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ExpLAINING RACIAL/ETHNIC DIETARY

PATTERNS IN RELATION TO TYPE 2 DIABETES:
AN ANALYsis oF NHANES 2007-2012

Objective: The purpose of this article is to
examine sociodemographic and health be-
havior factors associated with dietary intake
as measured by the healthy eating index
(HEI-2010) for persons with and without
diabetes (T2D).

Design: A secondary data analysis of three
NHANES data cycles spanning 2007-2012.
Muiltiple linear regression assessed racial/
ethnic differences in HEI-2010 scores in
those without T2D, with T2D, and with
undiagnosed T2D.

Participants: The sample included non-
pregnant adults aged >20 years who had
two days of reliable dietary recall data.

Outcome Measures: Total scores for the
HEI-2010.

Results: For those without T2D, there was
a significant association between race/
ethnicity and HEI score, with non-Hispanic
Blacks achieving significantly lower scores

than their non-Hispanic White counterparts.

Differences in HEI-2010 score were also
associated with age, sex, smoking status
and time spent in the United States. Racial/
ethnic differences in dietary patterns were
present, but not significant in those with
undiagnosed or diagnosed T2D.

Conclusions: Racial/ethnic disparities in
dietary patterns are present in individuals
without T2D, but differences are not statisti-
cally significant in those with undiagnosed
or diagnosed T2D. Non-Hispanic Blacks
without T2D received significantly lower
HEI-2010 scores than non-Hispanic Whites.
Further research is necessary to deter-

mine whether or not similarities in dietary
intake across racial/ethnic groups with
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INTRODUCTION

The incidence of type 2 diabetes
(T2D) is increasing, with nearly 1.7
million new cases of diabetes diag-
nosed among adults > 20 years of age
in 2012 in the United States." The rise
in prevalence of T2D nationally and
internationally has been accompanied
by increases in out-of-pocket health
care costs related to disease manage-
ment and treatments for complica-
tions for individuals, as well as increas-
es in health care costs for the nation.?
The Centers for Disease Control and
Prevention (CDC) report that while
7.6% of non-Hispanic Whites have
diabetes (NHW), ethnic minority
groups have significantly higher rates,
as 12.8% of Hispanic Americans
and 13.2% of non-Hispanic Blacks
(NHB) have the disease.? Given
that a healthy diet is associated with
a 20% reduced risk of development

of T2D, differences in dietary pat-
terns may partially explain the racial
disparities in T2D prevalence.? Previ-
ous research shows that NHB have
poorer diet quality than their NHW
and Hispanic counterparts. How-
ever, the diet quality of all Ameri-
cans continues to fall short of the
recommendations from the US De-
partment of Agriculture (USDA).>¢

Dietary recommendations from
the USDA for the general popula-
tion and medical nutrition therapy
(MNT) from the American Dia-
betes Association are very similar.’
MNT is recommended for all per-
sons with diabetes and pre-diabetes,
and includes methods for adapt-
ing a healthier diet and instructions
to increase physical activity” Re-
search suggests these dietary guide-
lines have led to reduced all-cause,
CVD-, and cancer-related deaths.®’

While lifestyle modifications are

T2D will be reflected in diabetes-related

health outcomes in this population. Ethn
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a cornerstone of treatment for T2D
and abnormal glucose metabolism,
reports on the diet patterns of per-
sons with T2D, as compared with
those without the disease, have pro-
duced conflicting results. The CDC’s
Morbidity and Mortality Weekly Re-
port stated that only 24% of National
Health Interview Survey participants
with pre-diabetes who received in-
structions to make lifestyle changes
were actively engaging in those be-
haviors."” However, another study

Research comparing
dietary intake patterns
of persons with and
without 12D across
racial and ethnic groups
is lacking in the United
States, and may provide
insight into the “diet-
related disparities” in
health outcomes observed
in ethnic minority

populations.”

using participants from National
Health and Nutrition Examination
Survey (NHANES) with pre-dia-
betes found that of those who had
been told to make healthier lifestyle
choices 70%- 82.5% were engaging
in healthier behaviors."" Finally, Nel-
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son et al found that most adults aged
<65 years with T2D had diets high in
saturated fat (>10% of total caloric
intake), and low in fruits and vegeta-
bles.'? None of these studies stratified
by race/ethnicity in their analyses.

Research comparing dietary in-
take patterns of persons with and
without T2D across racial and eth-
nic groups is lacking in the United
States, and may provide insight into
the “diet-related disparities” in health
outcomes observed in ethnic minor-
ity populations.”® Therefore, the aim
of our current study was to examine
dietary patterns across racial/ethnic
groups among people who self-re-
ported with and without T2D and
among those with undiagnosed dia-
betes. Data from NHANES were used
to describe and compare the dietary
patterns of NHW, Hispanic, and
NHB persons with and without self-
report T2D in reference to the sug-
gested guidelines set by the USDA,
as measured by the HEI-2010.

METHODS

The design and methods of
NHANES are well-documented."
Briefly, NHANES is a national sur-
vey conducted every two years us-
ing a complex multi-stage sampling
strategy of randomly selected homes
in 15 neighborhoods in the United
States. Since 2007, NHANES began
oversampling for NHB and all His-
panic subgroups, which, combined
with appropriate survey weights, can
produce estimates that are generaliz-
able to the non-institutionalized US
population >2 years of age."” Eligible
participants are asked to complete an
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in-home interview, a physical exam
at the Mobile Examination Center
(MEC), and two 24-hour dietary re-
calls (24HR). A randomly-selected
subgroup of participants is also asked
to provide a fasting blood sample.

Study Participants

This sample includes men and
non-pregnant women > 20 years of
age with reliable 24HR data from
three data collection cycles of the
NHANES spanning years 2007-
2012."° Diabetes status was deter-
mined by an affirmative response
to the question “Other than during
pregnancy, have you ever been told
by a doctor or health care professional
that you have diabetes or sugar diabe-
tes?” (n=1,708), including those with
type 1 and type 2 diabetes. Self-report
of diabetes has been shown to be a
valid and reliable measure of diabetes
status.'” Individuals who answered
that they had been told they have
“borderline” diabetes were also in-
cluded in the diabetes group, as they
should have also received MNT. Indi-
viduals were said to have undiagnosed
diabetes if they responded negatively
to the aforementioned question of
diabetes, but had laboratory values
indicative of diabetes (ie, hemoglo-
bin Alc26.5%, or fasting glucose
>126 mmol/dL) (n= 451). The final
sample included 11,668 participants.

Measures

All participants who completed
an in-person 24HR were contacted
for a second 24HR via telephone by
an NHANES staff member. The Au-
tomated Multi-Pass Method was used
for both 24HR collections, which re-
duces the possibility of misreporting



dietary intake due to recall difficulty
through the use of food models and
multiple probes.”” Data from the first
and second 24HR were processed
by the Food and Nutrient Database
for Dietary Studies and made avail-
able for public access through the
Food Pattern Equivalents Database
(FPED)." These dietary data are in
the form of measurement (cup, tea-
spoon, or count) equivalents, which
can be designated to fit into 37 food
categories that align with the My-
Pyramid Guidelines for Americans.

Assessment of Diet Quality

Diet quality, as measured by the
HEI-2010 score, was the dependent
variable in this analysis. The HEI-
2010 scores dietary intake from the
FPED, and is based on food densi-
ties or recommended quantities per
1,000 calories consumed, with higher
scores indicating closer adherence to
the recommendations.” The items
included in this score are total fruit,
whole fruit, total vegetables, greens
and beans, whole grains, dairy, to-
tal protein foods, seafood and plant
proteins, fatty acids, refined grains,
sodium, and empty calories. If re-
ported intake is lower than the maxi-
mum recommended values in the
refined grains, sodium, and empty
calories groups, a higher score is at-
tained. If the intake of total protein
foods group does not meet the rec-
ommended standard, beans and peas
are counted toward ‘total protein
foods’." The maximum score for each
food grouping is 10, with the excep-
tion of 20 for empty calories, and a
score of 100 indicates 100% adher-
ence to the MyPyramid guidelines.
The lowest possible score is zero.
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Variables

The main exposure variables exam-
ined in this analysis are race/ethnic-
ity and diabetes status. In NHANES,
race/ethnicity, age, education status,
and sex are self-reported. Race/ethnici-
ty was coded in NHANES 2007-2010
cycles as either NHW, NHB, Hispan-
ic, or Other or Mixed-Race. Due to the
heterogeneity of ethnic background of
the latter group, it was excluded from
the analysis, consistent with previous
NHANES research.'”? Although the
2011-2012 NHANES cycle further
classified individuals into NH Asian,
these participants were not included,
as they could not be combined with
previous cycles. Age was categorized
into three groups consistent with pre-
vious NHANES research (20-39, 40-
59, and >60). Education was dichot-
omized to having completed “some
college” or beyond, and “high school”
or less. Poverty index ratio (PIR) was
categorized into three levels, the low-
est of which is <1.3 (<130% above
the poverty threshold). Individuals
who reported smoking more than 100
cigarettes in their lifetime were further
categorized into either “current” or
“past” smokers; all others were con-
sidered “never” smokers. Participants
were asked how long they have lived
in the United States and this was re-
corded as a continuous variable. Time
in the United States was further cat-
egorized based on examples from pre-
vious research into <1 year, 1-4.99
years, 5-9.99 years, 10-19.99 years,
and 20 or more years, as compared
with those born in the United States.?

Statistical Analysis

Descriptive statistics were used to

examine characteris-

demographic
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tics of the sample. Survey procedures
were used to account for design effects
as a result of the complex sampling
method used in NHANES. Rao-Scott
Chi-square tests were used to detect
differences across race/ethnicity on
sample characteristics. Multivariable
linear regression with the Complex
Samples module in SPSS version 22
was used to estimate associations be-
tween the Total HEI Score and each
of the following variables: race/ethnic-
ity, age, sex, T2D status, education,
PIR, smoking status, marital status,
and time in the United States. A data-
based model-building approach was
used to create the final multivariable
regression model. Factors that changed
the estimate for the key variable race/
ethnicity by >10% were kept in the fi-
nal model.?! Diabetes status did not fit
the criteria for model building, but the
final regression model was stratified by
the three levels of diabetes status to test
racial/ethnic differences in HEI-2010
score by diabetes status level. Cycle of
NHANES did not fit the criteria for
model building when added as a co-
variate, and was not included in the
final model. As means for both days
of 24HR were used to create the to-
tal HEI Score, survey weights for the
second day of dietary recall were used
for all analyses, adjusted for the in-
clusion of three waves of NHANES.
A P value of <.01 was considered
significant due to the large sample
size and multiple tests performed.

RESULTS

Participants aged <20 years, who
did not complete the MEC exam, or
whose dietary data were deemed un-
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No T2D
Black — .
Hispanic S ——
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Undiagnosed T2D
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46 48 50 52 54 56 58

~0— Adjusted

-8— Unadjusted

Healthy Eating Index 99% CI

62 64 66

Figure 1. Unadjusted and adjusted mean HEI-2010 scores, and 99% ClI, for three levels of diabetes status, stratified by race/

ethnicity, accounting for complex survey design weights for three waves of NHANES.

HEI scores range from 0-100, with higher scores indicating greater adherence to dietary recommendations from the USDA. Means adjusted for the following covariates,
stratified by T2D status: Race/ethnicity, age, sex, education, PIR, smoking status, marital status, and time in the United States.

reliable by NHANES staff, were ex-
cluded (n=14,993; 49%). Consistent
with existing literature, we further ex-
cluded extreme total caloric intake val-
ues (those below 400 or above 7,000)
from this analysis (n=2,631; 17%).%

The mean age in years for this
sample of adults was 44.7 for NHB
participants, 49.0 for NHW par-
ticipants, and 40.8 for Hispanic par-
ticipants. Table 1 displays age and
other demographic characteristics
as percentage of total by category.
All demographic characteristics dif-
fered significantly by race/ethnicity.

The full adjusted model includ-
ed age, sex, marital status, educa-
tion, PIR, smoking status, and time

in the U.S. Using the data-based
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model building mentioned above,
when the variable for time spent in
the United States. was added to the
model, the association between race/
ethnicity and HEI-2010 score was
attenuated. Figure 1 presents mean
unadjusted and adjusted total HEI-
2010 scores stratified by race/ethnic-
ity and diabetes status. In the full,
adjusted model, NHW participants
without T2D scored significantly
higher than their NHB counterparts.
Overall, people with T2D scored
higher than those without, although
the significance of this difference was
not tested in this analysis. The mean
HEI score for individuals with T2D
was 57.7, and descriptive analysis of
the individual HEI components re-
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vealed deficits in most categories, ex-
cept total protein (data not shown).

Table 2 displays the results of the
multivariable regression model for
each T2D status group to demon-
strate the differences across predic-
tors of HEI 2010 score by the three
groups. For participants with undiag-
nosed T2D, the full, adjusted model
explained 30.3% of the variance in
HEI score (data not shown), but
only 9.2% and 15.8% of the vari-
ance for participants with and with-
out a diagnosis of T2D, respectively.

In participants with undiagnosed
T2D, HEI-2010 scores were nearly 4
points higher among females, those
aged >60 years (as compared with
aged 20-39 years), and those living in
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Table 1. Sample characteristics by race/ethnicity, %

All NHW NHB Hispanic P
N=11,668 n=6,048 n=2,658 n=2,962
Age years
20-39 35.8 32.0 40.5 52.6
<.001
40-59 38.9 39.7 39.8 343
260 25.2 28.3 19.7 13.1
Sex
Male 47.8 47.9 43.1 51.0 <.001
Female 52.2 52.1 56.9 49.0
Marital status
Married 62.5 65.6 41.5 64.6 <.001
Single/Other 37.5 34.5 58.5 35.4
Education
HS or below 40.3 35.2 47.9 61.9 <.001
>Some college 59.7 64.8 52.1 38.1
Poverty index ratio
<1.29 22.4 16.5 35.0 43.7
<.001
1.3-3.49 34.2 32.8 40.0 36.9
>3.5 43.4 50.7 25.0 19.3
Diabetes status
No diabetes 86.9 88.2 81.1 84.9 <.001
Undiagnosed 2.7 2.3 3.8 43 ’
T2D 10.3 9.5 15.2 10.8
HEI Total Score, mean (SD) 54.1 (.37) 54.6 (.49) 51.0 (.55) 54.0 (.43) <.001
Smoking status
Not at all 79.4 79.6 74.5 82.5 <.001
Some days 3.4 2.7 5.0 5.9
Every day 17.2 17.7 20.6 11.6
Years in US <.001
<5 1.5 7 1.1 5.8
5-19.9 5.4 1.1 3.9 30.5
>20 5.4 2.6 3.6 22.1
Born in US 87.7 95.6 91.3 41.6

NOTE: All results account for the complex sample design of NHANES using survey weights from the second day of 24HR recall.

No significant differences were present in sample characteristics between waves of NHANES data cycles (P=.973).

the United States >5 years since immi-
gration (P<.01). Of note are the large
coeficients comparing HEI scores of
those born in the United States with
those who had immigrated to the
United States 5 to 19.9 years, and
>20 years from the time they were
questioned, who have an average
HEI 2010 score that is 9.6 and 14.5
points higher than those born in the
United States. Race/ethnicity was not
a significant predictor of HEI Score
for those with undiagnosed T2D.

Significant predictors of higher
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HEI score in those with T2D in-
clude a moderate amount of time
since immigration (5 to >20 years),
as compared with being born in the
United States, never smoking, and
aged >60 years. No other signifi-
cant predictors of HEI-2010 score
were present in those with T2D.

Significant predictors of higher
HEI-2010 score in those without
T2D include aged =60 years, being
female, NHW race/ethnicity as com-
pared with NHB, completion of some
college or advanced degrees, a PIR of

>3.5, never smoking, and immigra-
tion to the United States >1 year ago
as compared with US born citizens.

DiscussioN

This analysis of three waves of
NHANES data collected over 2007-
2012 examined racial/ethnic differ-
ences in HEI-2010 score of adults by
diabetes status. Prevalence of diabetes
in this sample was 10.3% (n=1,708),
slightly lower than the estimated US
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prevalence reported by the CDC for
2012, which was 12.3% for adults.?
The main findings of our secondary
data analysis suggest that diet quality in
people with diabetes and undiagnosed
diabetes may not differ significantly
across racial/ethnic groups; however,
racial/ethnic disparities in diet qual-
ity are present in those without dia-
betes. Previous research indicates that
although Americans would rate their
diet quality as “good,” the diet qual-
ity of Americans is poor, suggesting
that there is a need for further inves-
tigation into the reasons behind this
lack of concordance between healthy
diet and perceived healthy diet.” The
mean HEI score for adults with dia-
betes was <60% of the maximum pos-
sible score. While there are many paths
to such a low score, it indicates defi-
cits in healthy food groups. This low
mean total score could also indicate
that adults are consuming sodium,
saturated fats, and empty calories in
excess. Further analysis of the compo-
nent scores of the HEI-2010 is war-
ranted, but is beyond the scope of this
article. Nutrition education by pri-
mary care providers and public health
outreach programs, as well as improve-
ments in food policy (by labeling so-
dium intake in restaurants, etc.) could
impact the dietary patterns of the
general population, and thus prevent
the development of chronic disease.

Previous research addressing di-
etary patterns of Americans using
the HEI-2010 scoring system suggest
that higher income and NHW race
are associated with greater adherence
to the USDA dietary guidelines.”
Compared with NHW, ethnic minor-
ity groups have lower total HEI scores
overall; however, in this study, when
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Table 2. Multivariable linear regression coefficients and SE of factors predicting
total HEI 2010 scores stratified by three levels of T2D status

No T2D Undiagnosed T2D Has T2D
n= 9,509 n= 451 n= 1,708

Intercept 63.21 (.8)° 57.59 (2.6)° 59.41 (1.7)°
Age years

20-39 -6.05 (.5) @ -12.24 (3.0)° -7.77 (1.9)2

40-59 -3.20 (.6)? -2.66 (1.8) -4.45 (1.5)°

>60 Ref Ref Ref
Sex

Male -2.63 (.4)? -4.27 (1.5) -.95 (.84)

Female Ref Ref Ref
Marital status

Married Ref Ref Ref

Single/other -.30 (.5) -.08 (2.1) -.08 (1.0)
Education

HS or below -4.34 (.5)? -2.19 (1.8) -2.73 (1.1)

Beyond Ref Ref Ref
PIR

<1.29 -3.15(.6)° -1.47 (2.0) -.96 (1.4)

1.3-3.49 -2.47 (.6)° 4.68 (2.1) 1.00 (1.4)

>3.5 Ref Ref Ref
Race/ethnicity

Hispanic -1.00 (.7) -4.98 (2.6) -1.52 (1.2)

NHB -2.22(.6)° -2.46 (1.6) -.004 (1.1)

NHW Ref Ref Ref
Smoking status

Current -7.25 (.5)? -2.96 (1.7) -4.43 (1.3)

Past -3.07 (1.2) 5.10 (3.8) -.51(1.9)

Never Ref Ref Ref
Years in US

<5 5.54 (1.4) 9.53 (5.8) 6.44 (2.9)

5-19.99 6.62 (.7)° 9.57 (3.3)¢ 11.14 (2.1)2

>20 4.83 (.7)° 14.49 (2.8)* 5.32 (1.2)°

US Born Ref Ref Ref
a P<.01.

Adjustment for NHANES cycle did not significantly change the associations in the full regression model.
Aggregated NHANES sample weight from the second day of recall for all three waves (2007-2012) were ap-
plied to account for day of the week of the 24HR, non-response, and unequal probability of selection.

PIR, Poverty index ratio; Ref, reference group.

further stratifying by diabetes status,
differences between NHW and NHB
were significant only in those without
diabetes. Results should be interpret-
ed with caution, as a lack of signifi-
cant racial/ethnic differences in HEI
scores in those with undiagnosed and
diagnosed T2D could be due to insuf-
ficient power. However, these results
are consistent with previous research
examining racial/ethnic disparities
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in persons with chronic disease.”

Indicators of socioeconomic sta-
tus (education and PIR) were also
significantly associated with HEI
2010 scores in those without diabe-
tes. Although socioeconomic and de-
mographic characteristics have been
shown to correlate highly with race/
ethnicity, this study showed that race/
ethnicity is uniquely contributing to
disparities in HEI-2010 score over



and above the impact of socioeco-
nomic and demographic factors.

Results from this analysis suggest
that racial/ethnic disparities in diet
quality, if present, are not captured
by the factors assessed in this study in
people with undiagnosed and diag-
nosed T2D. Other factors that were
not assessed in this analysis that are
associated both with race/ethnicity
and diet quality include body mass
index, proximity to healthy foods,
and geographic region. Given the
importance of diet quality in manag-
ing T2D, these findings indicate that
awareness of a diagnosis of T2D may
contribute to a reduction in racial/
ethnic disparities in dietary quality.

Limitations

There are some limitations of the
present analysis that must be noted.
Self-reported dietary information
from 24-hour recalls is often mis-
reported depending on a person’s
BMI, which was not included in this
analysis. 24HR also may not be the
best measure of “usual dietary in-
take”, as it does not capture normal
variations in diet from day to day.”
Research has shown that 4-6 24HR
are superior to one or two, as in
NHANES, to capture normal varia-
tions in dietary intake.” Addition-
ally, the HEI-2010 score may not
capture the essence of the specific
changes a person with T2D might
make in his or her diet after receiv-
ing nutritional counseling for a dia-
betes diagnosis, such as a decreases in
cholesterol and total caloric intake.

Finally, our research assumes all
persons with T2D or with impaired
glucose metabolism, as diagnosed by
a health care provider, have received
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at least some nutritional counseling.
NHANES provides limited access
to geographic data of participants,
which is important because neigh-
borhood factors such as access to
healthy foods has been shown to im-
pact diabetes self-care activities, in-
cluding dietary pattern.”® Other fac-
tors affecting diet quality that were
not measured, including psychoso-
cial factors, could have impacted re-
sults.

1he main findings of our
secondary data analysis
suggest that diet quality
in people with diabetes
and undiagnosed diabetes
may not differ significantly
across raciallethnic
groups; however, racial/
ethnic disparities in diet
quality are present in those

without diabetes.

Despite these limitations, the
strengths of this analysis must also
be noted. NHANES provides access
to a nationally representative sample
of individuals. The ability to com-
bine waves of NHANES increases
power to find associations that may
otherwise be difficult when stratify-
ing by race/ethnicity and diabetes
status, due to limitations of sample

size. Additionally, NHANES overs-
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amples for Hispanic and NHB
populations, increasing the gen-
eralizability of these findings to
those racial/ethnic minority groups.

CONCLUSIONS

Results of this secondary data
analysis found that HEI-2010 scores
differ by race/ethnicity only among
persons without diabetes, with NHB
having significantly lower total scores
than their NHW counterparts. This
racial/ethnic disparity in HEI-2010
score was not detected in those with
T2D or undiagnosed T2D, however
lack of sufficient power due to smaller
sample sizes may have prevented sig-
nificant findings. Future research on
this topic should include larger sam-
ple sizes in these groups, perhaps by
including more cycles of NHANES
in the analyses. As racial/ethnic mi-
nority groups achieve poorer diabe-
tes-related health outcomes than their
NHW counterparts, further research
is necessary to assess whether or not
the absence of racial/ethnic dispari-
ties in diet quality in persons with
T2D is reflected in diabetes-related
health outcomes in this population.
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