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ABSTRACT
Background: Peripheral arterial disease (PAD) is a costly source of
morbidity and mortality among older persons in the United States.
Dietary intake plays a role in the development of atherosclerotic
cardiovascular disease; however, few studies have examined the
relation of food intake or dietary patterns with PAD.
Objective: We examined the relation between habitual dietary in-
take at midlife and incident PAD over w20 y of follow-up.
Design: Among 14,082 participants enrolled in the ARIC (Atheroscle-
rosis Risk in Communities) Study initially free of PAD, dietary intake
was assessed at baseline in 1987–1989 by using a modified Harvard
food-frequency questionnaire. Food groups were created, and principal
components analysis was used to develop “healthy” and “Western” di-
etary patterns; both were categorized into quintiles or quartiles. Incident
PAD was determined by an ankle-brachial index ,0.9 assessed at 2
subsequent examinations and hospital discharge codes through 2012.
Multivariate-adjusted Cox proportional hazards regression was used.
Results: During a mean follow-up of 19.9 y, 1569 participants devel-
oped incident PAD. In models adjusted for demographic characteristics,
behaviors, and food groups, the HRs (95% CIs) for incident PAD in-
creased across quintiles of meat consumption [quintile 1: reference,
quintile 2: 1.38 (1.16, 1.65), quintile 3: 1.38 (1.16, 1.65), quintile 4:
1.45 (1.20, 1.74), quintile 5: 1.66 (1.36, 2.03); P-trend ,0.001]. Com-
pared with those who drank no alcohol, those who had 1–6 drinks/wk
had a lower risk of incident PAD [0.78 (0.68, 0.89)]. For coffee,
$4 cups/d compared with none was inversely associated with in-
cident PAD [quintile 5 compared with quintile 1: 0.84 (0.75, 1.00);
P-trend = 0.014]. There was no association between other food
groups or patterns and incident PAD.
Conclusions: In this prospective cohort study, greater meat con-
sumption was associated with a higher risk, and moderate alcohol
consumption was associated with a lower risk of incident PAD.
Whether these associations are causal remains to be seen. This trial
was registered at clinicaltrials.gov as NCT00005131. Am J
Clin Nutr 2017;105:651–9.
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INTRODUCTION

In the United States, peripheral arterial disease (PAD)5,
caused primarily by atherosclerosis, affects 8.5 million adults

aged $40 y, with similar proportions of men and women (1, 2).
PAD is frequently underdiagnosed, yet its total costs in the
United States exceed $21 billion/y (3). Because PAD is
associated with reduced functional capacity and quality of life,
as well as increased risk of limb amputation and death (1),
additional information on the preventable causes of PAD is
needed.

Although smoking (including intensity, total dose, and du-
ration of smoking cessation), diabetes, hypertension, and
dyslipidemia are important risk factors for PAD (1, 4), the role
of diet in the development of PAD is not well documented.
Several dietary factors support a strong causal link with cor-
onary artery disease, including the protective effect of the
Mediterranean diet, a high-quality diet, a “prudent” diet, veg-
etables, and nuts and the harmful effect of the “Western” diet,
trans-fatty acids, and high–glycemic index or load (5). Cross-
sectional and case-control studies have suggested that PAD is
inversely associated with several nutrients, including fiber from
cereal (6–8), vegetable oil (9), vitamin A (8, 10), vitamin C (8,
11–13), vitamin D (14–16), vitamin E (7–9, 13), and folate (8,
10, 17–19), although the relation may not be causal. Recent
research on dietary patterns and food groups has found that
increased nut intake is cross-sectionally associated with
lower PAD prevalence (20), whereas higher meat consumption
has been associated with a lower mean ankle-brachial index
(ABI) (7).
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Few longitudinal studies have examined the relation be-
tween major food groups or a healthy-diet pattern with risk
of developing incident PAD. No association of intake of
fruit and vegetables with PAD in men has been found (21),
although alcohol intake has been inversely related (22–24).
Additionally, a randomized controlled trial found that those
who followed a Mediterranean-diet pattern were less likely
to develop PAD, suggesting a causal link (25). A high-quality
diet may reduce oxidative stress and endothelial dysfunction
and improve erythrocyte deformability, blood viscosity, and
oxygen perfusion, which may reduce the number of incident
PAD cases (26). Therefore, the objective of this study was
to determine the long-term prospective association of food
groups—including meat, dairy, whole and refined grains, fruit,
vegetables, nuts, and beverages—and dietary patterns with risk
of incident PAD in a biethnic community cohort.

METHODS

The ARIC (Atherosclerosis Risk in Communities) Study
(NCT00005131) is a multicenter, community-based, prospective
cohort study designed to investigate causes of atherosclerosis, its
clinical outcomes, and variations in cardiovascular disease risk factors
(27). The study involves 4 communities: Forsyth County, North
Carolina; Jackson, Mississippi; selected suburbs of Minneapolis,
Minnesota; andWashington County, Maryland. Recruitment took
place in 1987–1989, and the study cohort included 15,972 pre-
dominantly black and white men and women who were aged
45–64 y at baseline. Five visits have now taken place, in 1987–
1989 (visit 1), 1990–1992 (visit 2), 1993–1995 (visit 3), 1996–
1998 (visit 4), and 2011–2013 (visit 5). We excluded from the
study participants with prevalent PAD as defined by ABI ,0.90
(n = 1125), those who were neither black nor white as well as
blacks from the Minnesota and Maryland centers (n = 103), and
those with implausible energy intake, which was defined as
,500 or .3500 kcal for women and ,700 or .4500 kcal for
men (n = 392). The final analytic sample was 14,082. The In-
stitutional Review Boards at all participating centers approved
the study procedures, and all participants signed consent forms
before enrollment.

Exposure

Dietary intake was assessed at visit 1 with the use of a modified
66-item Harvard food-frequency questionnaire (FFQ), including
additional questions about fish intake (28). For each food item,
frequency of intake was queried according to 9 predefined cate-
gories, and standard portion sizes were assumed. We created food
groups, including meat (hamburger, red meat, hot dogs, sausage,
bacon, liver), fish and seafood (canned tuna fish, fish, shrimp, lobster,
scallops), poultry (chicken, turkey), dairy (milk, yogurt, ice cream,
cheese), fruits (apples, pears, bananas, oranges, fruit juice, peaches,
apricots, plums, other fruits), vegetables (green beans, cabbage,
broccoli, cauliflower, brussels sprouts, sweet potatoes, squash,
carrots, corn, dark leafy vegetables, peas, lima beans, beans, lentils,
tomatoes, potatoes), whole grains (whole grain bread, whole grain
cold cereal), refined grains (refined bread, refined cold cereal, re-
fined rice and pasta, biscuits, dessert, snacks), nuts, coffee, tea, alcohol,
sugar-sweetened beverages (regular soda and fruit drinks), and diet
soda. In addition, 29 food groups were used to derive 2 dietary

patterns through principal components analysis. Both the food
groups and the dietary patterns were categorized into quintiles or
quartiles, depending on the distribution.

Outcome

Incident PAD was defined by a new ABI measure of ,0.90 at
either visit 3 or 4, or a hospital discharge diagnosis of PAD, a leg
amputation, or a leg revascularization procedure (leg endarter-
ectomy, aorto-iliac-femoral bypass surgery, or leg bypass sur-
gery) through 2012. An ABI was measured on the full sample at
visit 1 but only on a random sample at visits 3 and 4 (32.3% and
49.6% of visit attendees, respectively) (29). To measure ABI,
trained staff used the Dinamap 1846 automated oscillometric
device to measure ankle blood pressure at the posterior tibial
artery in a randomly selected leg and brachial blood pressure in
the right arm, with the participant in the supine position (30).
ABI was defined as the ratio of the ankle systolic blood pressure
to the brachial blood pressure.

TABLE 1

Participant characteristics by sex at baseline: the Atherosclerosis Risk in

Communities Study (1987–2012)1

Men (N = 6341) Women (N = 7741)

Age, y 54.5 6 5.82 53.7 6 5.7

Race/ethnicity

Black 1379 (21.7)3 2288 (29.6)

White 4962 (78.3) 5453 (70.4)

Education

Less than high school 1489 (23.5) 1747 (22.6)

High school 2287 (36.1) 3464 (44.7)

More than high school 2553 (40.3) 2520 (32.6)

Smoking

Current 1700 (26.8) 1858 (24.0)

Former 2828 (44.6) 1743 (22.5)

Never 1812 (28.6) 4132 (53.4)

Pack-years 22.5 6 24.7 9.9 6 16.3

Physical activity, 1–5 scale 2.6 6 0.8 2.3 6 0.8

Daily calorie intake, kcal 1796.5 6 645.1 1494.4 6 535.6

Alcohol, drinks/wk 5.1 6 9.3 1.5 6 3.7

Height, cm 176.2 6 6.6 162.4 6 6.0

Type 2 diabetes 580 (9.2) 737 (9.6)

Hypertension 2121 (33.6) 2663 (34.6)

HDL, mg/dL 44.5 6 13.9 57.6 6 17.2

LDL, mg/dL 139.2 6 37.1 135.5 6 40.7

Food groups, servings/d

Meat 1.2 6 0.8 0.9 6 0.7

Fish and seafood 0.3 6 0.3 0.3 6 0.3

Poultry 0.3 6 0.3 0.4 6 0.3

Dairy 1.7 6 1.4 1.5 6 1.2

Fruits 1.8 6 1.5 2.2 6 1.6

Vegetables 2.0 6 1.3 2.1 6 1.2

Whole grains 1.3 6 1.3 1.2 6 1.1

Refined grains 2.8 6 1.9 2.1 6 1.5

Nuts 0.1 6 0.3 0.1 6 0.2

Coffee 2.0 6 2.1 1.6 6 2.0

Tea 0.5 6 1.0 0.6 6 1.1

Sugar-sweetened beverages 0.6 6 1.0 0.5 6 0.9

Diet soda 0.5 6 0.9 0.6 6 1.0

1 Some totals may not equal the total N for each group due to missing data.
2Mean 6 SD (all such values).
3 n; percentage in parentheses (all such values).
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TABLE 2

Adjusted HRs (95% CIs) for food groups and risk of incident peripheral arterial disease: the Atherosclerosis Risk in Communities Study (1987–2012)1

Events, n Study participants, n Model 12 Model 23 Model 34 Model 45

Meat, servings/d NR

#0.42 237 2877 1 (referent) 1 (referent) 1 (referent) 1 (referent)

0.43–0.74 307 2757 1.39 (1.17, 1.65) 1.33 (1.12, 1.58) 1.38 (1.16, 1.65) 1.30 (1.09, 1.55)

0.75–1.10 318 2805 1.40 (1.18, 1.67) 1.31 (1.10, 1.55) 1.38 (1.16, 1.65) 1.27 (1.06, 1.52)

1.11–1.56 331 2798 1.46 (1.22, 1.74) 1.33 (1.11, 1.59) 1.45 (1.20, 1.74) 1.26 (1.04, 1.52)

$1.57 376 2845 1.60 (1.32, 1.93) 1.47 (1.22, 1.78) 1.66 (1.36, 2.03) 1.41 (1.15, 1.73)

P-trend ,0.001 ,0.001 ,0.001 0.009

Fish and seafood, servings/d NR

0–0.07 314 2752 1 (referent) 1 (referent) 1 (referent)

0.14 261 2429 0.96 (0.81, 1.13) 0.97 (0.82, 1.15) 0.97 (0.82, 1.15)

0.21–0.28 431 3972 0.95 (0.82, 1.11) 0.98 (0.84, 1.14) 0.97 (0.84, 1.13)

0.35–0.50 259 2291 0.99 (0.84, 1.18) 1.04 (0.88, 1.23) 1.04 (0.87, 1.23)

.0.50 304 2638 1.02 (0.87, 1.21) 1.11 (0.94, 1.31) 1.10 (0.92, 1.30)

P-trend 0.693 0.172 0.238

Poultry, servings/d NR

0–0.07 230 1933 1 (referent) 1 (referent) 1 (referent)

0.14 432 3764 0.98 (0.83, 1.15) 0.97 (0.83, 1.15) 0.96 (0.82, 1.13)

0.21–0.28 170 1581 0.95 (0.78, 1.16) 1.01 (0.83, 1.24) 1.00 (0.82, 1.23)

0.43 423 4017 0.88 (0.75, 1.04) 0.96 (0.81, 1.13) 0.95 (0.80, 1.12)

$0.50 314 2787 1.00 (0.84, 1.20) 1.12 (0.94, 1.34) 1.12 (0.94, 1.35)

P-trend 0.545 0.272 0.274

Dairy, servings/d NR

#0.56 322 2613 1 (referent) 1 (referent) 1 (referent)

0.57–1.13 320 2956 0.87 (0.75, 1.02) 0.93 (0.79, 1.09) 0.94 (0.80, 1.10)

1.14–1.56 307 2788 0.87 (0.74, 1.02) 0.95 (0.81, 1.12) 0.96 (0.81, 1.13)

1.57–2.49 299 2906 0.81 (0.69, 0.96) 0.89 (0.75, 1.05) 0.90 (0.76, 1.07)

$2.50 321 2819 0.93 (0.78, 1.11) 1.03 (0.86, 1.23) 1.09 (0.90, 1.30)

P-trend 0.291 0.978 0.648

Fruits, servings/d NR

#0.78 328 2852 1 (referent) 1 (referent) 1 (referent)

0.79–1.42 301 2750 0.95 (0.81, 1.11) 1.04 (0.89, 1.22) 1.03 (0.88, 1.21)

1.43–2.07 328 2852 0.98 (0.84, 1.15) 1.13 (0.96, 1.32) 1.13 (0.96, 1.33)

2.08–3.00 279 2792 0.81 (0.69, 0.96) 1.01 (0.85, 1.19) 1.02 (0.86, 1.21)

.3.00 333 2836 0.90 (0.77, 1.06) 1.15 (0.97, 1.36) 1.19 (1.00, 1.42)

P-trend 0.062 0.202 0.102

Vegetables, servings/d NR

#1.08 313 2819 1 (referent) 1 (referent) 1 (referent)

1.12–1.55 320 2819 0.99 (0.85, 1.16) 1.02 (0.87, 1.19) 1.01 (0.86, 1.19)

1.56–2.13 295 2802 0.94 (0.80, 1.11) 0.99 (0.84, 1.16) 0.99 (0.84, 1.16)

2.13–2.91 307 2825 0.95 (0.80, 1.11) 1.01 (0.85, 1.19) 1.01 (0.86, 1.20)

.2.91 334 2817 0.98 (0.83, 1.17) 1.06 (0.89, 1.26) 1.07 (0.90, 1.28)

P-trend 0.674 0.579 0.504

Whole grains, servings/d NR

#0.21 354 2800 1 (referent) 1 (referent) 1 (referent)

0.28–0.80 332 2981 0.94 (0.81, 1.09) 0.99 (0.85, 1.16) 0.99 (0.85, 1.15)

0.86–1.08 275 2504 0.90 (0.77, 1.06) 1.02 (0.87, 1.20) 1.02 (0.87, 1.20)

1.14–2.00 324 3106 0.89 (0.77, 1.04) 1.08 (0.92, 1.27) 1.08 (0.92, 1.27)

.2.00 284 2691 0.89 (0.76, 1.05) 1.08 (0.92, 1.28) 1.10 (0.93, 1.31)

P-trend 0.114 0.210 0.158

Refined grains, servings/d NR

#1 301 2821 1 (referent) 1 (referent) 1 (referent)

1.01–1.62 292 2795 0.95 (0.81, 1.12) 0.97 (0.82, 1.14) 0.98 (0.84, 1.16)

1.63–2.35 312 2831 0.97 (0.82, 1.14) 0.98 (0.83, 1.16) 1.02 (0.86, 1.21)

2.36–3.51 321 2820 0.93 (0.78, 1.10) 0.91 (0.77, 1.08) 0.97 (0.81, 1.16)

$3.52 343 2815 0.94 (0.78, 1.14) 0.92 (0.76, 1.11) 1.03 (0.84, 1.26)

P-trend 0.503 0.279 0.894

Nuts, servings NR

Almost never 704 5780 1 (referent) 1 (referent) 1 (referent)

1–3/mo 435 4253 0.90 (0.79, 1.01) 0.93 (0.82, 1.05) 0.94 (0.83, 1.06)

1/wk 219 2154 0.87 (0.74, 1.01) 0.92 (0.78, 1.07) 0.93 (0.80, 1.09)

$2/wk 211 1893 0.95 (0.81, 1.12) 1.01 (0.86, 1.19) 1.04 (0.89, 1.23)

P-trend 0.213 0.711 0.996

(Continued)
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Cohort participants were contacted annually by phone to identify
all hospitalizations, coupled with surveillance of local hospitals for
discharges for cardiovascular diagnoses. Hospitalized PAD was
defined by the following International Classification of Diseases, 9th
edition (ICD-9) codes: 00.55 (insertion of drug-eluting peripheral
vessel stents), 38.18 (leg endarterectomy), 39.25 (aorto-iliac-femoral
bypass), 39.29 (leg bypass surgery), 39.50 (angioplasty or athe-
rectomy of other noncoronary vessels), 39.90 (insertion of non–
drug-eluting peripheral vessel stents), 84.11 (toe amputation),
84.12 (foot amputation), 84.15 (below-knee amputation), 84.17
(above-knee amputation), 440.21 (atherosclerosis of native arteries
of the extremities with intermittent claudication), 440.22 (ath-
erosclerosis of native arteries of the extremities with rest pain),
440.23 (atherosclerosis of native arteries of the extremities with
ulceration), 440.24 (atherosclerosis of native arteries of the ex-
tremities with gangrene), 443.9 (peripheral arterial disease,
unspecified), and 785.4 (gangrene) through 2012 (29).

Confounding variables

Covariates were assessed at visit 1. Sociodemographic char-
acteristics included self-reported age, race/ethnicity, sex, and field

center. Height was measured to the nearest centimeter while standing.
Behavioral factors included smoking [both status (i.e., current, former,
or never) and pack-years] and physical activity as measured by the
Baecke questionnaire sport index (31).

Analysis

Descriptive statistics were calculated for demographics,
clinical values, and dietary intake, stratified by sex. Cox pro-
portional hazards models were used to model time to incident PAD
events relative to baseline dietary intake. Person-time was cal-
culated by using time from the baseline examination until a PAD
event, loss to follow-up, death, or 31 December 2012. The pro-
portional hazards assumption was checked by using interactions
with time and tests of correlations of the residuals, and no major
violations were detected. Tests for linear trend were conducted by
modeling exposures as continuous. Interactions between diet and
age, sex, and race/ethnicity on PAD were tested by using cross-
product terms and stratification, as appropriate. Principal com-
ponents analysis was used to derive dietary patterns from 29 food
groups by using the principal extraction method. Varimax rota-
tion was used to remove correlation for greater interpretability.

TABLE 2 (Continued )

Events, n Study participants, n Model 12 Model 23 Model 34 Model 45

Coffee, servings NR

0 439 3762 1 (referent) 1 (referent) 1 (referent)

1/mo to 6/wk 198 1937 0.89 (0.75, 1.05) 0.89 (0.75, 1.05) 0.89 (0.75, 1.06)

1/d 319 2734 0.93 (0.80, 1.07) 0.89 (0.77, 1.03) 0.89 (0.77, 1.03)

2–3/d 346 3262 0.94 (0.81, 1.09) 0.82 (0.71, 0.95) 0.83 (0.72, 0.97)

$4/d 267 2387 1.13 (0.97, 1.33) 0.84 (0.71, 0.99) 0.84 (0.75, 1.00)

P-trend 0.348 0.009 0.014

Tea, servings NR

Almost never 635 5378 1 (referent) 1 (referent) 1 (referent)

1/mo to 1/wk 324 3076 0.90 (0.79, 1.03) 0.94 (0.82, 1.08) 0.94 (0.82, 1.08)

2–6/wk 246 2271 0.92 (0.79, 1.07) 0.99 (0.85, 1.16) 0.99 (0.85, 1.16)

$1/d 364 3357 0.91 (0.79, 1.04) 0.96 (0.84, 1.10) 0.96 (0.84, 1.09)

P-trend 0.101 0.550 0.529

Sugar-sweetened beverages, servings NR

Almost never 506 4440 1 (referent) 1 (referent) 1 (referent)

1–3/mo 169 1611 0.84 (0.70, 1.00) 0.86 (0.72, 1.03) 0.87 (0.73, 1.04)

1/wk 233 2069 0.85 (0.72, 0.99) 0.89 (0.76, 1.04) 0.89 (0.76, 1.05)

2–6/wk 283 2822 0.71 (0.61, 0.82) 0.71 (0.61, 0.83) 0.74 (0.63, 0.86)

$1/d 377 3136 0.82 (0.70, 0.95) 0.79 (0.68, 0.92) 0.86 (0.73, 1.00)

P-trend ,0.001 ,0.001 0.005

Diet soda, servings NR

Almost never 714 6365 1 (referent) 1 (referent) 1 (referent)

1/mo to 1/wk 249 2207 1.09 (0.94, 1.26) 1.21 (1.04, 1.41) 1.19 (1.02, 1.38)

2–6/wk 220 2314 0.93 (0.80, 1.09) 1.06 (0.91, 1.24) 1.02 (0.87, 1.20)

$1/d 385 3195 1.25 (1.10, 1.42) 1.35 (1.19, 1.54) 1.31 (1.15, 1.49)

P-trend 0.007 ,0.001 ,0.001

Alcohol, drinks/wk NR

0 1012 8560 1 (referent) 1 (referent) 1 (referent) 1 (referent)

1–6 290 3291 0.85 (0.74, 0.97) 0.77 (0.67, 0.88) 0.78 (0.68, 0.89) 0.86 (0.75, 0.99)

$7 260 2203 1.09 (0.94, 1.26) 0.84 (0.72, 0.98) 0.89 (0.76, 1.04) 1.00 (0.85, 1.18)

P-trend 0.813 0.011 0.024

1NR, model not run.
2 Adjusted for age, sex, race/ethnicity, field center, education, height, and energy intake.
3 Adjusted as for model 1 plus for physical activity, baseline smoking status, and pack-years.
4 Adjusted as for model 2 plus for meat, dairy, fruits, vegetables, whole grains, and refined grains.
5 Adjusted as for model 3 plus for diabetes status, hypertension status, and HDL and LDL cholesterol.
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Based on the eigenvalues, interpretability, and previous ARIC diet
articles (32, 33), 2 factors were chosen: the Western diet pattern
and the healthy diet pattern. SAS version 9.3 (SAS Institute) was
used to analyze the data.

We explored a series of models. The first model controlled for
age, race/ethnicity, sex, field center, education, height, and energy
intake (continuous). Model 2 added physical activity (continuous),
smoking status, and pack-years. For the models with food groups
as the exposures, model 3 was added, which additionally con-
trolled for meat, dairy, fruits and vegetables, whole grains, and
refined grains as continuous variables.

RESULTS

The mean age at visit 1 was 54.1 y, and 55.0% of the sample
was female. As shown in Table 1, women at baseline on average
were younger, engaged in less physical activity, consumed fewer
calories, and consumed fewer servings of refined grains, meat,
coffee, and regular soda than men. Relative to men, a greater

percentage of women identified as black, having a high school
education, and being never smokers.

We identified 1569 incident cases of PAD over a mean of
19.9 y of follow-up. The crude incidence rate was 5.6 cases/
1000 person-years. PAD cases were similarly distributed in men
(12.3%) and women (10.2%) and in blacks (12.4%) and whites
(10.7%). A total of 37.8% of PAD cases were current smokers.
Of these cases, incident PAD was identified by ICD-9 codes for
64.7%, whereas for 35.3% it was identified by ABI at visit 3 or
4. A list of ICD-9 codes used can be found in Supplemental
Table 1.

Table 2 shows HRs (95% CIs) of incident PAD for each food
group. In fully adjusted models, we found few statistically sig-
nificant associations between the food groups and risk of incident
PAD. Compared with participants in the lowest quintile, the HRs
for incident PAD increased across quintiles of meat consump-
tion [quintile 5 compared with quintile 1: 1.66 (1.36, 2.03);
P-trend , 0.001]. For alcohol, 1–6 drinks/wk (compared with
0 drinks) was associated with a lower risk of incident PAD [0.78
(0.68, 0.89)], but for$7 drinks/wk the magnitude of the association
was much smaller and not statistically significant [0.89 (0.76, 1.04)].
For coffee, there was a small, statistically significant inverse asso-
ciation with incident PAD [quintile 5 compared with quintile 1: 0.84
(0.75, 1.00); P-trend = 0.014]. Sugar-sweetened beverages were
associated with lower risk of PAD and diet soda with higher risk of
PAD. However, when stratified by diabetes status at baseline
(Supplemental Table 2), there was no relation between sugar-
sweetened beverages and PAD. For those with diabetes, those who
drank more diet soda were at increased risk of incident PAD, but
there was no association between diet soda and PAD among those
without diabetes. Overall, there was no association between con-
sumption of fish and seafood, poultry, dairy, fruits, vegetables,
whole grains, refined grains, nuts, and other beverages with incident
PAD. There was no effect modification by sex.

Table 3 shows HRs (95% CIs) for meat subgroups and risk of
incident PAD. Compared with participants in the lowest quintile,

TABLE 3

Adjusted HRs (95% CIs) for meat subgroups and risk of incident peripheral arterial disease: the Atherosclerosis Risk in Communities Study (1987–2012)

Events, n Study participants, n Model 11 Model 22 Model 33 Model 44

Red meat,5 servings/d

#0.18 244 2530 1 (referent) 1 (referent) 1 (referent) 1 (referent)

0.21–0.32 266 2685 1.05 (0.88, 1.24) 1.01 (0.85, 1.20) 1.03 (0.87, 1.23) 0.99 (0.82, 1.18)

0.35–0.57 411 3355 1.32 (1.13, 1.56) 1.27 (1.08, 1.49) 1.32 (1.12, 1.56) 1.24 (1.05, 1.47)

0.61–0.78 320 2620 1.31 (1.10, 1.56) 1.29 (1.08, 1.54) 1.38 (1.15, 1.65) 1.27 (1.06, 1.52)

$0.79 328 2892 1.26 (1.04, 1.51) 1.23 (1.02, 1.49) 1.35 (1.11, 1.64) 1.16 (0.95, 1.42)

P-trend 0.001 0.002 ,0.001 0.016

Processed meat,6 servings/d

#0.07 299 3203 1 (referent) 1 (referent) 1 (referent) 1 (referent)

0.14 171 1758 1.00 (0.83, 1.21) 0.95 (0.78, 1.15) 0.97 (0.80, 1.17) 0.95 (0.78, 1.15)

0.21–0.42 379 3492 1.16 (1.00, 1.36) 1.10 (0.94, 1.28) 1.14 (0.97, 1.33) 1.07 (0.91, 1.26)

0.43–0.80 330 2734 1.24 (1.05, 1.46) 1.11 (0.94, 1.31) 1.16 (0.98, 1.37) 1.05 (0.88, 1.25)

$0.86 390 2895 1.31 (1.10, 1.55) 1.17 (0.99, 1.40) 1.25 (1.05, 1.49) 1.13 (0.95, 1.36)

P-trend ,0.001 0.031 0.005 0.127

1Adjusted for age, sex, race/ethnicity, field center, education, height, and energy intake.
2 Adjusted as for model 1 plus for physical activity, baseline smoking status, and pack-years.
3 Adjusted as for model 2 plus for dairy, fruits, vegetables, refined grains, and whole grains.
4 Adjusted as for model 3 plus for diabetes status, hypertension status, and HDL and LDL cholesterol.
5 Hamburger, meat sandwich, or red meat as main dish.
6 Hot dogs, sausages, or bacon.

FIGURE 1 Incident rates for PAD by tertiles of red meat and processed
meat intake. The x axis indicates tertiles of processed meat intake. The y axis
indicates tertiles of red meat intake. The z axis indicates the incident rate per
1000 person-years. PAD, peripheral arterial disease; T, tertile.
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the HR for incident PAD in the highest quintile of red meat
consumption was 1.26 (1.04, 1.51) and 1.31 (1.10, 1.55) for pro-
cessed meat consumption. Results were similar with adjustment
for additional confounders. Incidence rates for PAD by processed
meat and red meat consumption can be found in Figure 1. Inci-
dence rates were lower at the lowest tertiles of consumption.

The rotated factor pattern from the principal components
analysis can be found in Table 4. There were no significant
associations of either the Western diet pattern (factor 1) or the
healthy diet pattern (factor 2) with incident PAD after demo-
graphic adjustments. (Table 5). However, with additional ad-
justment for physical activity, smoking status, and pack-years,
there was a linear trend whereby higher consumption of the
healthy dietary pattern was associated with increased risk of
incident PAD.

To explore this counterintuitive association, we examined
interaction by smoking status. There was not a significant in-
teraction by smoking status (P-interaction = 0.16); however,
when we stratified by smoking status we observed variation in
the estimates. Specifically, comparing quintile 5 and quintile 1 of
the healthy dietary pattern, the risk of incident PAD was higher
in former smokers (1.48 (1.09, 2.02)] than in current smokers
[1.18 (0.88, 1.59)] or in never smokers [0.97 (0.71, 1.33)].

Several sensitivity analyses were conducted to test the ro-
bustness of the results. When participants with ABI .1.4 were
removed from the sample, no appreciable changes were detected.
Additionally, no changes were detected when only those partic-
ipants with PAD defined by ICD-9 codes were counted as cases.

DISCUSSION

The main finding from this prospective, community-based
study was a moderately strong positive association between
meat consumption and incident PAD. Additionally, low al-
cohol intake and coffee consumption were associated with a
lower risk of incident PAD. These results provide some of the
first prospective evidence of a relation between diet and in-
cident PAD.

Our finding that greater meat consumption was associated
with higher PAD risk is consistent with previous findings from a
cross-sectional study in which greater meat consumption was
associated with lower ABI (7). Greater meat consumption has
been linked to increased risk of other cardiovascular diseases
(34, 35), including stroke, but not coronary artery disease in the
ARIC Study (36, 37). Also, supporting our finding, red and
processed meat have consistently been associated with other
cardiovascular events and risk factors. Red and processed meat
have also been positively associated with cardiovascular disease
mortality (35). Processed meat, but not red meat, has been
positively associated with incident coronary artery disease and
diabetes (38).

There are several potential pathways by which meat con-
sumption may influence PAD. The high levels of sodium and
nitrate preservatives in processed meats may raise blood
pressure, which may increase the risk of incident PAD (39).
Meta-analyses have shown consistent and positive associations
between meat and another risk factor for PAD, type 2 diabetes,
as was found in this study (data not shown) (40). Additionally,
intake of heme iron has been consistently associated with type
2 diabetes (34).

TABLE 4

Rotated factor pattern from principal components analysis

Value

Factor 1 (Western diet pattern)

Processed meats 0.61

Fried food 0.61

Refined grains 0.61

Red meat 0.57

Eggs 0.47

Dessert 0.44

High-fat dairy 0.40

Sugar-sweetened beverages 0.37

Fat 0.34

Sweets 0.33

Legumes 0.33

Potatoes 0.30

Ice cream 0.28

Other vegetables 0.26

Nuts and peanut butter 0.21

Coffee 0.16

Tomatoes 0.14

Tea 0.12

Dark-leaf vegetables 0.08

Carotene vegetables 0.01

Fruit juice 0.00

Diet soda 20.02

Fish and seafood 20.03

Poultry 20.03

Cruciferous vegetables 20.04

Fruits, excluding fruit juice 20.08

Whole grains 20.08

Low-fat dairy 20.10

Yogurt 20.17

Factor 2 (healthy diet pattern)

Cruciferous vegetables 0.61

Fruits, excluding fruit juice 0.58

Carotene vegetables 0.57

Other vegetables 0.53

Fish and seafood 0.47

Poultry 0.44

Dark-leaf vegetables 0.43

Whole grains 0.38

Tomatoes 0.38

Legumes 0.35

Low-fat dairy 0.31

Yogurt 0.28

Fruit juice 0.26

Potatoes 0.24

Nuts and peanut butter 0.23

Fat 0.20

Diet soda 0.12

Tea 0.07

High-fat dairy 0.05

Red meat 0.02

Dessert 0.01

Ice cream 0.01

Sweets 20.01

Eggs 20.03

Coffee 20.07

Processed meat 20.08

Refined grains 20.09

Fried food 20.13

Sugar-sweetened beverages 20.17
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In this study, 1–6 drinks/wk, but not $7 drinks, was as-
sociated with a lower risk of incident PAD. This is consistent
with evidence from several other cohort studies, in which
moderate alcohol consumption was associated with a lower
risk of incident PAD (22–24). Moderate alcohol has also
been inversely associated with other cardiovascular diseases
in many observational and experimental studies (41, 42),
although not always in the ARIC Study (43, 44). Alcohol
consumption may affect the lipid profile, especially by
raising HDL cholesterol and improving insulin sensitivity,
which may reduce the incidence of cardiovascular diseases,
including PAD (45–47). However, the inverse association
between alcohol and PAD in this study may be due to re-
sidual confounding, because cardiovascular disease risk fac-
tors, such as diabetes, physical inactivity, obesity, and poor
general health, are more common among nondrinkers than
moderate drinkers (48).

Additionally, coffee had a small, statistically significant in-
verse association with incident PAD. Previous research on
coffee consumption and cardiovascular disease has also
detected inverse associations, although some have also been
U-shaped (49). Coffee consumption has been associated with
higher insulin sensitivity and lower risk of type 2 diabetes, a
major risk factor for PAD (50). However, those with prevalent
disease related to PAD may have altered their coffee intake,
confounding the association.

Although no association was found between dietary patterns
and incident PAD in demographic-adjusted models, there
was a linear trend for the association between the healthy-diet
pattern and incident PAD once behaviors were added as
confounders. However, this relation varied by smoking status, a
major risk factor for PAD. When stratified, higher con-
sumption of the healthy-diet pattern was associated with
a greater risk of incident PAD among former smokers but not
among current or never smokers. Participants who were former
smokers may have changed their diet in response to another
health issue, and thus these findings likely do not represent an
etiologic association between a healthy-diet pattern and in-
cident PAD.

In this study, intakes of dairy, whole and refined grains, fruit,
vegetables, and nuts, among others, were not associated with
incident PAD. Food groups have been examined in relation to
PAD in few previous studies, although associations between
dietary intake of nutrients and PAD have been studied more
extensively (6–18). In a large sample of adults who completed
vascular screening tests, nut consumption was inversely asso-
ciated with prevalent PAD (20). Fruit and vegetable con-
sumption in a large cohort of male health professionals was
not associated with incident PAD over 12 y of follow-up (21).
Dietary patterns have also been examined in relation to PAD
with mixed results. A case-control study of people with dia-
betes (51) found an inverse association between the Mediter-
ranean diet and PAD, but an inverse association was not
statistically significant because of the low number of PAD cases
in a large European cohort (52). Importantly, the PREDIMED
(Primary Prevention of Cardiovascular Disease with a Mediter-
ranean Diet) randomized clinical trial (25) found that those
randomly assigned to the Mediterranean diet had a significantly
lower rate of incident PAD than those in the low-fat diet group.

This study has several limitations. Dietary intake was
assessed by using a self-report, 66-item FFQ, so there is
random and systematic measurement error in the exposure.
This error likely biased results toward the null and made
it more difficult to detect significant effects. However, the
validated FFQ was administered by trained interviewers
according to standardized procedures (28), and some ARIC
food groups or dietary patterns have been associated signifi-
cantly with other cardiovascular disease risk factors and
outcomes (32, 53, 54). Because there were only 66 items in this
instrument, energy intake is likely underestimated, so residual
confounding may explain some of the meat-PAD relation.
Additionally, dietary intake was measured in the late 1980s
and may not be representative of contemporary dietary intake.
For the outcome, ABI was measured only on a randomly se-
lected subset of the ARIC Study population at visits 3 and 4, so
some participants with asymptomatic PAD may have been
missed. Additionally, ABI was measured only on one randomly
selected leg, so some participants with unilateral PAD may

TABLE 5

Adjusted HRs (95% CIs) for quintiles of principal components analysis–derived diet patterns and risk of incident

peripheral arterial disease: the Atherosclerosis Risk in Communities Study (1987–2012)

Events, n Study participants, n Model 11 Model 22

Western diet pattern

1 281 2813 1 (referent) 1 (referent)

2 288 2814 1.00 (0.84, 1.18) 1.03 (0.87, 1.22)

3 323 2813 1.11 (0.93, 1.33) 1.14 (0.96, 1.37)

4 328 2814 1.13 (0.93, 1.38) 1.16 (0.95, 1.42)

5 344 2813 1.15 (0.89, 1.48) 1.23 (0.95, 1.59)

P-trend 0.148 0.070

Healthy diet pattern

1 337 2813 1 (referent) 1 (referent)

2 315 2814 1.01 (0.87, 1.19) 1.13 (0.96, 1.33)

3 310 2813 1.03 (0.87, 1.21) 1.20 (1.02, 1.42)

4 318 2814 1.07 (0.91, 1.26) 1.32 (1.11, 1.56)

5 284 2813 0.95 (0.80, 1.12) 1.19 (1.00, 1.42)

P-trend 0.783 0.011

1Adjusted for age, sex, race/ethnicity, field center, education, height, and energy intake.
2 Adjusted as for model 1 plus for physical activity, baseline smoking status, and pack-years.
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have been misclassified (29). Information on ABI is also
available only during the first 9 y of the follow-up period, and
thereafter incident cases were identified only through hospital
surveillance. The use of administrative data, such as hospi-
talization data, to identify PAD cases is known to have high
specificity but low sensitivity (55). Thus, we likely under-
ascertained PAD cases. A large number of statistical tests were
performed in this study, so it is possible that the meat-PAD
relation is due to chance, although associations were found
between meat subgroups and PAD. Additionally, residual
confounding may have remained despite our attempts at ad-
justment. This study also has several strengths, including its
longitudinal design, enrollment of .14,000 black and white
men and women, the large number of PAD cases, standard-
ized method of data collection, comprehensive assessment of
potential confounding factors, and 20 y of follow-up.

Overall, this study found that greater meat intake was as-
sociated with greater risk of incident PAD, whereas low al-
cohol intake and coffee consumption were associated with a
lower risk of incident PAD. It is not clear whether these as-
sociations are causal. Public health strategies are needed to
help Americans choose foods that promote cardiovascular
health.
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