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Abstract

Objective—To examine whether changes in diet quality predict changes in central adiposity 

among post-menopausal women.

Methods—At baseline and 3-year follow-up, Women’s Health Initiative Observational Study 

participants completed food frequency questionnaires and waist circumference was measured 

(WC, n=67,175). In a subset, trunk fat was measured via Dual Energy X-ray Absorptiometry 

(DXA, n=4,254). Using multivariable linear regression, we examined 3-year changes in dietary 

patterns (Healthy Eating Index-2010, Alternate Healthy Eating Index-2010, Alternate 
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Mediterranean Diet [aMED], and Dietary Approaches to Stop Hypertension) as predictors of 

concurrent changes in WC and, secondarily, DXA.

Results—Mean (SD) age, and 3-year changes in weight and WC, were 63 (7) years, 0.52 (4.26) 

kilograms and 0.94 (6.65) cm. A 10% increase in any dietary pattern score, representing improved 

diet quality, was associated with 0.07–0.43 cm smaller increase in WC over 3 years (all p<0.05). 

After adjusting for weight change, associations attenuated to 0.02–0.10 cm, but remained 

statistically significant for all patterns except aMED. Results were similar for DXA trunk fat.

Conclusions—3-year improvements in diet quality are modestly protective against gain in WC 

and partially explained by less weight gain. Achieving and maintaining a healthful diet after 

menopause may protect against gains in central adiposity.

Introduction

While U.S. obesity prevalence has plateaued, waist circumference (WC) continues to 

increase: from 1999–2012, WC increased by 4 centimeters (cm) among women, with 

abdominal obesity prevalence (WC>88cm) reaching 65%.1 Most epidemiologic studies 

utilize body mass index (BMI); however, WC provides additional information. For example, 

elevated WC is associated with higher cardiovascular mortality even among normal-weight 

women and predicts insulin resistance and chronic disease better than BMI.2 Additionally, 

since fat and lean mass are lost at different rates during aging, change in WC may be a more 

sensitive indicator of fat gain than change in BMI or weight among middle-aged and older 

populations.3

Limited evidence suggests that adherence to a healthful dietary pattern may influence body 

fat distribution,4 raising the possibility that dietary modification could mitigate the 

increasing abdominal obesity prevalence and associated chronic diseases.5 In contrast to the 

study of single foods or nutrients, dietary patterns incorporate the combinations and 

quantities in which foods and nutrients are consumed and their synergistic and cumulative 

effects.6 Thus, public health messages may be more easily adopted by consumers when 

described by this composite measure of diet quality. Additionally, while most previous 

research assesses diet quality and WC at single time-points,7, 8 examining changes over time 

better addresses whether achieving or maintaining a healthful diet prevents increases in WC.

This study of ethnically diverse post-menopausal women examines whether changes in four 

healthful dietary patterns predict changes in WC over 3 years. Secondarily, we examine 

whether age or race/ethnicity modify associations, and whether changes in dietary patterns 

predict changes in dual energy X-ray absorptiometry (DXA) trunk fat mass.

Methods

Study population

The methods of the Women’s Health Initiative (WHI) are described elsewhere.9 From 1993–

1998, postmenopausal women 50–79 years old were recruited into overlapping clinical trials 

or an observational study (OS). Of the n= 93,676 women enrolled in the WHI-OS, the 

present analysis includes those with complete food frequency questionnaires (FFQs), 
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plausible energy intakes (>600 kcals/day-<5,000 kcals/day) and weight and WC 

measurements at both baseline and 3-year follow-up (n=67,378). To achieve normality and 

to limit the potential for residual confounding due to unmeasured changes in health status 

influencing both weight and diet, we excluded women with 3-year weight changes>20 

kilograms (kg), resulting in an analytic sample of 67,175 women. In sensitivity analyses, we 

retained women with large weight changes. Institutional review boards at participating 

institutions approved procedures and protocols. All participants provided written informed 

consent.

Anthropometric measurements

At baseline and 3-year follow-up, trained staff used a standardized protocol to measure 

weight to the nearest 0.1 kg using a balance beam scale, height to the nearest 0.1 cm using a 

wall-mounted stadiometer and WC to the nearest 0.1 cm during expiration at the narrowest 

section of the torso. BMI was calculated as weight in kg divided by height in meters squared 

(kg/m2). With use of standardized protocols, whole-body dual X-ray absorptiometry (DXA) 

scans were obtained for women in three pre-designated WHI centers (Birmingham, Tucson/

Phoenix, and Pittsburgh) using Hologic QDR scanners (QDR 2000, 2000+, or 4500W; 

Hologic, Inc., Waltham, MA). Scanner performance was monitored longitudinally using 

spine and whole-body phantom scans. Quality control procedures were implemented at the 

University of California, San Francisco Coordinating Center. In secondary analyses, we 

examined change in trunk fat mass among n=4,254 WHI-OS women with DXA at baseline 

and 3-year follow-up. This subset of women was comparable to our full sample with respect 

to baseline age (63 years), waist circumference (84 cm), diet quality (e.g., DASH score 23 

versus 24 points), and race/ethnicity (81% versus 86% non-Hispanic white).

Diet assessment

Diet was measured at baseline and 3-year follow-up using a self-administered food 

frequency questionnaire (FFQ) developed and validated for WHI.10 The FFQ captured foods 

relevant for multiethnic and geographically diverse populations, and produced reliable 

estimates of foods and nutrients comparable to those from four 24-hour dietary recalls and 

4-day food records.10 We used a nutrient database from the Nutrition Data Systems for 

Research (NDSR), v.2005 (Nutrition Coordinating Center, University of Minnesota).11 

MyPyramid equivalents were computed using the FFQ data with a customized link between 

NDSR and the MyPyramid Equivalents Database, v.2.0 (USDA).12 MyPyramid equivalents 

translate foods, as eaten, into standardized quantities: e.g., an equivalent is an amount 

considered nutritionally equal to 1 cup in the vegetable, fruit, and dairy components or 1 

ounce (28.35 g) in grains or protein foods.

We calculated four a priori dietary patterns previously associated with lower morbidity and 

mortality in WHI.13–15 These indices were : 1) the alternate Mediterranean Diet (aMED), 

reflecting a Mediterranean-style dietary pattern characterized by high consumption of 

minimally processed plant-based foods; olive oil as the principal source of fat; low-to-

moderate consumption of dairy products, fish, and poultry; low consumption of red meat; 

and low-to-moderate consumption of wine;16, 17 2) the Healthy Eating Index-2010 

(HEI-2010), created by the USDA and the National Cancer Institute to align with the 2010 
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Dietary Guidelines for Americans;18–20 3) the Alternate Healthy Eating Index-2010 

(AHEI-2010), which adapted the Dietary Guidelines to incorporate food components 

predictive of chronic disease, including greater intakes of vegetables and fruits, whole 

grains, nuts and legumes, long-chain omega-3 fatty acids, and polyunsaturated fatty acids; 

lower intake of sugar-sweetened beverages and fruit juice, red/processed meat, trans-fat, 

sodium; and moderate alcohol consumption;5 and 4) Dietary Approaches to Stop 

Hypertension (DASH) index, based on controlled-feeding studies21, 22 that administered 

diets rich in vegetables, fruits, and low-fat dairy products, inclusive of whole grains, poultry, 

fish, and nuts, low in saturated fat, red meat, sweets, and sugary beverages and reduced in 

sodium.23, 24 Further details on each score’s components and index/population-specific cut-

points are shown in Supplemental Table 1. For all dietary patterns, higher scores reflect 

higher quality diets.

Covariates

At baseline, women reported demographics, health behaviors, and medical histories. We 

categorized as follows: race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, 

other race/ethnicity, or missing [0.26%]); education (<GED, some college, college, 

postgraduate, or missing [0.74%]); and smoking (never, past, current, or missing [1.21%]). 

Women reported physical activity using the WHI brief physical activity inventory, which is 

reliable (weighted κ ranging from 0.67 to 0.71) and valid compared with accelerometers 

(r=0.73).25 We calculated metabolic equivalent (MET)-hours per week of recreational 

activity categorized into quintiles (0-<2, 2-<7, 7–13, >13–23, >23 MET-hours/week, or 

missing [0.97%]). Women reported use of hormone therapies (HT, unopposed estrogen 

and/or estrogen plus progesterone) via pills/patches, which we classified as never, past, 

current use or missing (1.84%).

Statistical analysis

We treated baseline dietary pattern scores categorically, in quartiles. To compare across 

scores, we examined 10% increments based on each score’s theoretical range: 3.2-points on 

DASH, 1-point in aMED, 11-points in AHEI-2010, and 10-points in HEI-2010. We 

calculated changes by subtracting values at enrollment from those at 3-year follow-up for 

WC in cm, weight in kg, and each dietary score. We treated 3-year changes in scores 

continuously, per 10% increment, and comparing women who increased or decreased by 

10% in a given score to women who maintained diet quality within 10% of baseline scores. 

We categorized women’s diet quality as 1) consistently low, scoring below the baseline 

median for a dietary pattern at both baseline and 3-year follow-up; 2) consistently high, 

scoring above the baseline median at both visits; 3) decreasing, moving from above to below 

the median; or 4) increasing, moving from below to above the median baseline score.

We calculated Pearson correlations between scores, and means, standard deviations (SD), 

and frequencies of demographic/lifestyle characteristics by quartiles of baseline scores. 

Using multivariable linear regression (covariates selected a priori), we examined 

associations of our main outcome (change in WC) with, first, baseline diet scores, and 

second, 3-year changes in diet scores. Models adjusted sequentially for baseline WC and age 

in years, then education, race/ethnicity, smoking, diabetes family history, postmenopausal 
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hormone therapy, daily energy intake, and physical activity, and, finally, for 3-year change in 

weight.

We hypothesized associations of dietary patterns with WC change would differ by age and 

race/ethnicity: younger WHI women gained the most weight,26 clinical studies suggest 

differences by age/ethnicity with respect to location of body fat depots,27 and there are 

differing patterns of consumption in the foods making up the dietary indices by race/

ethnicity.28 We tested interaction of our main exposure (10% changes in dietary scores) with 

race/ethnicity using likelihood ratio tests and age (>65/<65 years) using Wald χ2 tests.

We repeated change analyses with change in DXA trunk fat mass as the outcome among the 

subset of women with DXA, adjusting for covariates listed above and baseline trunk fat.

All analyses were conducted using SAS, version 9.3 (SAS Institute, Inc., Cary, North 

Carolina). All tests were 2-sided with statistical significance set at P<0.05.

Results

At baseline, the mean (SD) age was 63 (7) years, WC was 83 (13) cm and BMI was 27 (5) 

kg/m2. The median (range) for each dietary pattern score was 51 (16–93) for aHEI-2010; 24 

(8–38) for DASH; 68 (20–95) for HEI-2010; and 4 (0–9) for aMED (Table 1). From baseline 

to 3-year follow-up, changes in weight, WC and trunk fat were small at mean (SD) of 0.52 

(4) kilograms, 0.94 (7) cm, and 308 (2,177) grams, respectively. Univariate correlations 

between the four diet quality indices were statistically significant (P <0.001), ranging from 

ρ=0.54 (HEI-2010 and aMED) to 0.72 (HEI-2010 and DASH). Correlations among changes 

in diet scores (range ρ=0.37–0.55, P <0.001) followed a similar pattern.

Comparing women with the lowest quality baseline diets (first quartile of dietary pattern 

scores), women with higher quality diets (fourth quartile) were more likely to be physically 

active, current hormone therapy users and non-Hispanic white, less likely to be smokers, and 

were slightly older, with lower BMI and WC (Table 1).

Diet quality and 3-year changes in WC

Across indices, higher baseline diet quality had a protective association with subsequent 

increases in WC: each 10% higher score was associated with a 0.10–0.20 cm smaller 

increase in WC over 3-years (all p<0.05, Table 2). Associations of 3-year changes in diet 

scores were smaller in magnitude: each 10% increase from baseline to 3-year follow-up was 

associated with a 0.07–0.43 cm smaller increase in WC before adjusting for weight change 

(all p<0.05, Table 3). Compared to women who maintained dietary scores within 10%, 

women who increased by >10% had between 0.12cm (aMED) and 0.58cm (aHEI-2010) 

smaller gains WC, while women whose scores decreased >10% experienced between 0.10 

cm (aMED) and 0.71 cm (aHEI-2010) greater gains in WC. After adjusting for weight 

change, these associations were attenuated: only the association of decreases in diet quality 

and greater gains in WC was independent of weight change.

Figure 1 shows associations of diet quality changes from above to below the median score 

on each dietary pattern with concurrent changes in WC, with and without adjustment for 
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weight change. Consistently higher diet quality (scoring above the median score on any 

dietary pattern at both enrollment and 3-year follow-up) was associated with a 0.45–0.54 cm 

smaller gain in WC compared to consistently lower diet quality (all p<0.05), independent of 

weight change and regardless of the score examined. Before adjustment for weight change, 

improving diet quality (from below to above the median scores) was also associated with 

smaller increases in WC (0.26–0.35 cm) independent of weight change. Before adjustment 

for weight change, decreases in diet quality (from above to below the median) as measured 

by DASH and HEI-2010 were associated with greater increases in WC, while decreases in 

aMED and AHEI-2010 were not.

Predictors of change in DXA fat mass

Table 4 shows results for change in DXA trunk fat mass. Similar to WC, each 10% increase 

in diet scores from baseline to 3-year follow-up was associated with a 49–284 g smaller 

increase in trunk fat before adjusting for weight change, which attenuated after adjusting for 

weight change (Table 4). In categorical analyses, compared to maintaining dietary pattern 

scores within 10% of baseline values, women who increased by >10% had between 41g 

(aMED) and 607g (aHEI-2010) smaller gains trunk fat mass, while women who decreased 

>10% experienced between 145g (aMED) and 443g (aHEI-2010) greater gains in trunk fat 

mass. After adjusting for weight change, these associations attenuated.

Age differences

The association of change in diet quality with change in WC varied significantly by age at 

baseline; thus, in Table 5 we separate younger <65 years (mean [SD] age: 58 [4] years, 

n=36,300) and older post-menopausal women >65 years (mean [SD] age: 70 [4] years, 

n=30,875). While results were in the same direction but stronger among younger women, 

whose baseline scores were slightly lower (e.g., median baseline HEI-2010 score of 67 

versus 69) and whose changes in diet quality, weight and waist over the 3-year follow-up 

were slightly greater (e.g., median changes in HEI-2010 of 1.14 versus 0.54 points, in waist 

of 1.00 versus 0.50 cm, and in weight of 1.00 versus 0.10 kg), data not shown.

Sensitivity analyses including women with large changes in weight (>20kg over three years) 

yielded virtually identical results.

Discussion

Our results suggest that achieving and adhering to a healthful dietary pattern is one strategy 

to attenuate increases in overall and abdominal adiposity. In this study of 67,175 post-

menopausal women, higher diet quality and incremental improvements in diet quality were 

associated with smaller gains in WC and trunk fat even over a brief 3-year period, largely 

explained by smaller gains in weight. Results were consistent across racial/ethnic subgroups, 

but stronger among younger women.

Few studies are directly comparable, but our results are consistent with findings from the 

Nurses’ Health Study where improvements in aHEI-2010, DASH, or aMED scores were 

associated with less weight gain over 4 years, with stronger results among younger 

women.29 In our study, while incremental increases in diet quality were associated with 
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smaller gains in WC, results were stronger before weight change adjustment and among 

younger women. One explanation is that after menopause and during aging, body fat depots 

shift from peripheral to abdominal stores, total abdominal fat increases, and the ratio of 

subcutaneous to visceral fat declines.27, 30 Much of the weight gained among post-

menopausal women is likely at abdominal;31 thus, it is expected that much of the 

relationship of diet to waist change would be explained by weight change. Results were 

independent of weight change among younger but not among older women. In older women 

WC might not adequately capture the shifting ratio of subcutaneous to visceral fat (changes 

in WC and weight were smaller in older women). Another reason for weaker associations 

among older versus younger women could be higher baseline diet quality and smaller 

magnitude of change over 3 years.

While no prior study examined changes in diet quality and changes in central adiposity, the 

magnitude and direction of associations in our study were similar to those in prior studies 

using single measures of diet to predict later WC or WC change.32–34 With respect to DXA, 

small interventions find improvements in DASH scores are associated with decreases in fat 

mass independent of energy intake.35 In absolute terms, changes in WC in WHI-OS were 

small; yet, they may be clinically meaningful over longer follow-up given the strong, 

adverse associations of WC with risk of chronic disease. For example, in the Cardiovascular 

Health Study 3-year gains in WC>10 cm were associated with 70% higher diabetes risk.36 

Though only 5% of WHI-OS women gained >10cm over 3 years, a majority (56%) gained, 

and the average gain was 5 cm. This suggests improvements in diet quality might mitigate 

waist gain and thereby diabetes risk in a majority of post-menopausal women. Consistent 

with overall and central adiposity partially mediating the relationship of diet quality to 

diabetes, in a prior study we found adjustment for BMI and/or WC attenuated but did not 

eliminate the inverse associations of healthful dietary patterns with diabetes.13

Multiple healthful dietary patterns were associated with smaller gains in central adiposity. 

Prior literature focused on Mediterranean-style diets, which consistently predict smaller WC 

and smaller WC change.37 For example, the Prevención con dieta mediterránea trial showed 

a Mediterranean-style diet supplemented with olive oil or nuts reduced WC compared to a 

low fat diet.38 Few studies measure adherence to national guidelines, but in the Multi-Ethnic 

Study of Atherosclerosis, higher HEI-2005 scores predicted lower WC 18-months later.39 

Despite differences between these patterns, there is remarkable consistency in the 

characteristics of healthful diets. Noting this, the scientific report of the 2015 Dietary 

Guidelines for Americans Advisory Committee concluded that a “healthy dietary pattern is 

higher in vegetables, fruits, whole grains, low- or non-fat dairy, seafood, legumes, and nuts; 

moderate in alcohol (among adults); lower in red and processed meat; and low in sugar-

sweetened foods and drinks and refined grains.”40 Additionally, as there are multiple ways 

to achieve high scores on each index, strategies to improve diet quality may be tailored to 

individual tastes, preferences, or cultures. A 10-point increase in the AHEI-2010 can be 

achieved by eliminating sugar-sweetened beverages or reducing intake of red/processed 

meat to <2.5 ounces/day. This level of improvement is both realistic and beneficial: in our 

study, women who improved diet quality by moving from above to below the median 

AHEI-2010 score increased their scores on average by 10 points. This degree of 

improvement was associated with smaller increases in WC.
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Of note, we found that weaker associations of aMED with WC change than with other 

dietary patterns. This runs counter to evidence linking adherence to a Mediterranean-style 

diet to lower WC. One possibility is that the benefits of plant-source mono-unsaturated fat 

intake (e.g., olive oil, a signature component of Mediterranean diets) may be confounded by 

meat intake in this U.S. population. Thus, aMED represents a diet that includes both healthy 

and unhealthy habits. Alternatively, the narrower score range (0–9 versus 0–110 for 

AHEI-2010) may not distinguish diet quality as precisely or detect small improvements.

Strengths and Limitations

By examining changes in dietary indices and changes in WC and trunk fat independent of 

changes in weight, the current study provides evidence that central adiposity is an important 

mechanism through which dietary patterns reduce chronic disease risk. Most studies 

examine single measures of diet and adiposity, do not have DXA data, or examine 

Mediterranean-style diets only. Further, the size and ethnic diversity of WHI enhance 

precision and generalizability.

Among limitations, neither WC nor the available DXA data distinguished visceral fat. 

Future visceral fat assessment will be possible if new software is applied to existing DXA 

scans. An additional limitation is that random error in the assessment of diet or WC may be 

magnified when examining changes, potentially attenuating associations._ENREF_56 In this 

observational study, residual confounding is possible. However, whether women with 

extreme changes in weight were included or excluded results were identical, suggesting that 

unmeasured changes in health status or behavior related to both diet and body size/shape are 

not a major concern. Further, examining changes in diet quality and WC may mitigate 

confounding by personal characteristics that are constant over a 3-year period, e.g., health 

consciousness. Finally, the magnitude of change in WC and diet quality over a 3-year period 

is small, resulting in a narrow range of exposure and modest associations. Despite the small 

magnitude of change and the influence of measurement error, we still detected associations 

of changes in dietary indices with changes in WC over the short follow-up time examined.

Conclusion

Our findings suggest that achieving and maintaining high diet quality contributes to 

mitigating abdominal fat gain in post-menopausal women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study importance

• Even as overall obesity prevalence plateaus in the United States, 

abdominal obesity prevalence continues to increase.

• Healthful dietary patterns are associated with reduced risk of chronic 

disease, possibly through reductions in overall and central adiposity.

• Most prior research assesses diet at a single time-point; whether 

achieving a healthful diet can protect against the increases in central 

adiposity that accompany aging is unknown.

• Among a large, ethnically diverse group of postmenopausal women, 

our study finds that improved adherence to healthful dietary patterns 

predicts smaller gains in waist circumference; among younger women, 

this is independent of changes in weight.
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Figure 1. 
Three Year Changes in Diet Quality Scores and Changes in Waist Circumference: With and 

Without Adjustment for Changes in Weight1, 2
1 All models adjust for age at enrollment, baseline waist circumference, education, race/

ethnicity, smoking status, family history of diabetes, HRT status, total energy intake, and 

physical activity; where indicated (Figure 1B) models adjust for 3-year change in weight.
2 “Consistent high” indicates always being in the top two quartiles for diet quality, whereas 

“consistent low” indicates always being in the bottom two. “Low to high” is moving from 

one of the lower quartiles to one of the higher quartiles, whereas “high to low” is moving 

from one of the upper quartiles to one of the lower quartiles.

The median baseline value for each dietary pattern scores were as follows: AHEI-2010 (51); 

DASH (24); HEI-2010 (68); and aMED (4). The “n; median change” for the “consistent 

high” category was n=25,040; 1 point for AHEI-2010; n=23,013; 0 points for DASH; 

n=24,493; 1 point for HEI-2010 n=19,444; 0 points for aMED. These values for the “low to 

high” category were n=8,548; 11 points for AHEI-2010; n=23,013; 0 points for DASH; 

n=9,095; 11 points for HEI-2010 n=9,382; 2 points for aMED. For the “high to low” 

category the values were n=8,548; −10 points for AHEI-2010; n=8,196; −4 points for 

DASH; n=9,095; −9 points for HEI-2010 n=10,158; −2 points for aMED, and for the 

“consistent low” category the n=25039; 1 point for AHEI-2010; n=27,682; 0 points for 

DASH; n=24,492; 1 points for HEI-2010 n=28,191; 0 points for aMED.
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