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ERIPHERAL ARTERY DISEASE (PAD)

isa distinct atherosclerotic syn-

drome marked by stenosis or oc-

clusion of the arteries, particu-
larly of the lower extremities. PAD affects
8 to 10 million individuals in the United
States,"? and is associated with reduced
functional capacity®* and increased risk
for cardiovascular morbidity and mor-
tality.”” Despite its widespread preva-
lence and negative associations with
quality of life, morbidity, and mortal-
ity, PAD remains underdiagnosed and
undertreated.*®’

Preventable or treatable risk factors for
PAD are generally thought to mirror
other forms of cardiovascular disease and
include cigarette smoking, type 2 diabe-
tes, and clinically elevated levels of blood
pressure and cholesterol, which are the
main therapeutic targets in clinical and
prevention guidelines.'*!! However, their
respective associations with risk of PAD
and the extent to which they are jointly
associated with the incidence of PAD are
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Context Previous studies have examined the associations of individual clinical risk
factors with risk of peripheral artery disease (PAD), but the combined effects of these
risk factors are largely unknown.

Objective To estimate the degree to which the 4 conventional cardiovascular risk
factors of smoking, hypertension, hypercholesterolemia, and type 2 diabetes are as-
sociated with the risk of PAD among men.

Design, Setting, and Participants Prospective study of 44 985 men in the United
States without a history of cardiovascular disease at baseline in 1986; participants in
the Health Professionals Follow-up Study were followed up for 25 years until January
2011. The presence of risk factors was updated biennially during follow-up.

Main Outcome Measure Clinically significant PAD defined as limb amputation or
revascularization, angiogram reporting vascular obstruction of 50% or greater, ankle-
brachial index of less than 0.90, or physician-diagnosed PAD.

Results During amedian follow-up of 24.2 years (interquartile range, 20.8-24.7 years),
there were 537 cases of incident PAD. Each risk factor was significantly and indepen-
dently associated with a higher risk of PAD after adjustment for the other 3 risk factors
and confounders. The age-adjusted incidence rates were 9 (95 % Cl, 6-14) cases/100 000
person-years (n=19 incident cases) for Orisk factors, 23 (95 % Cl, 18-28) cases/100 000
person-years (=99 incident cases) for 1 risk factor, 47 (95 % Cl, 39-56) cases/100 000
person-years (n=176incident cases) for 2 risk factors, 92 (95 % Cl, 76-111) cases/100 000
person-years (n=180incident cases) for 3 risk factors, and 186 (95 % Cl, 141-246) cases/
100 000 person-years (n=63 incident cases) for 4 risk factors. The multivariable-adjusted
hazard ratio for each additional risk factor was 2.06 (95% Cl, 1.88-2.26). Men without
any of the 4 risk factors had a hazard ratio of PAD of 0.23 (95% Cl, 0.14-0.36) com-
pared with all other men in the cohort. In 96% of PAD cases (95% Cl, 94%-98%), at
least 1 of the 4 risk factors was present at the time of PAD diagnosis. The population-
attributable risk associated with these 4 risk factors was 75 % (95% Cl, 64%-87 %). The
absolute incidence of PAD among men with all 4 risk factors was 3.5/1000 person-years.

Conclusion Among men in this cohort, smoking, hypertension, hypercholesterol-
emia, and type 2 diabetes account for the majority of risk associated with develop-
ment of clinically significant PAD.

JAMA, October 24/31, 2012—Vol 308, No. 16

JAMA. 2012;308(16):1660-1667

www.jama.com

Author Affiliations: Division of General Medicine and
Primary Care (Drs Joosten, Bertoia, and Mukamal), Car-
diovascular Epidemiology Research Unit (Dr Mittle-
man), Department of Medicine, Beth Israel Deacon-
ess Medical Center, Harvard Medical School, Boston,
Massachusetts; Departments of Nutrition (Drs Joo-
sten, Bertoia, and Rimm), Epidemiology (Drs Pai, Rimm,
Spiegelman, and Mittleman), and Biostatistics (Dr
Spiegelman), Harvard School of Public Health, Bos-
ton, Massachusetts; Top Institute Food and Nutrition,

Wageningen, the Netherlands (Dr Joosten); Depart-
ment of Internal Medicine, University Medical Cen-
ter Groningen, Groningen, the Netherlands (Dr
Joosten); and Channing Division of Network Medi-
cine, Department of Medicine, Brigham and Wom-
en’s Hospital, Harvard Medical School, Boston, Mas-
sachusetts (Drs Pai, Rimm and Spiegelman).
Corresponding Author: Michel M. Joosten, PhD, De-
partment of Nutrition, 655 Huntington Ave, Bldg 2, Bos-
ton, MA 02115 (hpmmj@channing.harvard.edu).

©2012 American Medical Association. All rights reserved.



CARDIOVASCULAR RISK FACTORS AND RISK OF PERIPHERAL ARTERY DISEASE IN MEN

not well established. Furthermore, de-
spite the ongoing identification of novel
risk factors for PAD,'*" this disease may
have a less prominent component of
thrombosis than does ischemic stroke or
myocardial infarction (MI),'** raising
the possibility that traditional athero-
sclerotic risk factors may be even more
important in this form of cardiovascu-
lar disease.

To estimate the individual and cu-
mulative associations of 4 conven-
tional and preventable risk factors with
risk of PAD and their associated popu-
lation-attributable risk (PAR), we stud-
ied a large, well-characterized, prospec-
tive sample of US men with more than
2 decades of follow-up.

METHODS
Participants

The Health Professionals Follow-up
Study is a prospective investigation of
51529 US male health professionals
aged 40 to 75 years at baseline in 1986
who returned a mailed questionnaire
about disease history, including an item
that specifically queried intermittent
claudication and lifestyle factors.'®
Questionnaires were mailed bienni-
ally to update information on newly di-
agnosed disease and potential risk fac-
tors. We excluded men with missing
data on age, height, or family history,
or those diagnosed with cardiovascu-
lar disease (MI, stroke, coronary ar-
tery bypass graft surgery, coronary an-
gioplasty, and intermittent claudication)
at baseline. All participants provided
written informed consent, and the Har-
vard School of Public Health human
subjects and the Beth Israel Deacon-
ess Medical Center committee review
boards approved the study protocol.

Assessment of Medical History,
Anthropometric Data,

and Lifestyle Factors

Smoking status and self-report of phy-
sician-diagnosed hypertension, hyper-
cholesterolemia, and type 2 diabetes
were assessed at baseline and updated
biennially thereafter. At baseline, par-
ticipants also reported past smoking,
time since quitting, and the average
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number of cigarettes smoked per day.
Pack-years were calculated as years of
smoking multiplied by the average
number of packs smoked per day and
updated biennially. The validity of self-
reported hypertension has been con-
firmed with medical record review in
a sample of Health Professionals Fol-
low-up Study participants.'” Likewise,
self-reported total cholesterol levels
have been shown to highly correlate
with measured values."®

Self-reported type 2 diabetes has been
confirmed by a validated supplemen-
tary questionnaire detailing symptoms,
diagnostic laboratory test results, and dia-
betes treatment as described previ-
ously,'”and has been demonstrated to be
highly accurate compared with medical
record reviews in a validation study.?
Durations of hypertension, hypercho-
lesterolemia, and type 2 diabetes were cal-
culated as years from clinical diagnosis
to the return of the most recent ques-
tionnaire. Weight, physical activity, and
medication use were assessed bienni-
ally and alcohol consumption every
4 years, using validated question-
naires.”** Height, geographical region of
residence, and parental history of MI at
age 60 years or younger were obtained
from the baseline questionnaire. Body
mass index (BMI) was calculated using
height at baseline and updated weight.

Case Ascertainment

If a participant reported PAD of the
lower extremity during follow-up, we
requested permission to review all rel-
evant medical records to confirm the di-
agnosis and the date of occurrence.
Confirmed PAD cases required at least
1 of the following in the medical rec-
ord: a report of revascularization (or
amputation) for atherosclerotic periph-
eral artery occlusion in a lower limb,
angiogram reporting obstruction of 50%
or greater of at least 1 limb artery with
ipsilateral symptoms, ankle-brachial in-
dex of less than 0.90 at rest, or a phy-
sician’s diagnosis of PAD.

Data Analyses

Each participant contributed person-
time from the return of the 1986 ques-

tionnaire to the date of diagnosis of
PAD, death, date of last questionnaire
return, or end of follow-up (January
2011), whichever came first. We used
Cox proportional hazards models with
time-dependent covariates to calcu-
late hazard ratios (HRs) and 95% con-
fidence intervals. The assumption of
proportional hazards was checked and
met for each Cox model. Once a par-
ticipant reported a positive history of
ever smoking (past or current), hyper-
tension, hypercholesterolemia, or dia-
betes, he was considered to have a posi-
tive history throughout follow-up.
Analyses that defined hypertension and
hypercholesterolemia based on either
a physician’s diagnosis or a patient’s
medication use (thiazides, B-block-
ers, calcium channel blockers, and an-
giotensin-converting enzyme or angio-
tensin II receptor antagonists for
hypertension, and statins and other
cholesterol-lowering agents for hyper-
cholesterolemia) yielded similar results.

We used ever rather than current
smoking to ensure that the 4 risk fac-
tors were broadly comparable in terms
of increased risk. This enabled us to
sum the total number of risk factors to
create a score (range, 0-4). We also de-
veloped a weighted risk score to ac-
count for the magnitude of risk ob-
served with each risk factor.

We explored whether there were sta-
tistical interactions between the 4 bi-
nary risk factors by comparing the -2
log likelihood of a nested model with
and without all possible 2-, 3-, and
4-way interaction terms. We found no
overall evidence of interaction
(x3=11.0, P=.45) and none of the in-
dividual interactions were statistically
significant.

We examined the associations between
individual risk factors and risk of PAD
in several ways. We evaluated the risk of
former smoking using 4 categories (quit
for =20, 10-<20, 5-<10, or <5 years)
and intensity of current smoking using
3 categories (1-14, 15-24, and =25
cigarettes/d). We investigated the dose-
response relationship between cumula-
tive lifelong smoking exposure and inci-
dent PAD by evaluating pack-years of
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]
Table 1. Characteristics of Men in the Health Professional Follow-up Study (n = 43 243)2

No. of Clinical Risk Factors in 1986
I 1

0 1 2 3 4

(n=15293) (n =20047) (n =6571) (n =1245) (n= 87)
Age, mean (SD), y 51.6 (9.4) 54.3 (9.5) 57.6 (9.3) 59.2 (8.6) 59.3 (7.9
Ever smoker, No. (%) 0 15566 (77.6) 5764 (87.7) 1202 (96.5) (100}
Type 2 diabetes, No. (%) 0 219 (1.1) 501 (7.6) 320 (25.7) (100)
Hypertension, No. (%) 0 2912 (14.5) 4679 (71.2) 1159 (93.1) 7 (100)
Hypercholesterolemia, No. (%) 0 1351 (6.7) 2198 (35.5) 1018 (81.8) 7 (100)
Body mass index, mean (SD)° 25.0 (8.1) 25.5(3.2) 26.2 (3.6) 26.7 (4.3) 27.5 ( 1)
Height, mean (SD), in 70.2 (2.8) 70.2 (2.7) 70.0 (2.8) 69.8 (2.9) 70.0 (2.4)
Physical activity, median (IQR), METs/wk 13.4 (4.4-30.8) 11.3(3.8-27.1) 10.2 (3.3-24.3) 4 (1.1-21.0) 8(1.9-17.9)
Aspirin use >2 times/wk, No. (%) 3504 (22.9) 5812 (29.0) 2259 (34.4) 463 (37.2) 2 (48.3)
Parental history of Ml at age = 60y, No. (%) 1685 (11.0) 2375 (11.8) 917 (14.0) 187 (15.0) (16 1)
Alcohol consumption, median (IQR), g/d 1(0-11.1) 7.4(1.1-16.8) 1(1.1-19.7) 4(1.1-21.0) 9(0-17.3)

Abbreviations: IQR, interquar‘[ile range; MET, metabolic equwalent, MI, myocardial infarction.

aThe biannual follow-up in this study allowed a staggered entry of participants with missing data in 1986 that were acquired later during follow-up so the total number of men in this
table differs from the total number of men in the ana\ysm (n=45985).

P Calculated as weight in kilograms divided by height in meters squared.

smoking (0, <10, 10-24, 25-44, 45-64,
or =65 pack-years).

Similarly, we modeled duration of
type 2 diabetes, hypercholesterol-
emia, and hypertension in relation to
PAD risk in 3 categories (0, =5, 6-15,
or >15 years); we have previously
shown a positive association of diabe-
tes duration with PAD in this co-
hort.”” We also examined the number
of antihypertensive medication classes
used as a marker of severity.

To determine the independent asso-
ciations of these risk factors, we adjusted
for age (continuous), height (quin-
tiles), aspirin intake of 2 or more per
week, parental history of MI before age
60 years, geographical region (West, Mid-
west, South, and Northeast), BMI (<20,
20-22.9,23-24.9,25-29.9, and >30; cal-
culated as weight in kilograms divided
by height in meters squared), physical
activity level (quintiles), and alcohol con-
sumption (0, 0.1-4.9, 5.0-29.9, and
=30.0 g/d) in the multivariable models.
If covariate data were missing at a given
time point, the last observation was car-
ried forward for that cycle.

If data were still missing, contribu-
tions of person-time were skipped dur-
ing follow-up for that specific period,;
participants with missing data on co-
variates at baseline could enter the co-
hort during follow-up if they had com-
plete data on later questionnaires. We
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obtained similar results if we used miss-
ing indicators for covariates and with
a single imputation model using the
Markov Chain Monte Carlo method.
We tested for linear trend in 2 ways: for
all 4 factors simultaneously, we treated
the number of risk factors as a continu-
ous variable; and for individual risk fac-
tors (eg, for duration of hyperten-
sion), we used the median of each
category as a continuous variable.

We calculated the multivariable-
partial PAR percentage with its 95% con-
fidence interval to integrate the preva-
lence and relative risk associated with
each risk factor or set of risk factors.?® To
calculate the PAR percentage, we esti-
mated the prevalence of combinations of
each risk factor and the relative risk from
multivariable-pooled logistic regres-
sion models,” using a counting process
data structure.”® In this approach, each
2-year interval for each participant was
treated as an independent observation,
and all observations were pooled into a
single sample. Because smoking (both
current and former) is a strong risk fac-
tor for PAD, we also assessed the effect
of the other 3 risk factors among never
smokers.

Statistical analyses were conducted
using SAS software version 9.2 (SAS In-
stitute Inc). All P values are 2-sided and
a P value of less than .05 is considered
statistically significant.

RESULTS
We excluded 3817 men with diag-
nosed cardiovascular disease at base-
line and 2727 men with missing data
on confounders at baseline who did not
provide this information during follow-
up, leaving 44 985 participants for the
analyses. During a median follow-up of
24.2 years (interquartile range, 20.8-
24.7 years; 961 333 person-years), we
documented 537 cases of incident PAD.
TABLE 1 shows the baseline character-
istics of the cohort according to the
number of clinical risk factors. Men
with more risk factors were older, had
a higher BMI, were less physically ac-
tive, and were more likely to report as-
pirin use and a family history of ML
Ever smoking or having a history of
hypertension, hypercholesterolemia, or
type 2 diabetes were all independently
and significantly associated with a higher
risk of PAD after multivariable adjust-
ment (FIGURE 1). The differences in age-
adjusted incidence of PAD per 100 000
person-years were 33 cases for ever
smoking, 43 cases for hypertension, 21
cases for hypercholesterolemia, and 67
cases for diabetes. The age-adjusted inci-
dence rates were 9 (95% CI, 6-14) cases/
100 000 person-years (n=19 incident
cases) for O risk factors, 23 (95% CI,
18-28) cases/100 000 person-years
(n=99 incident cases) for 1 risk factor,
47 (95% CI, 39-56) cases/100 000

©2012 American Medical Association. All rights reserved.
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|
Figure 1. Incident Peripheral Artery Disease (PAD) According to Individual and Joint Clinical Risk Factors

Individual clinical risk factors

Joint effect of multiple risk factors

64.0 64.04
O 3004 O 320 T
xR X °
& 16.0 & 16.04 1
o o I
I 804 T 804 ?
a a I
4.0 4.0+
g - - o g T L
2 2012 * ° E 2.0 *
Ko ’ ° g ' s P<.001 for linear trend
g 10 © 104 e
< <
0.5 0.5
O o g o 0 1 2 3 4
S O &
& N \QJ@ & (Reference)
& 3 & &
& & & Clinical Risk Factors, No.
o)
& L
& - No. of cases 19 99 176 180 63
\Z\%Q Person-years 205599 358807 260314 118503 18112
Risk factor group
No. of cases 412 377 325 129
Person-years 496549 349279 397 481 64080
PAR (95% Cl), % 44 (33-53) 41(31-50) 17 (7-26) 14 (10-19)
Reference group
No. of cases 125 160 212 408
Person-years 464785 612504 563853 897253

The hazard ratios (HRs) were adjusted for age, height, aspirin use, parental history of myocardial infarction at age 60 years or younger, geographical region, body mass index,
physical activity, alcohol consumption, and each of the other 3 clinical risk factors. The reference group for each of the individual risk factors was the remainder of the cohort
without the individual risk factor. The population attributable risk (PAR) percentages for each individual risk factor were calculated using pooled logistic regression models and
were adjusted for the same factors mentioned above. The linear trend for the joint risk factors was obtained by treating the number of risk factors as a continuous variable.

person-years (n=176 incident cases) for
2 risk factors, 92 (95% CI, 76-111)
cases/100 000 person-years (n=180
incident cases) for 3 risk factors, and
186 (95% CI, 141-246) cases/100 000
person-years (n=063 incident cases) for
4 risk factors. The absolute and age-
adjusted incidence of PAD were 3.5/
1000 person-years and 1.9/1000 person-
years, respectively, among participants
with all 4 risk factors. The multivariable-
adjusted HR for each additional risk fac-
tor was 2.06 (95% CI, 1.88-2.26) com-
pared with the group free of risk factors
(P<.001 for linear trend). Similar
results were obtained when men aged
80 years or older were censored to mini-
mize the effects of extreme age.

The 4 risk factors were not statisti-
cally identical (P<<.001). Therefore, we
alternatively created a weighted score
that subtracted 1 from each multivari-
able-adjusted HR in Figure 1 and
summed the values. When this
weighted score was transformed to the
original 4-point scale and analyzed as
a continuous variable, the multivari-
able-adjusted HR associated with a
1-point increase in weighted score was
2.07 (95% CI, 1.89-2.26).

]
Figure 2. Incident Peripheral Artery Disease (PAD) According to Smoking Status
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The hazard ratios (HRs) were adjusted for age, height, history of type 2 diabetes, hypertension, hypercholes-
terolemia, aspirin use, parental history of myocardial infarction at age 60 years or younger, geographical re-
gion, body mass index, physical activity, and alcohol consumption. Linear trends are based only on former and
current smokers, respectively, and are tested by treating the median of each category as a continuous variable.

aThe reference group was never smokers.

Risk of PAD was strongly and dose
dependently associated with current
smoking compared with men who
never smoked; there was a multivari-
able-adjusted HR of 12.89 (95% CI,
8.59-19.34) among the heaviest smok-
ers compared with men who have never
smoked (FIGURE 2). Duration of smok-
ing cessation was also strongly associ-
ated with risk of PAD (P<<.001 for lin-
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ear trend), with progressively lower risk
associated with greater duration since
cessation. Even men who quit smok-
ing more than 20 years in the past had
a significantly higher risk compared
with men who never smoked (HR, 1.39;
95% CI, 1.10-1.76). Compared with all
former smokers, the HR for incident
PAD among all current smokers was
3.81 (95% CI, 3.00-4.84). There was a
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strong dose-response relationship be-
tween pack-years of smoking and risk
of PAD (P<.001 for linear trend;
FIGURE 3).

FIGURE 4 displays the association be-
tween duration of hypertension, hy-
percholesterolemia, and type 2 diabe-
tes and risk of PAD. Regardless of
duration category, all men with a risk
factor had higher risks of developing
PAD compared with men without risk
factors. Risk of PAD tended to in-
crease with duration of both type 2 dia-
betes (P<<.001 for linear trend) and hy-
percholesterolemia (P=.05 for linear
trend), although duration of hyperten-

sion did not clearly modify risk. Among
men with a positive history of hyper-
tension, risk of PAD was higher among
men who reported use of 1 antihyper-
tensive drug (HR, 1.40; 95%; CI, 1.09-
1.78) or 2 or more antihypertensive
drugs (HR, 2.07; 95% CI, 1.55-2.78)
compared with men with hyperten-
sion who did not report current use of
antihypertensive drugs.

TABLE 2 provides the PAR percent-
ages associated with combinations of 2,
3, or all 4 clinical risk factors. The PAR
associated with these 4 risk factors was
75% (95% CI, 61%-84%). The PAR in-
creased slightly to 78% (95% CI, 66%-

]
Figure 3. Incident Peripheral Artery Disease (PAD) According to Pack-Years of Smoking
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86%) when we did not adjust for po-
tentially modifiable variables (ie, BMI,
physical activity level, aspirin use, and
alcohol consumption). Men who did
not have any of the 4 risk factors had a
HR of 0.23 (95% CI, 0.14-0.36) com-
pared with all other men in the co-
hort. In addition, the proportion of
cases with at least 1 risk factor at the
time of PAD diagnosis was 96% (95%
CI, 94%-98%).

Given the strong relationship be-
tween both current and past smoking
and risk of PAD, we explored the as-
sociation of the remaining 3 clinical risk
factors separately among never smok-
ers. Among never smokers, the ad-
justed HRs for PAD were 2.55 (95% CI,
1.60-4.06) for type 2 diabetes, 1.84
(95% CI, 1.23-2.76) for hypertension,
and 1.80 (95% CI, 1.20-2.72) for hy-
percholesterolemia. Never smokers
with no other risk factors (44.6% of all
never smokers) had a relative risk of
0.37 (95% CI, 0.23-0.62) compared
with all other never smokers in this co-
hort. Among never smokers, the PAR
associated with the 3 remaining clini-
cal risk factors was 53% (95% CI, 29%-
71%).

The hazard ratios (HRs) were adjusted for age, height, history of type 2 diabetes, hypertension, hypercholesterol-
emia, aspirin use, parental history of myocardial infarction at age 60 years or younger, geographical region, body
mass index, physical activity, and alcohol consumption. Data on pack-years of smoking were missing for 6.0% of
person-years during follow-up. Linear trends are based only on former and current smokers, respectively, and are
tested by treating the median of each category as a continuous variable.

aThe reference group was never smokers.

COMMENT

In this large prospective cohort study
of men, the combination of the 4 clini-
cal risk factors of smoking, hyperten-

]
Figure 4. Incident Peripheral Artery Disease (PAD) According to Duration of Hypertension, Hypercholesterolemia, and Diabetes
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The hazard ratios (HRs) were adjusted for age, height, smoking status, history of diabetes, hypertension, hypercholesterolemia, aspirin use, parental history of myo-
cardial infarction at age 60 years or younger, geographical region, body mass index, physical activity, and alcohol consumption. Linear trends are based only on par-
ticipants with the disease and are tested by using the median of each duration category as a continuous variable. The reference group for each of the individual risk
factors was the remainder of the cohort without the individual risk factor.
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sion, hypercholesterolemia, and type 2
diabetes was strongly and indepen-
dently associated with risk of con-
firmed and clinically significant PAD.
Duration of diabetes and hypercholes-
terolemia, severity of hypertension, and
cumulative intensity of smoking all
demonstrated graded relationships with
risk. Participants without these 4 tra-
ditional risk factors had an HR of 0.23
for developing PAD compared with all
other men.

The overall incidence of PAD was
low in this cohort (537 events among
44 985 participants, or an incidence
of 1%). This low incidence of PAD
is likely related to the definition
of a new PAD diagnosis. Most people
with PAD will never require lower-
extremity revascularization or even
undergo angiography. In addition,
previous studies showed that PAD is
frequently underdiagnosed.>®° Thus,
our findings regarding risk factors for
PAD are generalizable to people with
clinically significant PAD diagnosed
in a medical practice setting. In addi-
tion, the absolute risk of our PAD
outcome was low. Among individuals
with 1 risk factor, the absolute inci-

dence of PAD was 0.28/1000 person-
years. Even among individuals with
all 4 risk factors, the absolute inci-
dence of PAD was 3.5/1000 person-
years, likely because of the definition
used for the PAD outcome.

All of the 4 risk factors appeared to
confer increased risk within short pe-
riods following recognition and, in the
case of smoking, associated risk re-
mained elevated even 20 years after ces-
sation. At the same time, the joint ef-
fect of multiple risk factors combined
was independent and graded, with no
evidence that these risk factors be-
came less important among those al-
ready at high risk. Further study is
needed to determine whether aggres-
sive risk factor modification in pa-
tients with multiple atherosclerotic risk
factors can reduce the incidence of clini-
cally severe PAD. Among patients with
PAD, intense risk factor modification
in the form of correcting blood pres-
sure,”® optimizing control of diabe-
tes,* and normalizing low-density li-
poprotein cholesterol levels®! is
associated with lower morbidity and
mortality. Nevertheless, lowering low-
density lipoprotein cholesterol, for in-

stance, does not necessarily improve
functional capacity, such as calf muscle
perfusion or exercise performance
among patients with PAD, and impair-
ment of quality of life associated with
the disease remains.*> Unfortunately,
millions of US adults with prevalent but
undiagnosed PAD do not receive sec-
ondary prevention therapies.?

Taken together, these 4 risk factors
had a PAR of 75% for incident PAD,
roughly comparable with the PAR seen
for other cardiovascular diseases,?>>*
and for cardiovascular and noncardio-
vascular mortality.* Despite this simi-
larity, there are distinct and important
differences between their relation-
ships with PAD and other forms of car-
diovascular disease. For example, at
least 1 of these risk factors is present
in 80% of patients with coronary heart
disease (CHD)>* compared with more
than 95% of cases of severe PAD.

Similarly, active smoking is 2 to 3
times more strongly associated with
PAD than with CHD *® and elevated risk
among former smokers does not ap-
pear to return to baseline, in contrast
to our findings on both CHD*" and
stroke.”® Although risk remained el-

- ______________________________________________________________________________________________]
Table 2. Peripheral Artery Disease (PAD) by Combinations of Clinical Risk Factors?

Exposed Group, No. (%)

Unexposed Group, No. (%)

PAD PAD PAR
Person-Years Cases Person-Years Cases HR (95% CI)® (95% ClI), %°

2 Risk factors

Hypercholesterolemia and type 2 diabetes 421803 (44) 361 (67) 539530 (56) 176 (33)  2.08 (1.71-2.52) 28 (18-37)

Hypertension and hypercholesterolemia 550313 (57) 449 (84) 411020 (43) 88 (16) 2.61 (2.05-3.32) 48 (37-58)

Hypertension and type 2 diabetes 370415 (39) 403 (75) 590918 (61) 134 (25) 3.28 (2.67-4.03) 50 (41-58)

Smoking and type 2 diabetes 522607 (54) 441 (82) 438729 (46) 96 (18)  2.91(2.32-3.65) 53 (42-61)

Smoking and hypercholesterolemia 680275 (71) 490 (91) 281058 (29) 47 (9) 3.00 (2.21-4.07) 57 (44-68)

Smoking and hypertension 652259 (68) 491 (91) 309074 (32) 46 (9) 3.29 (2.42-4.48) 60 (47-71)
3 Risk factors

Hypertension, hypercholesterolemia, and type 2 diabetes 561786 (58) 461 (86) 399547 (42) 76 (14) 2.92 (2.26-3.76) 56 (46-64)

Smoking, hypercholesterolemia, and type 2 diabetes 690551 (72) 498 (93) 270782 (28) 39 (7) 3.40 (2.44-4.73) 63 (50-73)

Smoking, hypertension, and hypercholesterolemia 750808 (78) 513 (96) 210524 (22) 24 (4) 3.59 (2.37-5.44) 67 (52-78)

Smoking, hypertension, and type 2 diabetes 660985 (69) 501 (93) 300348 (31) 36 (7) 4.08 (2.89-5.76) 70 (58-78)
4 risk factors

Smoking, hypertension, hypercholesterolemia, and type 755734 (79) 518 (96) 205599 (21) 19 (4) 4.37 (2.75-6.94) 75 (61-84)

2 diabetes

Abbreviations: HR, hazard ratio; PAR, population attributable risk.
aThere were 961 333 person-years in the cohort and 537 cases of PAD.
The HRs compare individuals exposed to a specified combination of clinical risk factors with all unexposed individuals (reference group) in this population. The HRs (95% Cls) were
estimated from Cox proportional hazard models and adjusted for age, height, regular aspirin use, parental history of myocardial infarction at age 60 years or younger, geographical
region, body mass index (calculated as weight in kilograms divided by height in meters squared), physical activity, and alcohol consumption, and each of the other clinical risk factors

not included in the exposed group.

CThe PAR was calculated using pooled logistic regression models and was adjusted for age, period, height, regular aspirin use, parental history of myocardial infarction at age 60 years
or younger, geographical region, body mass index, physical activity, and alcohol consumption.
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evated among former smokers, it was
nearly 3-fold higher among current
smokers, emphasizing that smoking
cessation is never too late because it is
associated with lower risk of cardio-
vascular disease morbidity and mortal-
ity even among individuals with diag-
nosed PAD.*

Our findings also highlight the im-
portance of hypertension as a major risk
factor for PAD, with a PAR of more than
40%. Among men with hypertension,
the number of different antihyperten-
sive medications used (as a proxy for
hypertension severity) was also asso-
ciated with risk of PAD. We have pre-
viously reported the importance of
healthy lifestyle practices in preven-
tion of CHD among men with hyper-
tension,* and our current findings sup-
port the need for lifestyle measures to
prevent hypertension and reduce its se-
verity when possible.

The 4 risk factors were not of equal
magnitude in their association with
PAD risk. We found a somewhat lower
increase in risk of PAD associated with
hypercholesterolemia compared with
the other 3 risk factors. This may re-
flect the importance of effective treat-
ment for hypercholesterolemia. While
treatment for hypertension does not ap-
pear to fully reduce its associated risk
for CHD,*" statin therapy treats hyper-
cholesterolemia extremely effectively,
essentially eliminating its associated
risk.* Itis also possible that hypercho-
lesterolemia is simply less important in
the arterial beds that characterize PAD.
A similar phenomenon has been ob-
served for stroke compared with CHD.*

The strengths of our study include
its prospective design, large sample size,
long-term and updated follow-up, vali-
dated questionnaires to assess large
numbers of potential confounders, ho-
mogeneity in sex and profession, and
many clinically confirmed end points.

Nevertheless, several potential limi-
tations warrant clarification. First, we
used symptomatic PAD as our out-
come. Subclinical or asymptomatic
PAD, which may have otherwise been
detected by abnormal pulse examina-
tion or ankle-brachial index, may have
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been missed, similar to how individu-
als with asymptomatic carotid steno-
sis or silent stroke are missed in stud-
ies of clinical stroke. If true, our results
represent only the most severe mani-
festations of a much more common
problem, although these risk factors
also appear to increase the risk of sub-
clinical PAD.* Moreover, end points in-
cluded in this analysis were con-
firmed by medical records, reducing the
likelihood of false-positive cases al-
beit at the risk of a falsely low inci-
dence rate. Perhaps most importantly,
this definition (similar to that used in
most large cohort studies) captures
clinically meaningful cases and a level
of disease severity that is of unequivo-
cal importance to both patients and
physicians.

To account for missing data on con-
founding variables that were updated
biennially during follow-up, we im-
puted missing data by carrying values
of the last questionnaire forward. This
method was best suited to our bien-
nial assessment of risk factors and the
large number of observations and vari-
ables in our database. Given our study
design, this method of imputation is
likely to closely represent the mul-
tiple imputation method. However, the
multiple imputation method may have
lead to a less biased estimate.

Smoking status and physician-
diagnosed diabetes, hypertension, and
hypercholesterolemia were self-
reported. While generally valid and
clearly associated with risk, these self-
reported measures may underestimate
the risk if nondifferential misclassifi-
cation is present. We also evaluated
duration of risk factors but not detailed
measures of severity, which may be
important for the relationships of blood
pressure® and diabetes® with risk of
PAD. Nevertheless, the simplicity of
binary cut points of clinically elevated
levels may help provide discrete guid-
ance for patients in the clinical setting.

The cohort included mainly white
men, and our findings may not be gen-
eralizable to other groups, although we
have no reason to suspect that stan-
dard risk factors are any less impor-

tant in other populations. In addition,
as with any observational study, un-
measured or residual confounding may
be present despite the substantial num-
ber of potentially confounding factors
for which we adjusted. For example,
these risk factors co-occur with eleva-
tions in inflammatory and hemostatic
biomarkers, although they appear to
represent independent statistical fac-
tors.*

In conclusion, in this well-charac-
terized cohort of US men followed up
for longer than 2 decades, smoking, hy-
pertension, hypercholesterolemia, and
type 2 diabetes each demonstrated
strong, graded, and independent asso-
ciations with risk of clinically signifi-
cant PAD.
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