%
had SBP/DBP ≥140/90 mm Hg or were receiving antihyper-
tensive medication, whereas �25.1% were obese, 34.5% had
a serum total cholesterol level ≥240 or were receiving
cholesterol-lowering medication, and 3% had diabetes. Base-
line LR participants were more likely to be RF free at follow-up
(22.4%) than were those of the other baseline RF groups. In
contrast, they are less likely to have follow-up MI or major
ECG abnormalities (21.6%).

At follow-up, 3.9% (n=53) of participants had PAD and
4.6% (n=62) had borderline PAD. The age-, sex-, and race-
adjusted prevalence of PAD at follow-up was lowest among
the LR group and increased with the number of RFs, with the
P value for trend across 4 RF groups <0.001 (Figure 1).
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Similarly, age-, sex-, and race-adjusted prevalence of
borderline PAD was lowest for the LR group and increased
with the number of RFs (P value for trend across 4 RF
groups 0.008).

With adjustment for baseline age, sex, race, and education
attainment, a more favorable baseline risk profile was
associated with a substantially lower likelihood of PAD or
borderline PAD at follow-up (b coefficient=0.63; P value for
trend <0.001 for PAD versus normal ABI level, and b
coefficient=0.40; P value for trend 0.005 for borderline
versus normal ABI level). The odds ratio (OR) (95% CI) of
having PAD and borderline PAD at follow-up in participants

with baseline LR compared with those with baseline 2+ RFs
were 0.14 (0.05 to 0.44) and 0.28 (0.12 to 0.66), respec-
tively. The association of baseline RF profile with ABI level at
follow-up remained significant with adjustment for follow-up
RF profile and the presence of MI or major ECG abnormalities
at follow-up in the model (b coefficient=0.59; P value for trend
<0.001 for PAD versus normal ABI level, and b coeffi-
cient=0.34; P value for trend 0.021 for borderline versus
normal ABI level) (Table 2). Furthermore, the OR (95% CI) of
having PAD at follow-up in persons who remained free of all
adverse cardiovascular RFs or improved their RF status over
time compared with those whose risk status worsened or did

Table 1. Selected Baseline (1967–1973) and Follow-up (2007–2010) Characteristics, All Participants, and by Baseline RF Status

Variable All

Baseline RF Status

P||LR* 0 RFs† 1 RF Only‡ 2+ RFs‡

No. of people 1346 261 431 451 203

Baseline characteristics

Age, mean (SD), y 32.8 (4.6) 32.2 (5.0) 32.8 (4.5) 33.2 (4.5) 32.7 (4.4) 0.054

Female, n (%) 376 (27.9) 134 (51.3) 91 (21.1) 111 (24.6) 40 (19.7) <0.001

Race, n (%)

Black 125 (9.3) 22 (8.4) 30 (7.0) 45 (10.0) 28 (13.8) 0.177

Non-Hispanic white 1189 (88.3) 231 (88.5) 392 (91.0) 396 (87.8) 170 (83.7)

Hispanic or Asian 32 (2.4) 8 (3.1) 9 (2.1) 10 (2.2) 5 (2.5)

Education, mean (SD), y 14.8 (2.3) 14.8 (2.3) 15.2 (2.3) 14.6 (2.4) 14.4 (2.4) <0.001

Smoking status, n (%)

Never smoker 608 (45.2) 166 (63.6) 245 (56.8) 170 (37.7) 27 (13.3)

Former smoker 413 (30.7) 95 (36.4) 186 (43.2) 107 (23.7) 25 (12.3)

Current smoker 325 (24.2) 0 (0.0) 0 (0.0) 174 (38.6) 151 (74.4)

BMI, mean (SD), kg/m2 24.9 (3.4) 22.1 (2.0) 25.3 (2.5) 25.1 (3.4) 27.2 (4.0)

BMI ≥30.0 kg/m2, n (%) 84 (6.2) 0.0 0.0 33 (7.3) 51 (25.1)

SBP, mean (SD), mm Hg 127.2 (15.0) 113.7 (6.2) 122.8 (8.6) 132.0 (15.4) 143.0 (13.3)

DBP, mean (SD), mm Hg 75.4 (9.8) 68.9 (7.4) 73.4 (7.5) 77.7 (10.0) 83.2 (9.9)

Hypertension,‡ n (%) 383 (28.5) 0.0 0.0 212 (47.0) 171 (84.2)

Serum cholesterol, mean (SD), mg/dL 187.8 (35.5) 165.8 (21.3) 185.4 (27.8) 190.4 (35.4) 215.2 (44.2)

Hypercholesterolemia,‡ n (%) 99 (7.4) 0.0 0.0 29 (6.4) 70 (34.5)

Diabetes mellitus, n (%) 9 (0.7) 0.0 0.0 3 (0.7) 6 (3.0)

Follow-up RF status,‡ n (%)

0 RFs§ 178 (13.3) 58 (22.4) 60 (14.0) 48 (10.7) 12 (6.0) <0.001

1 RF only 344 (25.7) 85 (32.8) 114 (26.5) 115 (25.6) 30 (14.9)

2+ RFs 818 (61.0) 116 (44.8) 256 (59.5) 287 (63.8) 159 (79.1)

Follow-up MI/major ECG abnormalities, n (%) 409 (30.5) 56 (21.6) 128 (29.8) 150 (33.3) 75 (37.3) 0.001

RF indicates risk factor; LR, low risk; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
*Favorable level of all major CVD RFs (BP ≤120/≤80 mm Hg and no antihypertensive medication, serum cholesterol <200 mg/dL and no lipid-lowering medication, not smoking, BMI
<25 kg/m2, no diabetes).
†Unfavorable/borderline BP or serum total cholesterol, not smoking, BMI 25.0 to 29.9 kg/m2, no diabetes.
‡High SBP/DBP (≥140/90) or using antihypertensive medication, serum total cholesterol ≥240 mg/dL or using lipid-lowering medication, smoking, BMI ≥30.0 kg/m2, diabetes.
§Combined LR and 0 RFs groups at follow-up.
||P values for overall group comparisons based on v2 or F test except for RF components.
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not improve over time was 0.12 (0.02 to 0.90) (results not
tabulated).

In sensitivity analyses using low-normal ABI (1.00 to 1.09)
as an additional ABI category, no association of baseline risk
profile with low-normal ABI was found, although the trend is
still consistent (b coefficient=0.09; P value for trend = 0.233
for low-normal ABI [1.00 to 1.09] versus normal ABI level
[1.10 to 1.40]). Furthermore, the use of 1.30 as the upper
limit of normal for ABI yielded similar results compared with
the upper limit of 1.40.

In analyses of the predictive value of each baseline RF
considered separately for low ABI values, cigarette smoking,
higher cholesterol levels, and diabetes were associated with
lower subsequent ABI levels (Table 3). For example, ORs (95%
CI) for PAD were 0.28 (0.14 to 0.58) for never smoking versus
current smokers and 0.42 (0.17 to 0.99) for favorable
cholesterol level versus cholesterol level ≥240 mg/dL or
receiving cholesterol-lowering medication. Participants with
diabetes at baseline were 7 times as likely (95% CI, 1.64 to
33.26) to have developed borderline PAD at follow-up as were
those who did not have no diabetes at baseline; the predictive
role of baseline diabetes for PAD versus normal ABI level
could not be evaluated because no participants with PAD at
follow-up had diabetes at baseline.

In sex-specific analyses, results were similar for men and
women. ORs (95% CI) for the presence of PAD in persons
with baseline LR were 0.17 (0.04 to 0.78) for men and 0.11
(0.02 to 0.57) for women, compared with the sex-specific
estimates in the baseline 2+ RFs stratum (Table 4). There
were no significant interactions between sex and baseline

RF profile for associations with PAD or borderline PAD at
follow-up.

Discussion
We found that persons in young adulthood/early middle age
with a low coronary heart disease/CVD risk profile (favorable
levels of all major RFs) had significantly lower odds of having
PAD or borderline PAD 39 years later, compared with those
with unfavorable or high RF levels in young adulthood/early
middle age. This association was independent of baseline age,
sex, race, education, and current RF status. Remaining free of
all adverse RFs or improving RF status over time was also
associated with lower odds of PAD.

To our knowledge, this study is the first to examine the
long-term association of LR profile at younger age with PAD at
older age in a general population of both men and women.
Prior studies have documented substantial benefits of the LR
profile in young adulthood and middle age for other health
outcomes at older age, including increased longevity, lower
CVD and total mortality, markedly lower long-term and
lifetime risks of CVD and other chronic diseases, better
health-related quality of life, and lower heathcare costs.14–25

There has also been substantial research on the association
of PAD as measured by ABI and health outcomes. PAD is
associated with increased risk of CVD morbidity and mortality,
greater loss of mobility, and poorer quality of life.3,5–12 For
example, in a meta-analysis, 10-year adjusted hazard ratios of
CVD mortality in persons with PAD were 2.9 (95% CI, 2.3 to
3.7) for men and 3.0 (95% CI, 2.0 to 4.4) for women compared

Figure 1. Age-, sex-, and race-adjusted prevalence of PAD or borderline PAD at follow-up examination (2007–2010) by baseline (1967–1973) RF
status. *P value for trend across 4 RF groups. †P<0.05, ‡P<0.01, §P<0.001: P value for pairwise comparison with the 2+ RFs as reference group.
**Baseline RF profile: LR, favorable level of all major CVD RFs (SBP/DBP ≤120/≤80 mm Hg and no antihypertensive medication, serum total
cholesterol <200 mg/dL and no lipid-lowering medication, not smoking, BMI <25 kg/m2, and no diabetes); 0 RFs, borderline level of SBP/DBP or
serum total cholesterol, not smoking, BMI 25.0 to 29.9 kg/m2, no diabetes; RF, high SBP/DBP (≥140/90) or using antihypertensive medication,
serum total cholesterol ≥240 mg/dL or using lipid-lowering medication, smoking, BMI ≥30.0 kg/m2, or diabetes. PAD indicates peripheral arterial
disease; RF, risk factor; LR, low risk; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index.
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with those with a normal ABI level.3 In the MESA, the risk of
CVD events with low ABI (ABI <1.0) was 1.8 times (P<0.001)
higher than that with a normal ABI level (1.0≤ABI<1.4).5 Low
ABI level was associated with higher incidence of mobility loss
and impaired health-related quality of life.12 ABI therefore is
widely considered to be not only a marker of PAD but also an
important biomarker of global cardiovascular risk.44

To date, only a few population-based studies have focused
on associations of CVD RFs and ABI. Findings from these
studies indicate consistent and significant influences of
several RFs on ABI, including smoking status, BP, cholesterol,
and diabetes.26–31 These studies variously focused on the role
of CVD RFs considered singly,26–31 examined associations
only in very old population strata and only among minority
men,26 had short-term follow-up,27–29 or examined only cross-
sectional associations.30,31 For example, among 3450 ambu-
latory Japanese American men aged 71 to 93 years in the
Honolulu Heart Program, RFs measured at baseline were

predictive of low ABI level with 25 years of follow-up: OR of
ABI <0.9 for those with cholesterol at the 80th percentile
(5.59 mmol/L) compared with those at the 20th percentile
(4.19 mmol/L) was 1.4; for hypertension versus normal BP,
1.8; and for current smokers versus nonsmokers, 2.9 (P<0.05
for all ORs).26 Among 50-year-old Danish men and women
(N=666), male sex, BP, serum cholesterol, serum triglycerides,
smoking, and heart rate measured at age 50 were significantly

Table 2. Adjusted* ORs (95% CI) for PAD/Borderline PAD at
Follow-up (2007–2010) by Baseline (1967–1973) RF Status

Baseline RF
Group N

ABI Level at Follow-up

PAD (≤0.90)
vs Normal ABI
(1.00 to 1.40)

Borderline PAD
(0.91 to 0.99)
vs Normal ABI
(1.00 to 1.40)

Model 1*

LR† 261 0.14 (0.05 to 0.44) 0.28 (0.12 to 0.66)

0 RFs‡ 431 0.28 (0.13 to 0.59) 0.39 (0.19 to 0.79)

1 RF only§ 451 0.33 (0.16 to 0.65) 0.43 (0.22 to 0.86)

≥2 RFs§ 203 1.00 1.00

b Coefficient/
P for trend¶

0.63/<0.001 0.40/0.005

Model 2*

LR† 259 0.16 (0.04 to 0.57) 0.32 (0.13 to 0.81)

0 RFs‡ 430 0.31 (0.14 to 0.69) 0.43 (0.21 to 0.90)

1 RF only§ 450 0.38 (0.19 to 0.77) 0.46 (0.23 to 0.94)

≥2 RFs§ 201 1.00 1.00

b Coefficient/
P for trend¶

0.59/<0.001 0.34/0.021

OR indicates odds ratio; PAD, peripheral arterial disease; RF, risk factor; ABI,
ankle-brachial index; LR, low risk; CVD, cardiovascular disease; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure.
*Model 1 adjusted for baseline age, sex, race, and education attainment (n=1346).
Model 2 adjusted for all variables from model 1 plus current RF status and presence of
follow-up MI/major ECG abnormalities (n=1340).
†Favorable level of all major CVD RFs (SBP/DBP ≤120/≤80 mm Hg and no
antihypertensive medication, serum total cholesterol <200 mg/dL and no lipid-lowering
medication, not smoking, BMI <25 kg/m2, no diabetes).
‡Borderline SBP/DBP or serum total cholesterol, not smoking, BMI 25.0 to 29.9 kg/m2,
no diabetes.
§High SBP/DBP (≥140/90) or using antihypertensive medication, serum total cholesterol
≥240 mg/dL or using lipid-lowering medication, smoking, BMI ≥30.0 kg/m2, or
diabetes.
¶P value for trend across 4 baseline RF groups based on Wald Chi-Square tests.

Table 3. Adjusted* ORs (95% CI) for PAD/Borderline PAD at
Follow-up (2007–2010) by Individual Baseline RFs (1967–
1973)

Baseline RF

ABI Level at Follow-up

PAD (≤0.90) vs Normal
ABI (1.00 to 1.40)

Borderline PAD
(0.91 to 0.99) vs
Normal ABI
(1.00 to 1.40)

Smoking status

Never smoker 0.28 (0.14 to 0.58)|| 0.35 (0.18 to 0.66)§

Former smoker 0.41 (0.20 to 0.83)‡ 0.53 (0.27 to 1.03)

Current smoker
(reference)

1.00 1.00

BP level/medication
use (medications)

≤120/80 mm Hg,
no medications

0.91 (0.44 to 1.90) 1.10 (0.56 to 2.18)

>120/80
and ≤140/90,
no medications

1.09 (0.54 to 2.18) 1.19 (0.58 to 2.48)

≥140/90 or
receiving
medications
(reference)

1.00 1.00

Cholesterol level/
medication use

<200 mg/dL,
no medications

0.42 (0.17 to 0.99)† 0.37 (0.17 to 0.83)†

≥200 and <240,
no medications

0.76 (0.31 to 1.86) 0.49 (0.21 to 1.17)

≥240 or receiving
medications
(reference)

1.00 1.00

BMI, kg/m2

<25 0.36 (0.13 to 1.03) 2.02 (0.54 to 7.52)

≥25 and <30 0.82 (0.32 to 2.11) 1.33 (0.36 to 4.94)

≥30 (Reference) 1.00 1.00

Diabetes …† 7.39 (1.64 to 33.26)§

OR indicates odds ratio; PAD, peripheral arterial disease; RF, risk factor; ABI, ankle-
brachial index; BP, blood pressure; BMI, body mass index.
*Adjusted for baseline age, sex, race, and education attainment.
†The predictive role of baseline diabetes for PAD vs normal ABI level cannot be evaluated
because no participants with PAD at follow-up had diabetes at baseline.
‡P<0.05, §P<0.01, ||P<0.001: P-value for pair-wise comparison with the reference group.
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associated with signs of peripheral arteriostenosis and with
ABI levels after 10-year follow-up.27

In the Cardiovascular Health Study with 2289 men and
women aged 65 years or older having ABI measured in the
same leg in 1992–1993 and 1998–1999, the ORs (95% CI) of
incident lower-extremity arterial disease were 1.74 (1.02 to
2.96) for current smoking, 1.64 (1.18 to 2.28) for hypertension,
1.77 (1.14 to 2.76) for diabetes, 1.60 (1.03 to 2.51) for higher
low-density lipoprotein cholesterol level, and 1.74 (1.05 to
2.89) for lipid-lowering medication use.29 These reports all lack
information on possible long-term beneficial influence on ABI
of having favorable levels of all major CVD RFs simultaneously
in early adulthood. With a general population including both
men and women, our current study benefited from the ability
to examine long-term associations for combined and individual
major CVD RFs from younger age (mean age 32 years) with
ABI levels at older age (mean age 71 years).

Our current study yielded results consistent with findings
reported by previous studies on the associations of individual
major CVD RFs and ABI levels; baseline smoking status,
serum cholesterol, and diabetes were powerful predictors of
ABI level at 39 year follow-up.26,27,29 However, baseline BP
did not play an important role. Although the PAD prevalence
was lower in our study participants than in other older
cohorts,45,46 this observation may be explained in that CHAS
participants are healthier than the general population for
several reasons: the original CHA participants were employ-
ees, which may make the CHA cohort healthier than the
general population; those who participated in CHAS are more

likely to be healthier than those who did not participate; and
LR individuals in CHAS were oversampled. Furthermore,
previous studies have reported inconsistent findings on the
effects of sex on the association of LR status and ABI27,30,31;
we did not find any significant sex differences in these
associations.

This study has several strengths, such as its 39-year
follow-up, with the ability to study low risk of coronary heart
disease/CVD in young adulthood/early middle age and its
effect on health in older age, in men and women from wide
socioeconomic and ethnic spectra.37

Limitations include a lack of data on baseline or interim
data on ABI (ie, only a single measurement of ABI at 39-year
follow-up). As a result, we are unable to assess the
progression of ABI over time. Because of the long interval
between examinations, the matter of survival bias may be
deemed relevant. However, individuals with higher RF burden
at a younger age would have been more likely to die in the
interim; these individuals would also have been more likely to
develop PAD. Hence, if anything, we may be underestimating
the strength of the LR profile association with ABI over the
long term. In addition, early and sustained therapy such as
lifestyle changes and pharmacological therapy may modify
decades-long ABI risk, and we are also unable to address this
issue here. Nevertheless, the favorable association of LR
status at a younger age (mainly related to baseline smoking
status, cholesterol, and diabetes) is still useful in the 21st
century and may help inform therapy decisions for midlife
patients.

Table 4. Sex-Specific Adjusted* ORs (95% CI) for PAD/Borderline PAD at Follow-up (2007–2010) by Baseline (1967–1973) RF
Status

Baseline RF Group

Men Women

N

ABI Level at Follow-up

N

ABI Level at Follow-up

PAD (≤0.90)
vs Normal ABI
(1.00 to 1.40)

Borderline PAD
(0.91 to 0.99)
vs Normal ABI
(1.00 to 1.40)

PAD (≤0.90)
vs Normal ABI
(1.00 to 1.40)

Borderline PAD
(0.91 to 0.99)
vs Normal ABI
(1.00 to 1.40)

LR† 127 0.17 (0.04 to 0.78)# 0.13 (0.02 to 1.00) 134 0.11 (0.02 to 0.57)** 0.29 (0.09 to 0.93)#

0 RFs‡ 340 0.34 (0.14 to 0.81)# 0.44 (0.17 to 1.14) 91 0.13 (0.02 to 0.68)# 0.39 (0.12 to 1.27)

Only 1 RF§ 340 0.28 (0.12 to 0.67)** 0.54 (0.23 to 1.27) 111 0.37 (0.11 to 1.24) 0.33 (0.10 to 1.06)

≥2 RFs§ 163 1.00 1.00 40 1.00 1.00

b Coefficient/P trend|| 0.55/0.008 0.50/0.019 0.81/0.004 0.29/0.130

OR indicates odds ratio; PAD, peripheral arterial disease; RF, risk factor; ABI, ankle-brachial index; LR, low risk; CVD, cardiovascular disease; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
*Adjusted for baseline age, race, and education attainment.
†Favorable level of all major CVD RFs (SBP/DBP ≤120/≤80 mm Hg and no antihypertensive medication, serum total cholesterol <200 mg/dL and no lipid-lowering medication, not
smoking, BMI <25 kg/m2, and no diabetes).
‡Borderline of SBP/DBP or serum total cholesterol, not smoking, BMI 25.0 to 29.9 kg/m2, no diabetes.
§High SBP/DBP (≥140/90) or using antihypertensive medication, serum total cholesterol ≥240 mg/dL or using lipid-lowering medication, smoking, BMI ≥30.0 kg/m2, or diabetes.
||P values for trend across 4 baseline RF groups.
#P<0.05, **P<0.01: P-value for pair-wise comparison with the reference group.
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In conclusion, in addition to substantial benefits of a
favorable CVD risk profile as shown previously, the additional
evidence here of the benefits of LR status further underscores
the relevance of LR status at a younger age for long-term
cardiovascular health. LR profile early in life is associated with
lower risk of atherosclerosis in the extremities, as well as
overall lower morbidity, mortality, and healthcare costs later
in life. Preventive assessment of RFs early in life and public
health initiatives to increase the population-wide proportion of
LR persons are needed to prevent and delay the onset of CVD
later in life. Recently, the American Heart Association
developed its Strategic Impact Goal Through 2020,32 which
aims to improve the cardiovascular health of all Americans by
20%. This health initiative helps achieve the goals of Healthy
People 2020,33 the official national effort to attain high-
quality, long lives free of preventable disease. Such efforts are
highly relevant for the US society, especially because the
prevalence of low risk is inordinately low.47

Acknowledgments
The authors thank the other investigators, staff members, and
volunteers involved in the CHA and CHAS studies. For the CHA study,
a partial list of colleagues is given in Stamler et al.37 For the CHAS
study, we thank Sue Giovanazzi, Veronica Herzog, Karen Mancera-
Cuevas, Claudia Pulido-Chambers, Frances Horn, Xuan Cai, Man Yee
(Ivy) Wong, Ka (Simon) Chung, Cheryl Westbrook, Bonnie J. Kane,
Brent M. Ardaugh, and other CHAS staff; we also thank the
participants for their valuable contributions.

Sources of Funding
This research was supported by contract R01 HL089695 from
the National Heart, Lung, and Blood Institute.

Disclosures
None.

References
1. Becker GJ, McClenny TE, Kovacs ME, Raabe RD, Katzen BT. The importance of

increasing public and physician awareness of peripheral arterial disease. J Vasc
Interv Radiol. 2002;13:7–11.

2. Flu H, van der Hage JH, Knippenberg B, Merkus JW, Hamming JF,
Lardenoye JW. Treatment for peripheral arterial obstructive disease: an
appraisal of the economic outcome of complications. J Vasc Surg. 2008;48:
368–376.

3. Fowkes FG, Murray GD, Butcher I, Heald CL, Lee RJ, Chambless LE, Folsom AR,
Hirsch AT, Dramaix M, deBacker G, Wautrecht JC, Kornitzer M, Newman AB,
Cushman M, Sutton-Tyrrell K, Lee AJ, Price JF, d’Agostino RB, Murabito JM,
Norman PE, Jamrozik K, Curb JD, Masaki KH, Rodriguez BL, Dekker JM, Bouter
LM, Heine RJ, Nijpels G, Stehouwer CD, Ferrucci L, McDermott MM, Stoffers
HE, Hooi JD, Knottnerus JA, Ogren M, Hedblad B, Witteman JC, Breteler MM,
Hunink MG, Hofman A, Criqui MH, Langer RD, Fronek A, Hiatt WR, Hamman R,
Resnick HE, Guralnik J. Ankle brachial index combined with Framingham risk
score to predict cardiovascular events and mortality: a meta-analysis. JAMA.
2008;300:197–208.

4. Ouriel K, Zarins CK. Doppler ankle pressure: an evaluation of three methods of
expression. Arch Surg. 1982;117:1297–1300.

5. Criqui MH, McClelland RL, McDermott MM, Allison MA, Blumenthal RS,
Aboyans V, Ix JH, Burke GL, Liu K, Shea S. The ankle-brachial index and
incident cardiovascular events in the MESA (Multi-Ethnic Study of Atheroscle-
rosis). J Am Coll Cardiol. 2010;56:1506–1512.

6. Enoch A, Ijeoma A. The role of ankle-brachial index as a screening test for
coronary artery disease in the Hispanic population. South Med J.
2008;101:1117–1120.

7. Doobay AV, Anand SS. Sensitivity and specificity of the ankle-brachial index to
predict future cardiovascular outcomes: a systematic review. Arterioscler
Thromb Vasc Biol. 2005;25:1463–1469.

8. Price JF, Tzoulaki I, Lee AJ, Fowkes FG. Ankle brachial index and intima media
thickness predict cardiovascular events similarly and increased prediction
when combined. J Clin Epidemiol. 2007;60:1067–1075.

9. Leng GC, Fowkes FG, Lee AJ, Dunbar J, Housley E, Ruckley CV. Use of ankle
brachial pressure index to predict cardiovascular events and death: a cohort
study. BMJ. 1996;313:1440–1444.

10. Newman AB, Shemanski L, Manolio TA, Cushman M, Mittelmark M, Polak JF,
Powe NR, Siscovick D. Ankle-arm index as a predictor of cardiovascular
disease and mortality in the cardiovascular health study. The Cardiovascular
Health Study Group. Arterioscler Thromb Vasc Biol. 1999;19:538–545.

11. Regensteiner JG, Hiatt WR, Coll JR, Criqui MH, Treat-Jacobson D, McDermott
MM, Hirsch AT. The impact of peripheral arterial disease on health-related
quality of life in the peripheral arterial disease awareness, risk, and
treatment: new resources for survival (partners) program. Vasc Med.
2008;13:15–24.

12. McDermott MM, Guralnik JM, Tian L, Liu K, Ferrucci L, Liao Y, Sharma L, Criqui
MH. Associations of borderline and low normal ankle-brachial index values
with functional decline at 5-year follow-up: the WALCS (Walking and Leg
Circulation Study). J Am Coll Cardiol. 2009;53:1056–1062.

13. McDermott MM, Liu K, Criqui MH, Ruth K, Goff D, Saad MF, Wu C, Homma S,
Sharrett AR. Ankle-brachial index and subclinical cardiac and carotid disease:
the Multi-Ethnic Study of Atherosclerosis. Am J Epidemiol. 2005;162:33–41.

14. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories. Circulation.
1998;97:1837–1847.

15. Stamler J, Stamler R, Neaton JD, Wentworth D, Daviglus ML, Garside D, Dyer
AR, Liu K, Greenland P. Low risk-factor profile and long-term cardiovascular
and noncardiovascular mortality and life expectancy: findings for 5 large
cohorts of young adult and middle-aged men and women. JAMA.
1999;282:2012–2018.

16. Lloyd-Jones DM, Leip EP, Larson MG, D’Agostino RB, Beiser A, Wilson PW, Wolf
PA, Levy D. Prediction of lifetime risk for cardiovascular disease by risk factor
burden at 50 years of age. Circulation. 2006;113:791–798.

17. Lloyd-Jones DM, Dyer AR, Wang R, Daviglus ML, Greenland P. Risk factor
burden in middle age and lifetime risks for cardiovascular and non-
cardiovascular death (Chicago Heart Association Detection Project in indus-
try). Am J Cardiol. 2007;99:535–540.

18. Daviglus ML, Stamler J, Pirzada A, Yan LL, Garside DB, Liu K, Wang R, Dyer AR,
Lloyd-Jones DM, Greenland P. Favorable cardiovascular risk profile in young
women and long-term risk of cardiovascular and all-cause mortality. JAMA.
2004;292:1588–1592.

19. Rosengren A, Dotevall A, Eriksson H, Wilhelmsen L. Optimal risk factors in the
population: prognosis, prevalence, and secular trends; data from Goteborg
population studies. Eur Heart J. 2001;22:136–144.

20. Daviglus ML, Liu K, Greenland P, Dyer AR, Garside DB, Manheim L, Lowe LP,
Rodin M, Lubitz J, Stamler J. Benefit of a favorable cardiovascular risk-factor
profile in middle age with respect to medicare costs. N Engl J Med.
1998;339:1122–1129.

21. Daviglus ML, Liu K, Pirzada A, Yan LL, Garside DB, Feinglass J, Guralnik JM,
Greenland P, Stamler J. Favorable cardiovascular risk profile in middle age and
health-related quality of life in older age. Arch Intern Med. 2003;163:2460–
2468.

22. Strandberg A, Strandberg TE, Salomaa VV, Pitkala K, Happola O, Miettinen
TA. A follow-up study found that cardiovascular risk in middle age
predicted mortality and quality of life in old age. J Clin Epidemiol. 2004;57:
415–421.

23. Daviglus ML, Liu K, Pirzada A, Yan LL, Garside DB, Greenland P, Manheim LM,
Dyer AR, Wang R, Lubitz J, Manning WG, Fries JF, Stamler J. Cardiovascular risk
profile earlier in life and medicare costs in the last year of life. Arch Intern Med.
2005;165:1028–1034.

24. Daviglus ML, Pirzada A, Liu K, Yan LL, Garside DB, Dyer AR, Hoff JA, Kondos
GT, Greenland P, Stamler J. Comparison of low risk and higher risk profiles in

DOI: 10.1161/JAHA.112.001545 Journal of the American Heart Association 8

Low Risk and Subsequent Ankle-Brachial Index Vu et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



middle age to frequency and quantity of coronary artery calcium years later.
Am J Cardiol. 2004;94:367–369.

25. Loria CM, Liu K, Lewis CE, Hulley SB, Sidney S, Schreiner PJ, Williams OD, Bild
DE, Detrano R. Early adult risk factor levels and subsequent coronary artery
calcification: the CARDIA study. J Am Coll Cardiol. 2007;49:2013–2020.

26. Curb JD, Masaki K, Rodriguez BL, Abbott RD, Burchfiel CM, Chen R, Petrovitch
H, Sharp D, Yano K. Peripheral artery disease and cardiovascular risk factors in
the elderly. The Honolulu Heart Program. Arterioscler Thromb Vasc Biol.
1996;16:1495–1500.

27. Schroll M, Munck O. Estimation of peripheral arteriosclerotic disease by ankle
blood pressure measurements in a population study of 60-year-old men and
women. J Chronic Dis. 1981;34:261–269.

28. Allison MA, Cushman M, Solomon C, Aboyans V, McDermott MM, Goff DC Jr,
Criqui MH. Ethnicity and risk factors for change in the ankle-brachial index: the
Multi-Ethnic Study of Atherosclerosis. J Vasc Surg. 2009;50:1049–1056.

29. Kennedy M, Solomon C, Manolio TA, Criqui MH, Newman AB, Polak JF, Burke
GL, Enright P, Cushman M. Risk factors for declining ankle-brachial index in
men and women 65 years or older: the Cardiovascular Health Study. Arch
Intern Med. 2005;165:1896–1902.

30. Meijer WT, Grobbee DE, Hunink MG, Hofman A, Hoes AW. Determinants of
peripheral arterial disease in the elderly: the Rotterdam study. Arch Intern
Med. 2000;160:2934–2938.

31. Li J, Luo Y, Xu Y, Yang J, Zheng L, Hasimu B, Yu J, Hu D. Risk factors of
peripheral arterial disease and relationship between low ankle-brachial index
and mortality from all-cause and cardiovascular disease in Chinese patients
with type 2 diabetes. Circ J. 2007;71:377–381.

32. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L,
Greenlund K, Daniels S, Nichol G, Tomaselli GF, Arnett DK, Fonarow GC, Ho
PM, Lauer MS, Masoudi FA, Robertson RM, Roger V, Schwamm LH, Sorlie P,
Yancy CW, Rosamond WD. Defining and setting national goals for cardiovas-
cular health promotion and disease reduction: the American Heart Associa-
tion’s strategic impact goal through 2020 and beyond. Circulation.
2010;121:586–613.

33. U.S. Department of Health and Human Services: Healthy People 2010.
Understanding and Improving Health. 2nd ed. Washington, DC: U.S. Govern-
ment Printing Office; 2000.

34. Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB, Wilson PW.
Major risk factors as antecedents of fatal and nonfatal coronary heart disease
events. JAMA. 2003;290:891–897.

35. Shadman R, Criqui MH, Bundens WP, Fronek A, Denenberg JO, Gamst AC,
McDermott MM. Subclavian artery stenosis: prevalence, risk factors, and
association with cardiovascular diseases. J Am Coll Cardiol. 2004;44:618–623.

36. Stamler J, Rhomberg P, Schoenberger JA, Shekelle RB, Dyer A, Shekelle S,
Stamler R, Wannamaker J. Multivariate analysis of the relationship of seven

variables to blood pressure: findings of the Chicago Heart Association
detection project in industry, 1967–1972. J Chronic Dis. 1975;28:527–548.

37. Stamler J, Dyer AR, Shekelle RB, Neaton J, Stamler R. Relationship of baseline
major risk factors to coronary and all-cause mortality, and to longevity: findings
from long-term follow-up of Chicago cohorts. Cardiology. 1993;82:191–222.

38. Relationship of blood pressure, serum cholesterol, smoking habit, relative
weight and ECG abnormalities to incidence of major coronary events: final
report of the pooling project. The Pooling Project Research Group. J Chronic
Dis. 1978;31:201–306.

39. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR,
Greenland P, Jacob DR Jr, Kronmal R, Liu K, Nelson JC, O’Leary D, Saad MF,
Shea S, Szklo M, Tracy RP. Multi-ethnic study of atherosclerosis: objectives
and design. Am J Epidemiol. 2002;156:871–881.

40. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs DR Jr, Liu
K, Savage PJ. CARDIA: study design, recruitment, and some characteristics of
the examined subjects. J Clin Epidemiol. 1988;41:1105–1116.

41. Grundy SM, Howard B, Smith S Jr, Eckel R, Redberg R, Bonow RO. Prevention
conference VI: diabetes and cardiovascular disease: executive summary:
conference proceeding for healthcare professionals from a special
writing group of the American Heart Association. Circulation. 2002;105:
2231–2239.

42. Prineas RJ, Crow RS, Zhang ZM. The Minnesota Code Manual of Electrocar-
diographic Findings (Including Measurement and Comparison With the Nova-
code): Standards and Procedures for ECG Measurement in Epidemiologic and
Clinical Trials. 2nd ed. London: Springer; 2009.

43. Rooke TW, Hirsch AT, Misra S, Sidawy AN, Beckman JA, Findeiss LK, Golzarian
J, Gornik HL, Halperin JL, Jaff MR, Moneta GL, Olin JW, Stanley JC, White CJ,
White JV, Zierler RE. 2011 ACCF/AHA focused update of the guideline for the
management of patients with peripheral artery disease (updating the 2005
guideline) a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. J Am Coll
Cardiol. 2011;58:2020–2045.

44. Perlstein TS, Creager MA. The ankle-brachial index as a biomarker of
cardiovascular risk: it’s not just about the legs. Circulation. 2009;120:2033–
2035.

45. Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial
disease in the United States: results from the National Health and Nutrition
Examination Survey, 1999–2000. Circulation. 2004;110:738–743.

46. Newman AB, Siscovick DS, Manolio TA, Polak J, Fried LP, Borhani NO, Wolfson
SK. Ankle-arm index as a marker of atherosclerosis in the cardiovascular
health study. Cardiovascular Heart Study (CHS) collaborative research group.
Circulation. 1993;88:837–845.

47. Ford ES, Li C, Zhao G, Pearson WS, Capewell S. Trends in the prevalence of low
risk factor burden for cardiovascular disease among United States adults.
Circulation. 2009;120:1181–1188.

DOI: 10.1161/JAHA.112.001545 Journal of the American Heart Association 9

Low Risk and Subsequent Ankle-Brachial Index Vu et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


