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Abstract

Background: Consuming a wider variety of nutrient-dense foods may promote adherence to healthful dietary patterns,
leading to improved dietary quality and enhanced metabolic health.

Objective: We used the US Healthy Food Diversity (HFD) index to simultaneously measure dietary variety, quality, and
proportionality, hypothesizing a priori that race/ethnicity may moderate associations between diet and health.
Methods: A representative sample of adults (n = 7470) aged 20+ y with two 24-h recalls and complete outcome data from
the cross-sectional NHANES 2003-2006 were selected. US HFD values were generated using a previously validated
equation with a theoretical range from 0 to nearly 1, with higher scores indicative of more varied diets with a higher
proportion of healthful food groups. Metabolic syndrome (MetS) was defined using the most recent harmonized definition.
Survey-weighted multivariable linear and logistic regression, adjusted for demographic factors, smoking, energy, screen
time, and leisure activity, were used to compute means and ORs (95% Cls).

Results: Adults in the third vs. first US HFD tertile had 21% lower odds of MetS [OR (95% Cl): 0.79 (0.64, 0.98)] as well as lower
odds of hypertension [0.83 (0.70, 0.995] and elevated waist circumference [0.75 (0.66, 0.86] after multivariable adjustment (Ptrend <
0.05). The age- and sex-adjusted odds of low serum HDL cholesterol and impaired fasting plasma glucose (Ptrend < 0.05) were
lower in the highest vs. lowest US HFD tertile but attenuated with multivariable adjustment (P= 0.06 and 0.22, respectively). Notably,
the US HFD index was only protective against adiposity among non-Hispanic white (NHW) and non-Hispanic black (NHB) adults, and
MetS associations were driven by NHW adults. No associations were observed among Hispanic adults for any MetS components.
Conclusions: Greater healthful food variety was associated with lower odds of MetS and some MetS components in the total
population, NHW adults, and NHB adults. This study provides preliminary evidence that healthful food diversity may protect

against MetS and highlights the need for longitudinal and experimental research.

J Nutr 2015;145:564-71.

Keywords:

and racial disparities, metabolic syndrome components

dietary variety, dietary diversity, healthy food diversity, healthy variety, metabolic syndrome, health

Introduction

Cardiovascular disease (CVD)” is the leading cause of mortality
worldwide (1). A key intermediate risk factor for CVD is
metabolic syndrome (MetS), which is defined as a clustering of
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anthropometric and biochemical aberrations including abdom-
inal obesity, impaired fasting glucose, lipid dysregulation, and
hypertension (2). Because of the adverse effects of insulin resistance
and inflammation on CVD pathophysiology (3-5), adults with
MetS are twice as likely to develop CVD within the next 5-10 y
compared with those without these perturbations (2, 3).
Although dietary changes can positively modify metabolic
markers, it is difficult for most people to develop and sustain
healthful dietary patterns (6), particularly given that transformations
in food environments have expanded access to inexpensive, energy-
dense foods (7-10). As a result, if lifestyle interventions to prevent
and manage metabolic risk factors are going to be efficacious, they
must consider novel strategies to induce changes in food choice.
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Theories of consumer behavior applied to public health may
provide promising insights for innovative strategies to promote
healthful diets. For example, people exhibit innate preferences
for having access to a variety of options across a number of
domains, including food choice (11-14). Existing research
paradigms have focused on the negative repercussions of dietary
variety on energy intake and body weight (15, 16) because
variety within energy-dense foods may contribute to overeating
and obesity (17, 18). Less attention has been devoted to
harnessing people’s innate preference for variety to increase
consumption of nutrient-dense foods and displace intake of
energy-dense foods (19). Because increasing variety within
nutrient-dense foods aligns with consumer preferences, it may
be an easier long-term strategy to sustain a healthful diet and to
help reduce adiposity and cardio-metabolic health.

For example, greater variety of fruits and vegetables may
increase the quantity consumed (20, 21), which in turn has been
shown to favorably influence type 2 diabetes (22) and CVD risk
(23, 24). Greater total dietary variety has been favorably
associated with MetS and its components in non-US populations
(25-27). However, research has not adequately explored associ-
ations between total dietary variety and metabolic health in
the United States, within the context of the food availability and
preferences in this country. Moreover, until recently, no dietary
variety index has measured variety within all foods while
simultaneously considering quality and consumption amounts.
Therefore, to more comprehensively evaluate the associations
between dietary variety and health, we previously developed the
US Healthy Food Diversity (HFD) index to simultaneously
measure dietary variety, dietary quality, and proportionality (28).

In the present study, we applied this index to examine the
associations between dietary variety, MetS, and its components in
a nationally representative, cross-sectional sample of US adults.
Because research also suggests that race/ethnicity may moderate
the associations between dietary quality and components of MetS
potentially because of sociobehavioral, metabolic, or genetic vari-
ation (29, 30), a secondary aim was to investigate the associations
between dietary variety and MetS stratified by race/ethnicity.

Methods

Population and data collection. The NHANES is a continuous
multistage, national health survey administered by the National Center
for Health Statistics (31). Detailed information about the survey, laboratory,
and examination procedures has been previously published (31-33). During
each 2-y sampling cycle, a representative sample of ~10,000 noninstitu-
tionalized individuals is interviewed and examined about demographic,
dietary, and health-related information (34). In these analyses, we used data
from the 2003-2006 NHANES and included adults aged =20 y with two
24-h dietary recalls, who were not pregnant or lactating, with self-reported
energy intake between 400 and 7000 kilocalories (kcal), and with complete
information on the outcome variables of interest (z = 3155 to 7188
depending on the outcome variable given sub-sampling methodology of
NHANES). Nearly 90% of participants reported dietary data deemed
complete and reliable by NHANES survey staff during the in-person and
telephone-administered 24-h recalls (35, 36).

Exposure variable. The US HFD index was developed based on a
validated algorithm (37) that was adapted for a US population and was
computed through use of the following equation:

US HFD index = (1 — Y's7) Xhv (1)

where s; = share of food item or food group i based on volume in the total
diet, hv = ) hfiXs;, and hf = health factors of food.

Details describing the development and validation of the index have
been previously published (28). Briefly, individual food files were merged

with the MyPyramid Equivalent (MPED) databases 2.0 and 3.0 to
disaggregate each individual food into its component parts (38). For
example, the MPED database separates whole milk into its proportions
of low-fat dairy and solid fat. Next, food shares (s;) by volume were
calculated by dividing individual food quantities by the total reported
intake for each individual. The health value (hv) of the diet was
calculated by multiplying each s; by predetermined food group health
weights and then summing the values. Health weights created for the 26
food groups and subgroups in the MPED database were informed by the
2000-kcal USDA dietary pattern in the 2010 Dietary Guidelines for
Americans (DGA) (39). Specifically, the recommended proportions of
each of the 26 food groups within the 2000-kcal USDA dietary pattern
were used to weight the healthfulness of each food group (Supplemental
Table 1). The US HFD index has a theoretical range between 0 and
nearly 1, with higher scores reflecting diet patterns with greater variety
and a higher proportion of DGA-recommended food groups.

Outcome variables and covariates. Waist circumference (WC) and
blood pressure were measured in the mobile examination center. Waist
circumference was measured by trained personnel to the nearest 0.1 cm
at the highest point of iliac crest at minimal respiration. After resting
quietly in a seated position for 5 min, blood pressure was measured and
the mean of up to 4 measurements was used to calculate mean systolic
blood pressure (SBP) and diastolic blood pressure (DBP). Serum HDL
cholesterol concentrations were assessed after precipitation of other
lipoproteins with use of a heparin-manganese chloride mixture. Serum
TG concentrations were determined from an enzymatic reaction
hydrolyzing TGs to glycerol, and plasma glucose concentrations were
assessed with use of an enzymatic reaction with hexokinase. Fasting
plasma glucose and serum TG measurements were only available in a
subset of participants who were invited to participate in the morning
fasting subsample.

We used the most recent harmonized definition of MetS from the
International Diabetes Federation, AHA, and other organizations to
define the presence of MetS (2), and participants with at least 3 of the 5
risk criteria were identified as having MetS. Risk criteria included the
following: 1) elevated WC (=88 cm in women or =102 c¢m in men); 2)
fasting plasma glucose =100 mg/dL or treatment of hyperglycemia; 3)
SBP =130 mm Hg or DBP =85 mm Hg or use of antihypertensive
medication; 4) serum TGs >150 mg/dL or treatment of dyslipidemia; or
5) serum HDL cholesterol <50 mg/dL in women or <40 mg/dL in men or
treatment of dyslipidemia. Information about medication usage, race/
ethnicity, physical activity, screen time, smoking status, household
income, and educational attainment was self-reported.

Statistical analysis. Descriptive statistics were generated for the sample
across US HFD index tertiles and are presented as either means = SEs for
continuous variables or as percentages for categorical variables. Serum
TG values were log-transformed to restore a normal distribution and
are presented as back-transformed geometric means with a 95% CL
Individual anthropometric and MetS markers are presented as age- and
sex-adjusted mean values. A postcontrast linear trend test with Wald’s
F test was used to determine the P for linear trend.

Age- and sex-adjusted and multivariable-adjusted logistic regression
analyses were used to generate ORs and 95% CIs to examine the
associations between the US HFD index (exposure) and the odds of
MetS and its individual components (outcomes). To be consistent with
common terminology, we use the term OR to denote “prevalence OR.”
We tested for the presence of interactions using an a priori P < 0.05 to
determine significance. In exploratory analyses, we stratified by race and
present the results with the caveat of reduced power.

The continuous US HFD index was divided into tertiles and race-
specific tertiles. The final multivariable regression model adjusted for
age, sex, income, education, race, smoking status, minutes of moderate
and vigorous physical activity per month, hours per day of screen time
(i.e., computer and television use), and energy intake, with “race”
excluded when stratifying by such. P for linear trend was determined by
examining the median US HFD index value for each tertile and assessing
the overall F test for the median US HFD index variable. All analyses
were conducted with SAS v. 9.4 (SAS Institute) and used cluster, strata,
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and 2-d dietary or fasting survey weights per NHANES analytic
guidelines to account for the multistage survey design (32).
Associations between the US HFD index and the 3 MetS components
collected only on the subsample (fasting plasma glucose, serum TGs, and
serum HDL cholesterol) were examined with use of the fasting survey
weights as directed by NHANES protocol, which reduced the sample size
for those analyses. However, because these weights may exclude individ-
uals who met diagnostic criteria for metabolic dysregulation through
medication use, but were not invited for the morning fasting sample, we
also examined these associations using a hybrid survey weight (i.e., a
combination of the fasting survey weights and 2-d dietary weights). By
using a hybrid survey weight, it was possible to retain individuals who met
diagnostic criteria based on abnormal laboratory values or through
medication use and compute estimates representative of US adults. Both
sets of estimates are presented for comparison purposes in the tables.

Results

Population characteristics. The US HFD index ranged from
0.03 to 0.68 in both sexes, and mean US HFD index values
differed by race across tertiles (P-interaction = 0.007). The mean
and range of values were 0.37 (0.06-0.68) among non-Hispanic
white (NHW) participants, 0.36 (0.12-0.60) among Hispanic
participants, and 0.33 (0.03-0.57) among non-Hispanic black
(NHB) participants. In the total population, adults in the third
vs. first US HFD index tertile were older and more likely to be
female, NHW, and have higher educational attainment (P-trend <
0.0001) and household income (P-trend = 0.03) (Table 1).
Conversely, the percentage of NHB adults was lower in the third
vs. first tertile (P < 0.01), and there was no significant trend
among Hispanic adults (P = 0.30). Across increasing tertiles,
participants had lower mean values of fasting plasma glucose,
SBP, DBP, and WC, and fewer hours/day of television and
computer use, as well as lower smoking prevalence (P < 0.05).

US HFD index and MetS and its components. The odds of
elevated WC in tertile 3 vs. tertile 1 of the US HFD index were at
least 25% lower in both the age- and sex-adjusted model and
multivariable model (P-trend < 0.0001) (Table 2). The odds of
having low serum HDL cholesterol in the third vs. first tertile were
also nearly 20% lower in the age- and sex-adjusted model but
were attenuated after multivariable adjustment [0.83 (0.68, 1.01),
P-trend = 0.06]. The odds of hypertension [0.83 (0.70, 0.995),
P-trend < 0.05], particularly systolic hypertension [0.79 (0.65,
0.96), P-trend = 0.02], were lower across US HFD index tertiles in
multivariable-adjusted models. Although there was a protective
association between US HFD index and the odds of impaired
fasting plasma glucose in the age- and sex-adjusted model with use
of hybrid survey weights [0.83 (0.68, 1.00), P-trend < 0.05], this
association did not retain significance after multivariable adjust-
ment. No associations were observed for elevated serum TGs.

US HFD index, MetS, and its components: race/ethnicity
variations. The odds of elevated WC were lower among both
NHW and NHB adults in the third vs. first tertile after multivariable
adjustment (P-trend < 0.05) (Table 3). Among NHW participants,
adults in the third vs. first tertile of the index had 24% lower odds
of having low serum HDL cholesterol and 27% lower odds of
elevated SBP [0.73 (0.54, 0.97)]. Among NHB participants, adults
in the third vs. first tertile had lower odds of hypertension (P-trend =
0.008) and elevated DBP [0.60 (0.45, 0.80)] after multivariable
adjustment. No associations were observed among Hispanic adults
between the US HFD index and any MetS components.

In the total population, MetS odds were 20% lower in tertile
3 vs. tertile 1 in both the age- and sex-adjusted model [0.78 (0.64,
0.95)] and the multivariable-adjusted model [0.79 (0.64, 0.98),
P-trend = 0.03] (Figure 1). Among NHW participants, adults in

TABLE 1 Descriptive characteristics of 7470 NHANES 2003-2006 participants by tertile of the US HFD index’

n  Tertile 1: 0.03-0.33 (n = 2490) Tertile 2: >0.33-0.39 (n = 2490) Tertile 3: >0.39-0.68 (n = 2490) B = SE P

Age, y 7470 446 + 0.40 475 =070 50.0 = 0.70 — <0.0001?
Female, % 3684 30.3 33.3 36.3 — <0.00012
Race, %

NHW 4010 27.8 319 403 — <0.0001?

NHB 1544 49.0 319 19.2 — <0.00012

Hispanic 1642 31.2 375 31.2 — 0.30%
Some college or more, % 3582 30.7 33.0 36.3 — <0.0001?
Current smokers, % 1652 46.1 304 235 — <0.00012
Household income >$75,000, % 1563 31.7 330 35.3 — 0.032
MVPA,® min/mo 7470 824 + 52.1 906 + 439 903 + 337 — 0.22?
Screen time,* h/d 7470 319 + 0.06 3.02 = 0.06 297 + 006 — 0.03
MetS markers®

Fasting plasma glucose, mg/dL 3179 105 = 0.90 104 =117 102 = 0.92 —183 £ 787 0.03

Serum HDL cholesterol, mg/dL 3163 53.5 = 0.42 54.4 + 0.48 54.1 = 0.52 384 + 402 0.35

SBP, mm Hg 7137 126 = 0.50 126 = 0.62 125 * 0.56 —9.38 = 264 0.001

DBP, mm Hg 7137 914 + 073 90.6 = 0.84 89.8 + 0.65 —757 =281 0.01

Serum TGs,® mg/dL 3155 124 (118, 129) 124 (119, 129) 120 (116, 127) —0.20 = 0.16 0.21

Waist circumference, cm 7188 99.6 = 0.54 98.7 = 0.39 97.0 = 0.54 —142 * 365 0.0005

" All analyses incorporate appropriate cluster, strata, and survey weights. Categorical variables are presented as percentages and continuous variables are presented as means *
SEs. The theoretical range of the US HFD index is between 0 and nearly 1 with higher values indicative of more healthful, varied dietary patterns. DBP, diastolic blood pressure;
HFD, Healthy Food Diversity; MetS, metabolic syndrome; MVPA, moderate-to-vigorous physical activity; NHB, non-Hispanic black; NHW, non-Hispanic white; SBP, systolic blood

pressure.
2 P value for trend.

¥ Among participants who reported engaging in moderate or vigorous leisure activity over the past 30 d, the individual activities they performed, the frequency of those activities,
and their duration was queried and summed to generate the number of minutes per month engaged in moderate and vigorous activity.

“Hours per day of screen time equals the hours per day of TV and computer use.
5 Mean values are adjusted for age and sex.

8 Serum TG values were log transformed for analysis and are presented as adjusted geometric mean for back-transformed values; 95% Cls in parentheses (all such values).
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TABLE 2 Odds of MetS and its components across tertiles of the US HFD index among men and

women'
Tertile 1: 0.03-0.33 Tertile 2: >0.33-0.39 Tertile 3: >0.39-0.68
n (n = 2490) (n = 2490) (n =2490) P-trend

Elevated waist circumference 3984

Age- and sex-adjusted 1.0 0.86 (0.73, 1.01) 0.74 (0.65, 0.85) <0.0001

Multivariable-adjusted? 1.0 0.86 (0.71, 1.04) 0.75 (0.66, 0.86) <0.0001
Impaired fasting plasma glucose 1416

Age- and sex-adjusted 1.0 1.00 (0.82, 1.22) 0.87 (0.70, 1.07) 0.17

Age- and sex-adjusted® 2003 1.0 1.02 (0.83, 1.25) 0.83 (0.68, 1.00) 0.045

Multivariable-adjusted? 1.0 1.01(0.82, 1.23) 0.90 (0.72, 1.11) 0.31

MuI’[ivariable—adjusted3 1.0 1.06 (0.86, 1.30) 0.89 (0.72, 1.09) 0.22
Low serum HDL cholesterol 2783

Age- and sex-adjusted 1.0 0.91(0.76, 1.11) 0.78 (0.64, 0.95) 0.01

MuI’[ivariable—adjusted2 1.0 0.97 (0.80, 1.18) 0.83 (0.68, 1.01) 0.06
Hypertension 4826

Age- and sex-adjusted 1.0 0.89 (0.75, 1.05) 0.84 (0.71, 0.99) 0.04

MuI’[ivariable—adjusted2 1.0 0.88 (0.73, 1.06) 0.83 (0.70, 0.995) <0.05
High SBP 2573

Age- and sex-adjusted 1.0 0.89 (0.77, 1.04) 0.74 (0.62, 0.88) 0.0009

MuI’[ivariable—adjusted2 1.0 0.92 (0.77, 1.09) 0.79 (0.65, 0.96) 0.02
High DBP 4319

Age- and sex-adjusted 1.0 0.92 (0.77, 1.10) 0.87 (0.75, 1.01) 0.07

MuI‘[ivariable—adjusted2 1.0 0.90 (0.74, 1.10) 0.86 (0.73, 1.01) 0.06
High serum TGs 1337

Age- and sex-adjusted 1.0 1.08 (0.89, 1.32) 1.02 (0.79, 1.33) 0.89

Age- and sex—adjusted3 2036 1.0 1.06 (0.86, 1.30) 1.04 (0.81, 1.33) 0.78

Multivariable-adjusted? 1.0 1.08 (0.86, 1.35) 1.01 (0.76, 1.34) 0.68

MuI‘[ivariable-adjusted3 1.0 1.07 (0.84, 1.35) 1.03 (0.78, 1.35) 0.87

"Values are ORs (95% Cls) unless otherwise indicated. DBP, diastolic blood pressure; HFD, Healthy Food Diversity; MetS, metabolic
syndrome; NHB, non-Hispanic black; NHW, non-Hispanic white; SBP, systolic blood pressure.

2 Adjusted for age, sex, race (NHW, NHB, Hispanic, other), education (less than college vs. some college or more), smoking, income
(<$75,000 vs. >$75,000), hours of screen time per day, minutes of moderate-to-vigorous activity per month, and energy intake. All

analyses incorporate appropriate cluster, strata, and survey weights.

3 |f participants met criteria for impaired fasting plasma glucose, abnormal serum TGs, or MetS through medication usage and did not
participate in the morning fasting sample, we created a hybrid weight using 2-d dietary weights for participants with medication data and
fasting weights for participants in the morning subsample to provide estimates representative of US adults.

the third vs. first tertile of the index had 23% lower odds of MetS
[0.77 (0.61, 0.96)]. No associations were observed between the
US HFD index and MetS among Hispanic or NHB adults.

Discussion

The objective of this study was to examine the associations between
healthful dietary variety and MetS and its components in a
representative national sample of US adults. The multidimensional
US HFD index used in this study uniquely captures dietary variety
while simultaneously considering the healthfulness of each food
and its consumption amount. Overall, this study supports the
premise that greater variety within DGA-recommended food
groups favorably influences MetS and some of its individual
components. Higher US HFD index values representing more
varied, healthful diets were associated with significantly lower
odds of elevated WC, hypertension, and MetS in multivariable-
adjusted models in the total population. The odds of impaired
fasting plasma glucose and low serum HDL cholesterol were
also significantly lower after age and sex adjustment, although
the results attenuated with further adjustment.

Favorable associations between other dietary variety mea-
sures and MetS and its components have been reported in
diverse populations (22, 25-27), although some studies con-

ducted on fruit and vegetables did not detect a benefit of variety
apart from quantity (23, 24). Baik et al. (26) reported a similar
strength of association between the top quintile of a healthy
high-variety diet score and MetS (RR = 0.76) as we report in
our study, although their score was created with use of factor
analysis. Our US HFD index was developed with use of validated
algorithms and included several DGA-recommended foods;
this standardization allows for it to be easily applied in other
populations for better comparison between studies. Azadbakht
et al. (25) found that higher dietary diversity scores among a
representative sample of Tehranian adults were associated with
nearly 30% lower odds of MetS and some MetS components.
The authors speculated that higher intakes of fruits, vegetables,
and calcium among those with higher diversity scores partly
explained the observed protective effects. Intake of low-fat dairy
(an important food source of calcium), fruits and vegetables, and
whole grains was also higher among adults with higher US HFD
index scores, suggesting that the underlying mechanisms that
confer protection may be similar between the 2 studies (28).
Calcium helps modulate blood pressure by regulating the
sympathetic nervous system, reducing vessel constriction, and
influencing sodium excretion (40). The matrix of nutrients
associated with high fruit and vegetable intake also assists
with blood pressure regulation and potentially other metabolic
markers (41, 42). Plant-based fibers, phytochemicals, and
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FIGURE 1 Odds of MetS across US HFD index tertiles by race/
ethnicity. All adults: n per tertile = 1497, 1516, 1507 (A); NHW adults:
n per tertile = 857, 803, 814 (B); NHB adults: n per tertile = 298, 294,
303 (C); and Hispanic adults: n per tertile = 323, 347, 323 (D). Analyses
were adjusted for age, sex, race (NHW, NHB, Hispanic, unless stratified
by such), education (less than college vs. some college or more),
smoking, income (<$75,000 vs. >$75,000), hours of screen time per
day, minutes of moderate-to-vigorous activity per month, and energy
intake. All analyses incorporate appropriate cluster, strata, and survey
weights. If participants met criteria for impaired fasting plasma
glucose, abnormal serum TGs, or MetS through medication usage and
did not participate in the morning fasting sample, we created a hybrid
weight using 2-d dietary weights for participants with medication data
and fasting weights for participants in the morning subsample to

antioxidants found in whole grains, fruits, and vegetables help
regulate blood glucose by reducing oxidative stress and insulin
resistance (43, 44). These food groups are also lower in energy
density and glycemic index, which may favorably influence
satiety (45, 46) and contribute to the protective results we
observed for excess adiposity (47) and fasting plasma glucose
(48). In sensitivity analyses, adding BMI to multivariable models
attenuated associations between greater healthful food variety
and MetS components, further supporting the role of adiposity
as a mediating factor.

Our analyses revealed that there may be differences by race/
ethnicity that warrant investigation in future research. Nota-
bly, the US HFD index was protective against excess adiposity
only among NHW and NHB adults, and the associations for
MetS appeared to be driven by NHW adults. Although the
absence of significant protection in NHB adults and Hispanics
could be related to reduced statistical power, protective associa-
tions for hypertension were observed among the smaller
subset of NHB adults, suggesting that genetic and/or socio-
behavioral factors may also contribute to this discrepancy (30,
49). Observing stronger protective associations between diet
quality and hypertension among NHB adults is consistent with
previous literature demonstrating that blood pressure among
NHB individuals is more responsive to the protective effects of
reduced salt, high potassium, and “Dietary Approaches to Stop
Hypertension Trial”—style dietary patterns (49). Because pro-
tective US HFD index scores can be achieved by implementing a
variety of healthful dietary patterns, it is possible that differen-
tial food selection contributed to the observed pattern of results.
Salt intake is also not captured directly with the US HFD index,
and diet patterns high in plant-based foods may still be high in
sodium, potentially attenuating blood pressure associations
across all races.

Importantly, no protective associations between higher US
HFD index scores and components of MetS were observed among
Hispanic adults. Although this finding is consistent with a study
among Guatemalan young adults (50), there may be heterogeneity
introduced by specific Hispanic ethnicity that may contribute to
variability in diet and lifestyle behaviors associated with the
etiology of MetS. Factors including length of residence in the
United States, varying cultural food traditions, healthcare service
utilization, and acculturation may markedly affect diet quality
(51). In an exploratory model (data not shown), incorporating
the number of years living in the United States as a covariate
strengthened protective associations between the US HFD index,
MetS, and its components among Hispanic adults. However,
the associations remained nonsignificant potentially because of
the large amount of missing data in this variable. We also
explored other variables associated with acculturation, how-
ever, none of these are considered reliable measures of this
construct (52) and did not substantively improve model fit.
Future research is needed to explore how acculturation,
ethnicity, sociobehavioral factors, and genetic variation modify
associations between dietary patterns and metabolic health
outcomes (29, 30).

provide estimates representative of US adults. Age- and sex-adjusted
and multivariable-adjusted analyses were also conducted with use of
NHANES recommended survey weights, and results were similar
between the 2 analyses. HFD, Healthy Food Diversity; MetS,
metabolic syndrome; NHB, non-Hispanic black; NHW, non-Hispanic
white.
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One limitation of this study was its cross-sectional design,
which prevents temporal inference between dietary intake and
metabolic health. Reduced statistical power also influenced
these analyses, particularly for fasting plasma glucose, serum
TGs, and MetS where reliance on fasting weights reduced the
sample size by more than half. When we used hybrid weights
that allowed for inclusion of individuals who met the criteria
for abnormalities in these categories through medication usage,
some results approached or attained significance, although these
analyses remained underpowered relative to some of the other
individual components. Thus, the results presented likely under-
estimate the beneficial effects of greater healthful food variety on
MetS and its components. Similarly, confounding introduced by
the inter-relations between the individual components of MetS
may have further attenuated the associations between the US
HFD index and MetS. Finally, the possibility of residual
confounding cannot be eliminated because higher US HFD index
scores were correlated with more healthful lifestyle characteris-
tics, which may have been imperfectly captured in these analyses.

Our study had a number of strengths worthy of mention. We
used a population-based, representative sample of US adults,
making these results generalizable to noninstitutionalized US
adults. Additionally, by using all available data through creation
of hybrid weights, we reduced the bias associated with eliminating
individuals from our analysis who met diagnostic criteria through
medication use rather than fasting criteria. Future research using
NHANES data could take advantage of all available data by using
hybrid weights. Because dietary data were collected with use of 24-
h dietary recalls rather than FFQs, we were able to explore diverse
cultural food patterns that were not constrained by pre-established
food lists. Anthropometric and biochemical data were all collected
by trained interviewers rather than self-reported, reducing the
amount of measurement error in these variables and increasing our
confidence in the observed associations.

More importantly, our study considered whether a wider assort-
ment of healthful foods potentially improves acceptance of more
healthful dietary patterns that protect against chronic disease. This
application of the US HFD index provides preliminary evidence that
dietary interventions that promote greater variety within DGA-
recommended food groups may support metabolic health in a more
sustainable manner. Future research should consider whether increas-
ing the variety of healthful foods available improves diet quality,
and more broadly, whether alternative strategies that modify our
local food environments can enhance cardiometabolic health.
Experimental studies are needed to examine whether aligning
food choice with innate consumer preferences for variety can be
favorably used to influence diet quality and health.
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