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The potential role of nutritional factors in the development of peripheral arterial disease (PAD) 

remains poorly understood. We evaluated multiple recommended eating patterns as reflected by 

predefined diet quality indices in relation to long-term risk of PAD. We included 138 506 U.S. 

postmenopausal women in the Women’s Health Initiative who had no known PAD at baseline 

(1993–1998). Four diet quality indices, including alternate Mediterranean diet index, alternate 

Healthy Eating Index (AHEI)-2010, Dietary Approaches to Stop Hypertension (DASH) diet 

index, and Healthy Eating Index-2015, were derived using dietary information collected by a 

validated food frequency questionnaire at baseline. Incident cases of symptomatic PAD in the 

lower extremities were ascertained and adjudicated through March 2019 via medical record 

review. During a median 18.6 years of follow-up, 1036 incident PAD cases were identified. 

After multivariable adjustment, all diet quality scores were significantly and inversely associated 

with 21% (for AHEI-2010) to 34% (for DASH index) lower risk of PAD when comparing the 

highest with the lowest quartiles (all P-for-trend values ≤0.010). Among contributing food groups 

and nutrients, intakes of legumes, dietary fiber, and vegetable protein were associated lower risk 

of PAD, while intakes of unprocessed red meat, processed meat, and regular soft drinks were 

associated with higher risk. In a broad sample of U.S. postmenopausal women, adhering to 

different recommended eating patterns is associated with lower risk of PAD. Our findings suggest 

that current clinical and public health strategies that recommend healthful eating patterns may also 

be applicable to PAD prevention.

Keywords

Dietary guidelines; Dietary pattern; Diet quality; Peripheral arterial disease; Women’s Health 
Initiative

Peripheral arterial disease (PAD) is an important atherosclerotic disorder that most 

commonly occurs in the lower extremities, with >230 million patients in 2015 globally.1 

It is estimated that 7.2% (~8.5 million) of U.S. adults aged 40 years or older are being 

affected by PAD, with a higher prevalence and larger number of patients in women than 

in men.2,3 Morbidity, mortality, and health economic costs caused by PAD are comparable 

to those by coronary heart disease and ischemic stroke,4,5 both of which have been closely 

related to lifestyle behaviors including dietary habits.6 However, only smoking and a few 

metabolic conditions (i.e., hypertension, dyslipidemia, and diabetes) have been well defined 

as risk factors for PAD,4,5 highlighting the need for identifying additional modifiable risk 

factors.

While clinical and public health guidelines recommend building a healthful eating pattern 

as an important approach for reducing risk of chronic diseases and improving health 

conditions,7,8 whether such dietary recommendations are also applicable to PAD prevention 

remains unknown. To this point, there are only a few prospective studies that have assessed 

dietary factors in relation to risk of PAD, and most have been focused on individual food 

groups or nutrients.9–12 Because foods or nutrients are consumed in a mixture of various 

dietary constituents where they often correlate and may interact with each other, ascertaining 

the health effect of a single dietary component is often difficult. Dietary pattern approaches 
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can take into account a broad picture of individual dietary components and, as such, the 

yielded findings may be more practical for nutritional recommendations.13

In the current study, we sought to examine several recommended eating patterns as 

reflected by different a priori diet quality indices for their relationships with risk of 

PAD in the Women’s Health Initiative (WHI),14,15 a nationwide cohort of diverse U.S. 

postmenopausal women. The selected diet quality indices included alternate Mediterranean 

diet (aMED) index, alternate Healthy Eating Index (AHEI)-2010, Dietary Approaches to 

Stop Hypertension (DASH) diet index, and Healthy Eating Index (HEI)-2015. Because 

higher scores of these diet quality indices have been widely associated with lower 

cardiometabolic risk,16,17 we hypothesized inverse relationships between these dietary 

indices and risk of PAD.

METHODS

Study Design and Participants

The data that support the findings of this study are available from the corresponding 

author upon reasonable request. Details of the WHI design and study participants have 

been reported elsewhere.14 Briefly, between 1993 and 1998, 161 808 postmenopausal 

women aged 50–79 years were recruited at 40 clinical centers throughout the United 

States. Menopausal status was confirmed according to self-reported age at which a 

woman last had any menstrual bleeding, self-reported history of hysterectomy or bilateral 

oophorectomy, and/or use of menopausal hormone therapy. Participants were either enrolled 

in an observational study or in one or more of clinical trials that evaluated the health effects 

of hormone replacement therapy (two trials), low-fat dietary modification, and/or calcium 

and vitamin D supplementation (Figure S1). At the end of the initial WHI study in 2005, the 

first (2005–2010) and the second (2010–2020) WHI Extension Studies continued follow-up 

of all women who consented. The study was approved by the institutional review boards of 

all participating institutions, and all participants provided written informed consent at initial 

enrollment and for the extension studies.

For the current analysis, we excluded 19 541 participants who were recruited in the active 

arm of the Dietary Modification Trial in which a low-fat, high vegetable and fruit dietary 

intervention was administered. We further excluded 2391 participants with self-reported 

PAD at baseline, 222 without information on dietary intake, and 608 participants missing 

follow-up information for incident PAD. The final analytic sample consisted of 138 506 

participants (Figure S1).

Dietary Assessment and Calculation of Diet Quality Scores

Information on dietary intake at baseline was collected using a self-administered, semi

quantitative food frequency questionnaire (FFQ).18 This instrument included 122 composite 

and single food line items, 19 adjustment questions, and 4 summary questions for 

participants to denote their habitual diets over the past 3 months. The WHI-FFQ nutrient 

database was derived from Nutrition Data Systems for Research (the University of 

Minnesota Nutrition Coordinating Center) food and nutrient database.19 Previous validations 
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against dietary recalls and food records showed that the FFQ provided reliable estimates 

of dietary intake.18 Using the MyPyramid Equivalents Database, version 2.0,20 dietary data 

in units of MyPyramid equivalents were also constructed by translating frequency of food 

consumption into standardized food quantities.

Components of the diet quality indices included in our analysis and standards for scoring 

have been described in detail elsewhere21 and are summarized in Tables S1–S4, with 

higher scores indicating better diet quality. The 9-point aMED index was adapted to reflect 

adherence to the Mediterranean diet.22 The AHEI-2010 was established based on extensive 

epidemiologic findings linking foods and nutrients to chronic disease outcomes.23 The 

DASH index was developed to characterize the DASH diet,24 an eating pattern initially 

designed for clinical trials aiming at reducing blood pressure.24 Finally, the HEI-2015 

assesses the extent to which an individual’s diet aligns with the 2015–2020 Dietary 

Guidelines for Americans.25

Outcome Ascertainment

The outcome of interest in our analysis was incident symptomatic PAD at the lower 

extremities. Participants reported overnight hospitalizations and emergency room visits on 

medical update forms collected semiannually, and corresponding medical records were 

scrutinized for the potential outcome of interest.26 Locally and/or centrally trained physician 

adjudicators classified outcomes on the basis of medical record review. Potential cases of 

PAD at the lower extremities were confirmed by multiple procedures reported in Table S5. 

Most (94.2%) of the incident cases of PAD included in the current analysis were confirmed 

by one or both of the following procedures: 1) surgery, angioplasty, or thrombolysis for 

PAD; and 2) obstruction or ulcerated plaque (i.e., ≥ 50% of the diameter or ≥75% of the 

cross-sectional area) demonstrated on ultrasound or angiogram of the iliac arteries or below.

Assessment of Other Covariates

Information on demographic and socioeconomic characteristics, reproductive, medical and 

family histories, exogenous hormone use, smoking, and alcohol drinking was collected at 

baseline via self-report. Systolic and diastolic blood pressure, and height and weight were 

measured by trained staff using standard procedures.15 Body mass index was calculated 

as weight in kilograms divided by the square of height in meters (kg/m2). Recreational 

physical activity was measured using a specifically developed questionnaire and data were 

summarized in metabolic equivalent-hours/week.15 Information on previous diagnosis and 

treatment of hypertension, hyperlipidemia, or diabetes by a physician was collected via 

questionnaires. Participants were also instructed to bring prescription medication containers 

during the baseline screening interview. Hypertension was defined as systolic blood pressure 

≥140 mmHg, diastolic blood pressure ≥90 mmHg, a reported physician’s diagnosis, or 

use of antihypertensive mediations. Dyslipidemia was defined as a reported physician’s 

diagnosis or recorded statin use.

Statistical Analysis

Baseline characteristics of participants were described by quartile of each diet quality score. 

Age-adjusted Pearson partial correlations among the diet quality scores were calculated. 
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Cox proportional hazards models were used to estimate hazard ratios and 95% confidence 

intervals (CI) of PAD associated with the examined dietary factors. Each diet quality score 

was modeled both categorically by quartile and continuously in per standard deviation 

increment. Person-time of follow-up was counted from the date of enrollment through date 

of diagnosis of PAD, death or withdrawal from the study, or end of the most recent follow 

up (March 2019), whichever came first. P values for linear trend were computed by treating 

medians for each quartile of a dietary score as a continuous variable. Two Cox models 

were constructed to account for potential confounders. The first model was adjusted for 

age, race/ethnicity, education, annual family income, and study group. The full model was 

additionally adjusted for smoking status, pack-years of smoking, alcohol consumption (only 

for DASH index and HEI-2015), recreational physical activity, total energy intake, use of 

statins, hyperlipidemia, use of antihypertensive drugs, systolic and diastolic blood pressure, 

and diabetes. Potential nonlinear relationships between the diet quality scores and risk of 

PAD were examined using restricted cubic splines with 3 knots at the 10th, 50th, and 90th 

percentiles of the distribution.

The associations of the dietary scores with risk of PAD were stratified according to various 

participants’ demographic characteristics and other known risk factors and the potential 

interactions were assessed. To test the robustness of the findings, several sensitivity analyses 

were performed by excluding: 1) participants with implausible total energy intake (>5000 

or <600 kcal/day); 2) participants with self-reported coronary heart disease or stroke at 

baseline; 3) incident PAD cases that were identified within the first 5 years of follow-up; 

and 4) participants who were not diagnosed with PAD and died from a cardiovascular event 

during the study follow-up because cardiovascular deaths may have occurred competitively 

with PAD.

To better understand the proportion of incident cases of PAD in the study sample that may 

be attributed to different risk factors, we estimated population attributable fraction (PAF) 

for each lifestyle (low-quality diet, physical inactivity, and current smoking) and metabolic 

risk factors (diabetes, hypertension, and dyslipidemia) for PAD. On the basis of the fully 

adjusted Cox model (with mutual adjustment for these risk factors), PARs with 95% CIs 

were estimated using the punafcc post-estimate command in Stata.

We further explored associations of major food groups and nutrients or food components 

that contribute to the examined diet quality indices with risk of PAD. In these analyses, all 

individual dietary components (except for alcohol) were adjusted for total energy intake at 

2000 kcal/day.27 Statistical analyses were performed using Stata (version 15.1; StataCorp).

RESULTS

Participant Characteristics

Table 1 presents baseline characteristics of the study participants according to quartiles 

of the diet quality scores. Overall, higher scores of the 4 diet quality indices were 

associated with older age, higher levels of education and family income, and healthier 

lifestyle behaviors including nonsmoking, moderate alcohol drinking, and regular exercise. 

Participants with higher diet quality scores also were leaner, were less likely to have 
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prevalent hypertension, diabetes, or coronary heart disease or stroke, and were more likely 

to be in the observational study than the clinical trials. The 4 diet quality indices had 

moderate-to-strong correlations with each other, ranging from 0.54 between aMED index 

and HEI-2015 to 0.71 between DASH index and HEI-2015.

Diet Quality Indices and Incident PAD

During up to 25.1 years of follow-up (median: 18.6 years), 1036 cases of incident PAD were 

identified. With basic adjustment for age, race/ethnicity, education, family income, and study 

group, participants in the highest quartiles of the 4 diet quality scores were estimated to 

have 29% (for AHEI-2010) to 45% (for DASH index) significantly lower risk of PAD as 

compared with those in the lowest quartiles (all P-for-trend values <0.001) (Table 2).

All inverse associations between the diet quality scores and risk of PAD were attenuated 

only slightly and remained significant after further adjustment for other lifestyle behaviors, 

body mass index, and metabolic factors associated with PAD including blood pressure, 

dyslipidemia, and diabetes. The multivariable-adjusted hazard ratios comparing the highest 

with the lowest quartiles of the diet quality scores were 0.74 (95% CI: 0.61–0.91) for aMED 

index (P-trend = 0.010), 0.79 (95% CI: 0.65–0.95) for AHEI-2010 (P-trend <0.001), 0.66 

(95% CI: 0.55–0.80) for DASH index (P-trend <0.001), and 0.68 (95% CI: 0.56–0.82) 

for HEI-2015 (P-trend <0.001). Each 1-standard deviation increment in the diet quality 

scores was significantly associated with 10% (for aMED index) to 14% (for DASH index) 

lower risk of PAD (Table 2). There was no evidence for nonlinear associations between the 

examined diet quality scores and risk of PAD (all P values for nonlinearity ≥0.24)(Figure 

S2).

The inverse relationships between the examined diet quality scores and risk of PAD 

were broadly consistent across various subgroups defined by participants’ demographic 

characteristics and other known risk factors (Table S6). For specific dietary scores, there was 

suggestive evidence for stronger associations among participants aged 65 years or older or 

among participants without dyslipidemia than the associations in the corresponding opposite 

subgroups. However, these differences in the associations need to be treated with caution 

given the marginal significance of the P-for-interaction values (≥0.017) and the multiple 

sub-analyses performed. In a number of the aforementioned sensitivity analyses, the inverse 

associations of the diet quality scores with risk of PAD were similar to the associations in 

the whole study sample (Figure S3).

Population Attributable Fraction

For diet quality (reflected by the DASH score, which was most strongly associated with 

risk of PAD among the examined dietary scores) and other lifestyle and metabolic risk 

factors, we estimated PAFs after multivariable adjustment and mutual adjustment for each 

other. Assuming a causal relationship between the DASH diet and risk of PAD, 9.7% (95% 

CI: 3.3%−15.7%) of the incident PAD cases in the study sample could be prevented if 

participants whose DASH score was <25 (median) increased the score to 25 or above (Table 

3). Moving the threshold for low-quality diet to the 75th percentile of DASH score lead 

to a higher PAF (14.1%; 95% CI: 1.7%−25.0%). PAF for physical inactivity (9.7%) was 
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comparable with that for diet, while the highest PAF was observed for hypertension (36.5%), 

followed by PAFs for current smoking (18.0%), diabetes (12.4%) and dyslipidemia (8.4%) 

(Table 3). However, caution is need when interpreting the PAF estimates for diabetes and 

dyslipidemia because of the lack of blood glycemic or lipid traits that define the conditions 

based on clinical criteria.

Individual Dietary Components and Incident PAD

After full adjustment, as presented in Figure and Table S7, intakes of whole grains and 

legumes both were associated with lower risk of PAD, whereas intakes of unprocessed red 

meat, processed meat, and regular soft drinks were associated with higher risk (P-trend 

values across quartile ≤0.014). For several food groups (i.e., fruit, vegetables, nuts, and 

dairy), significantly lower risk of PAD was observed when comparing the third with the 

first quartiles of the intakes, but the overall trends of the associations were not significant 

(Table S7). No associations were observed for intakes of other foods or beverages including 

alcohol.

There were modest correlations (r: −0.22 between whole grains and unprocessed red meat 

to 0.12 between unprocessed red meat and processed meat) among the aforementioned 

5 food groups that were significantly associated with risk of PAD after multivariable 

adjustment. All except for whole grains (P-trend = 0.12 for whole grains and ≤0.033 for 

others) remained associated with risk of PAD after mutual adjustment for the other 4 food 

groups (Table S8).

With respect to dietary nutrients, intakes of dietary fiber (P-trend = 0.014) and vegetable 

protein (P-trend = 0.006) both were significantly and inversely associated with risk of 

PAD (Figure and Table S9). Correlation between the 2 nutrients was substantial (r = 0.76) 

and thus no mutual adjustment was made. Intakes of other nutrients such as sodium or 

polyunsaturated, saturated or trans fat were not associated with risk of PAD.

DISCUSSION

In this large prospective study of U.S. postmenopausal women, 4 a priori diet quality 

indices (i.e., aMED index, AHEI-2010, DASH index, and HEI-2015) were significantly and 

inversely associated with risk of PAD after adjustment for multiple potential confounders 

including known risk factors for PAD. As compared with participants in the lowest quartiles 

of the diet quality scores, those in the highest quartiles had 21% (for AHEI-2010) to 

34% (for DASH index) lower risk of PAD. Among components of these healthful eating 

patterns, intakes of legumes, dietary fiber, and vegetable protein were associated lower risk 

of PAD, while intakes of unprocessed red meat, processed meat, and regular soft drinks were 

associated with higher risk.

The diet quality indices examined in our study commonly emphasize greater intakes of 

nutrient- rich and plant-based foods (e.g., whole grains, fruit, and vegetables) and lower 

consumption of red and processed meat. Adherence to these healthful eating patterns has 

been widely associated with lower risk of major chronic diseases including atherosclerotic 

cardiovascular diseases.17,28 Nevertheless, the potential role of overall diet quality in the 
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development of PAD has not been well investigated in epidemiologic studies and the 

findings are inconsistent. In the U.S. Atherosclerosis Risk in Communities Study,9 no clear 

associations were found between data-derived dietary patterns and risk of PAD, but the 

results may be less interpretable than those for a priori dietary patterns. In addition, as 

compared with our study, there are several other notable differences for that study, such as 

the use of a FFQ covering a narrow range of dietary intakes (66 items), the inclusion of both 

sexes with younger age and higher proportion of black individuals, and the identification of 

PAD according to results of ABI tests.

A higher score of the Mediterranean diet29,30 or AHEI-201031 has been associated with 

lower odds of PAD in cross-sectional and case-control studies. In a prospective cohort 

study including Dutch individuals,12 a strong inverse association between the Mediterranean 

diet and risk of PAD was statistically non-significant after further adjustment for lifestyle 

confounders. On the other hand, in a dietary intervention trial conducted in Spain that 

included at-risk individuals,32 adoption of a Mediterranean diet combined with either nuts 

or extra-virgin olive oil substantially reduced risk of PAD by 50% and 66%, respectively, 

as compared with a low-fat diet. To the best of our knowledge, no previous studies have 

examined the longitudinal associations between DASH diet index, AHEI-2010, or HEI-2015 

and risk of PAD.

The associations between intakes of individual foods or nutrients and risk of PAD have 

been evaluated in some cross-sectional studies,33–36 while evidence from prospective studies 

has been more limited.9–11 Our findings of positive associations between unprocessed red 

meat and processed meat consumption and risk of PAD are in line with results from 

the Atherosclerosis Risk in Communities Study.9 In that study, however, there was an 

unexpected inverse association between sugar-sweetened beverage consumption and risk 

of PAD, while we observed a positive association between regular soft drinks and risk of 

PAD.9 Consistent with previous findings, the associations between intakes of several plant 

foods (e.g., fruit, vegetables, and nuts9,11) and risk of PAD were also not apparent in our 

study. Notably, the observed associations for these potentially beneficial plant foods were 

all inverse though statistically non-significant (Table S7). Thus, the combined intakes of all 

these plant-based foods, as reflected by higher scores of the assessed diet quality indices 

or by greater nutrient quality (e.g., high dietary fiber10), may still contribute to the inverse 

associations between the diet quality scores and risk of PAD observed in our study. We did 

not find any inverse association between moderate alcohol drinking and risk of PAD, which 

has been reported by some previous studies.9,37,38

Multiple biological mechanisms may underline the observed inverse associations between 

healthful eating patterns and risk of PAD. In addition to the potentially beneficial impacts 

on regulating known metabolic risk factors for PAD, such as reductions of diabetes risk 

and blood pressure and an improvement of lipid profiles,16 a healthful diet may decrease 

inflammation, oxidative stress, and endothelial dysfunction and thereby prevent or delay the 

progression of atherosclerosis.39,40
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Study Limitations

Several limitations of our study need to be acknowledged. First, dietary information was 

collected using a self-administered FFQ at baseline, and participants may have changed their 

dietary habits over the long period of follow-up. In prospective studies, misclassification of 

baseline exposure would likely to be non-differential and longitudinal changes in exposure 

would lead to regression dilution bias, both of which may attenuate rather than exaggerate 

the true risk estimates.41 Second, as dietary sodium was not a focal exposure for the primary 

aims of the WHI study, the WHI FFQ did not delineate all sources of dietary sodium and 

was unable to capture discretionary salt use. Thus, the observed lack of association between 

dietary sodium intake and risk of PAD should be treated with caution. Third, our study 

only included symptomatic PAD for which the incidence is much lower than asymptomatic 

PAD. Notwithstanding, both PAD types were previously found to be associated with 

similarly higher risk of mortality.42 Follow-up of asymptomatic PAD requires periodical 

reexamination of study participants and thus involves substantial time and expense. As such, 

it is more feasible for large cohort studies to focus on clinically symptomatic PAD.32,43 

Finally, PAD may be sex or race/ethnicity specific in terms of prevalence or progression.4,5 

Although we did not observe racial/ethnical differences in the associations between the 

diet quality scores and risk of PAD, the analyses for non-White participants were based 

on a relatively small number of PAD cases. Thus, future studies conducted in men and in 

other race/ethnicity or age groups are still required to confirm our findings for the general 

population.

PERSPECTIVES

In a large diverse sample of U.S. postmenopausal women, our findings showed that adhering 

to different recommended eating patterns is associated with lower risk of PAD. Thus, current 

clinical and public health strategies that recommend healthful eating patterns are potentially 

applicable to PAD prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New?

• The potential role of nutritional factors in the development of peripheral 

arterial disease (PAD) remains poorly understood.

• In a broad sample of U.S. postmenopausal women, adhering to various 

recommended eating patterns was found to be associated with significantly 

lower risk of PAD.

• Among individual foods/nutrients, intakes of legumes, dietary fiber, and 

vegetable protein were associated lower risk of PAD, while intakes of 

unprocessed red meat, processed meat, and regular soft drinks were 

associated with higher risk.

What Is Relevant?

• Our findings suggest that current clinical and public health strategies that 

recommend healthful eating patterns are potentially applicable to PAD 

prevention.

Summary

• Multiple healthful eating patterns are associated with lower risk of PAD and 

may be recommended for the primary prevention of PAD.
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Figure. Relationship between food groups or nutrients or food components and risk of 
peripheral arterial disease in the Women’s Health Initiative (n = 138 506).
Where appropriate, results were adjusted for covariates listed for model 2 of Table 2. P 

values are P for trend across quartiles of the intakes. MUFA indicates monounsaturated fatty 

acids; PUFA, polyunsaturated fatty acids; Q, quartile; and SFA, saturated fatty acids.
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Table 3.

Population attributable fractions (PAF) of lifestyle and metabolic risk factors for peripheral arterial disease in 

the Women’s Health Initiative (n = 138 506)

Risk factors Prevalence, % HR (95% CI) PAF (95% CI),%

Lower DASH score (below median or <25) 47.5 1.21 (1.06–1.38) 9.7 (3.3–15.7)

Physical inactivity (<7.5 MET-h/week)* 44.6 1.21 (1.06–1.39) 9.7 (3.5–15.5)

Smoking (current vs. never/former) 6.9 4.00 (3.24–4.94) 18.0 (16.7–19.2)

Diabetes† 5.7 3.35 (2.82–3.97) 12.4 (11.5–13.2)

Hypertension† 38.7 2.33 (2.04–2.66) 36.5 (32.7–40.1)

Dyslipidemia† 14.5 1.51 (1.30–1.75) 8.4 (5.9–10.8)

DASH, Dietary Approaches to Stop Hypertension; MET, metabolic equivalent.

Where appropriate, results were adjusted for all covariates listed for model 2 of Table 2 (as such, all listed lifestyle and metabolic risk factors were 
mutually adjusted for each other).

*
Recreational physical activity of 7.5 MET-h/week approximates moderate-to-vigorous physical activity of 150 min/week (the lowest level 

recommended by the Physical Activity Guidelines for Americans).

†
Definitions are as follows: diabetes was defined as a self-reported physician’s diagnosis; hypertension was defined as systolic blood pressure ≥140 

mmHg, diastolic blood pressure ≥90 mmHg, a self-reported physician’s diagnosis, or use of antihypertensive mediations; and dyslipidemia was 
defined as a self-reported physician’s diagnosis or use of statins.
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