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Dietary Intake Among US Adults, 1999-2012
Colin D. Rehm, PhD, MPH; José L. Peñalvo, PhD; Ashkan Afshin, MD, ScD; Dariush Mozaffarian, MD, DrPH

IMPORTANCE Most studies of US dietary trends have evaluated major macronutrients or only a
few dietary factors. Understanding trends in summary measures of diet quality for multiple
individual foods and nutrients, and the corresponding disparities among population subgroups,
is crucial to identify challenges and opportunities to improve dietary intake for all US adults.

OBJECTIVE To characterize trends in overall diet quality and multiple dietary components
related to major diseases among US adults, including by age, sex, race/ethnicity, education,
and income.

DESIGN, SETTING, AND PARTICIPANTS Repeated cross-sectional investigation using 24-hour
dietary recalls in nationally representative samples including 33 932 noninstitutionalized US
adults aged 20 years or older from 7 National Health and Nutrition Examination Survey
(NHANES) cycles (1999-2012). The sample size per cycle ranged from 4237 to 5762.

EXPOSURES Calendar year and population sociodemographic subgroups.

MAIN OUTCOMES AND MEASURES Survey-weighted, energy-adjusted mean consumption and
proportion meeting targets of the American Heart Association (AHA) 2020 continuous diet
scores, AHA score components (primary: total fruits and vegetables, whole grains, fish and
shellfish, sugar-sweetened beverages, and sodium; secondary: nuts, seeds, and legumes,
processed meat, and saturated fat), and other individual food groups and nutrients.

RESULTS Several overall dietary improvements were identified (P < .01 for trend for each). The
AHA primary diet score (maximum of 50 points) improved from 19.0 to 21.2 (an improvement
of 11.6%). The AHA secondary diet score (maximum of 80 points) improved from 35.1 to 38.5
(an improvement of 9.7%). Changes were attributable to increased consumption between
1999-2000 and 2011-2012 of whole grains (0.43 servings/d; 95% CI, 0.34-0.53 servings/d)
and nuts or seeds (0.25 servings/d; 95% CI, 0.18-0.34 servings/d) (fish and shellfish intake also
increased slightly) and to decreased consumption of sugar-sweetened beverages
(0.49 servings/d; 95% CI, 0.28-0.70 servings/d). No significant trend was observed for other
score components, including total fruits and vegetables, processed meat, saturated fat, or
sodium. The estimated percentage of US adults with poor diets (defined as <40% adherence
to the primary AHA diet score components) declined from 55.9% to 45.6%, whereas the
percentage with intermediate diets (defined as 40% to 79.9% adherence to the primary AHA
diet score components) increased from 43.5% to 52.9%. Other dietary trends included
increased consumption of whole fruit (0.15 servings/d; 95% CI, 0.05-0.26 servings/d) and
decreased consumption of 100% fruit juice (0.11 servings/d; 95% CI, 0.04-0.18 servings/d).
Disparities in diet quality were observed by race/ethnicity, education, and income level; for
example, the estimated percentage of non-Hispanic white adults with a poor diet significantly
declined (53.9% to 42.8%), whereas similar improvements were not observed for
non-Hispanic black or Mexican American adults. There was little evidence of reductions in
these disparities and some evidence of worsening by income level.

CONCLUSIONS AND RELEVANCE In nationally representative US surveys conducted between
1999 and 2012, several improvements in self-reported dietary habits were identified, with
additional findings suggesting persistent or worsening disparities based on race/ethnicity,
education level, and income level. These findings may inform discussions on emerging
successes, areas for greater attention, and corresponding opportunities to improve the diets
of individuals living in the United States.
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S uboptimal diet is among the leading causes of poor
health, particularly obesity, diabetes, cardiovascular
diseases, and diet-related cancers.1,2 In the United

States, dietary factors are estimated to account for more than
650 000 deaths per year and 14% of all disability-adjusted
life-years lost.1 Understanding trends in dietary habits is cru-
cial to inform priorities and policies to improve diets and
reduce diet-related illness. In addition, identifying how such
trends vary according to specific subgroups is essential to
evaluate prevalent, worsening, or potentially improving dis-
parities and inform corresponding interventions.

Most prior investigations on US dietary trends have
focused on a limited number of components, such as total
energy, broad macronutrients, summary diet measures, or a
few selected items (eg, consumption of sugary beverages,
added sugars, or meat).3-7 Therefore, the trends and corre-
sponding disparities across a full range of dietary factors
linked to major health outcomes, including both dietary pat-
terns and multiple individual foods and nutrients, are not
well established. In addition, investigations have generally
not evaluated relevant food subclasses, such as subtypes of
whole grains, fruits, and vegetables, which may uncover
important underlying trends in consumption.

To address these major knowledge gaps, data from 7
consecutive 2-year cycles of the National Health and Nutri-
tion Examination Survey (NHANES) between 1999-2012
were used to examine temporal trends in both overall
dietary patterns and individual foods and nutrients con-
sumed by US adults overall and by age, sex, race/ethnicity,
education level, and income level. To assess overall dietary
patterns, we used the American Heart Association (AHA)
2020 Strategic Impact Goals, which focus on actionable,
evidence-based priorities to improve cardiometabolic
health.8

Methods
Data Source, Study Population, and Dietary Assessment
This investigation used data from US adults aged 20 years or
older completing at least 1 valid 24-hour diet recall, as deter-
mined by National Center for Health Statistics (NCHS) crite-
ria, during 7 cycles of NHANES from 1999-2000 through
2011-2012. The average response rate during these cycles was
73.6% (range: 78.3% in 2001-2002 to 67.4% in 2011-2012). All
examined participants were eligible for dietary assessment,
consisting of 1 or 2 dietary recalls in which respondents
reported all foods and beverages consumed during the previ-
ous 24 hours (midnight to midnight).

The protocol and data collection methods are fully
documented.9 The NHANES interviewers and diet recall par-
ticipants were monitored with established criteria to evaluate
data acceptability. Dietary data from the first recall was used
for individuals with a single recall and 2-day means for those
with 2 recalls. Group means of either a single recall or mul-
tiple recalls provide unbiased estimates of population and
stratum means.10 Race/ethnicity was reported by participants
using categories provided by the NCHS. NHANES was

approved by the NCHS ethics review board, and all partici-
pants provided written informed consent.

AHA Diet Score
As a summary indicator, a diet score was constructed based
on the AHA 2020 Strategic Impact Goals for diet, which have
been associated with cardiovascular and metabolic outcomes
in multiple populations.11 The 5 primary dietary components
were total consumption of fruits and vegetables, fish and
shellfish, sodium, sugar-sweetened beverages, and whole
grains (eTable 1 in the Supplement). The 3 secondary dietary
components were nuts, seeds, and legumes; processed meat;
and saturated fat. To best assess changes, a new continuous
score was constructed by summing across all components
(the eText provides more details). Based on the AHA 2020
Goals, the proportions of US adults with a poor diet (defined
as a score of <20 [of 50 possible points] for the primary score
or <40% adherence), an intermediate diet (score of 20-39.9 or
40%-79.9% adherence), or an ideal diet (score of ≥40 or
≥80% adherence) were estimated.

Food Groups and Nutrients
In addition to the AHA 2020 Goals, we evaluated individual
foods and nutrients linked to major health outcomes as well
as those of current policy or general public interest (eTable 2
in the Supplement provides examples and serving sizes).12-21

The USDA Food Patterns Equivalents Database and the
MyPyramid Equivalents Database,22,23 which disaggregate
mixed foods into their component parts, were used to mea-
sure changes in consumption of particular food groups. Food
groups (eg, vegetables) were further disaggregated to eluci-
date within-category trends (eg, dark green vegetables vs po-
tatoes). Nutrients were derived from cycle-specific versions of
the USDA Food and Nutrient Database for Dietary Studies.24

Intake of all dietary components was energy-adjusted using
the residual method10 to evaluate trends independent of the
small declines in energy intake during this period,25 which
could relate to nondietary changes, such as physical activity,
and to minimize measurement error in dietary estimates.10

Population Subgroups
To evaluate key population subgroups, findings were strati-
fied by age group (20-34 years, 35-49 years, 50-64 years, ≥65
years), sex, race/ethnicity (non-Hispanic white, non-Hispanic
black, Mexican American), education level (<high school
graduate, high school graduate or general equivalency
diploma, some college, ≥college), and ratio of family income
to the federal poverty level (<1.30, 1.30-1.84, 1.85-2.99, and
≥3.00). Trends in diet for the other Hispanic and the other
race or mixed race group are not presented in the race/
ethnicity–stratified results due to their small sample sizes.
Race/ethnicity–specific results are presented for Mexican
American individuals as opposed to all Hispanic individuals
due to changes in participant sampling over time.

Statistical Analysis
The nationally representative population mean intake for di-
etary components in the AHA diet score and other individual
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foods and nutrients was estimated for each NHANES cycle.
To calculate the AHA diet score and also place the results
within the context of dietary recommendations, the propor-
tion of US adults meeting specific cut points for the compo-
nents of the AHA diet score was estimated. The proportion
meeting the guideline recommendations for other foods
and nutrients was estimated using the 2015 Dietary Guide-
lines for Americans and Dietary Reference Intakes.11,21,26,27

These analyses of proportions used the established National
Cancer Institute method to estimate the percentage of the
population at a specified cut point (details appear in the
Supplement).28-30

Because such methods are based not on stratum means but
on distributions of dietary intake above or below a certain
threshold, which are not comparable from single vs multiple
diet recalls, the analyses of proportions and corresponding AHA
diet scores were restricted to participants with 2 nonconsecu-
tive 24-hour recalls (2003 onward). To account for the NHANES
complex sampling design, first-day survey weights were used
for the analyses of individual foods and nutrients, and 2-day
survey weights were used for AHA diet scores.

The statistical significance of trends was assessed by treat-
ing survey year as a continuous variable in a survey-weighted
linear regression model. To assess statistical heterogeneity of
trends by subgroups, a survey-weighted Wald test was used
to test for an interaction term between year and categorical vari-
ables (age, sex, race/ethnicity) or ordinal variables (income
level, education level).

To assess whether observed trends were driven by
demographic shifts, sensitivity analyses were adjusted for
age and race/ethnicity within each cycle and statistically
significant trend coefficients were evaluated before and
after adjustment to quantify the percentage change in the
coefficient. Stata version 13.1 (StataCorp) and SAS version
9.3 (SAS Institute Inc) were used for all statistical analyses.
A 2-sided α level of .05 was used to assess significance. All
trends described as increasing, decreasing, or with similar
terminology were statistically significant (P < .05 for trend).
No adjustments were made for multiple comparisons.

Results
Among 33 932 US adults, the average response rate was 73.6%
(range: 78.3% in 2001-2002 to 67.4% in 2011-2012). This in-
cluded 11 721 with a single dietary recall and 22 211 with 2 re-
calls. Over time, the proportion of older adults increased and
the proportion of younger adults decreased (Table 1). The pro-
portion of non-Hispanic white individuals slightly declined
(70.6% in 1999-2000 to 66.6% in 2011-2012), whereas the per-
centage of some other races/ethnicities increased. Educa-
tional attainment also increased, with the proportion of adults
having a college degree increasing from 21.7% in 1999-2000
to 31.0% in 2011-2012.

Trends in Diet
Trends for the AHA diet scores and other key foods and
nutrients appear in Table 2, Figure 1, and Table 3. Diets

improved overall based on the evaluation of both the pri-
mary and secondary AHA score. The mean primary AHA
score increased from 19.0 in 2003-2004 to 21.2 in 2011-2012
(an improvement of 11.6%) and the mean secondary AHA
score increased from 35.1 in 2003-2004 to 38.5 in 2011-2012
(an improvement of 9.7%). Based on the primary score, the
estimated proportion of US adults with poor dietary quality
(<40% adherence or <20 points) changed from 55.9% (95%
CI, 51.5%-60.2%) in 2003-2004 to 45.6% (95% CI, 41.6%-
49.7% in 2011-2012; P < .001 for trend); intermediate (40%-
79.9% adherence or 20-39.9 points) from 43.5% (95% CI,
39.3%-47.8%) to 52.9% (95% CI, 48.9%-56.8%; P < .001 for
trend); and ideal (≥80% adherence or ≥40 points) from 0.7%
(95% CI, 0.5%-1.0%) to 1.5% (95% CI, 0.9%-2.4%; P = .003
for trend) (Table 3 and eFigure 1 in the Supplement).

Among the individual components of the diet score, the
largest changes were found in consumption of sugar-
sweetened beverages (between 1999-2000 and 2011-2012,
−0.49 servings/d; 95% CI, −0.70 to −0.28 servings/d); whole
grains (0.43 servings/d; 95% CI, 0.34 to 0.53 servings/d); and
nuts, seeds, and legumes (0.26 servings/d; 95% CI, 0.18 to 0.34
servings/d). Intake of total fruits and vegetables did not sig-
nificantly change. Intake of processed meat, saturated fat, and
sodium also did not significantly change; however, consump-
tion of fish and shellfish slightly increased.

Among subcomponents of these food groups (Table 2
and eFigures 2-4 in the Supplement), consumption of whole
fruit increased by 0.15 servings/d (95% CI, 0.05 to 0.26 serv-
ings/d), whereas it decreased by 0.11 servings/d (95% CI,
0.04 to 0.18 servings/d) for 100% fruit juice. Consumption
of white potatoes decreased by 0.07 servings/d (95% CI,
0.02 to 0.11 servings/d). After excluding starchy vegetables
(eg, potatoes, corn, and peas), there was no significant
change in vegetable consumption (0.10 servings/d; 95% CI,
−0.02 to 0.23 servings/d). Declines in sugar-sweetened bev-
erages were largely due to decreased intake of soda and, to a
lesser extent, fruit drinks (eFigure 4). Intake of presweet-
ened iced tea did not significantly change, whereas intake of
sports and energy drinks increased.

In addition, legume consumption did not significantly
change, whereas increases in nuts or seeds were attributable
to increased consumption of tree nuts or seeds (0.16
servings/d; 95% CI, 0.12-0.20 servings/d) and peanut butter
(0.06 servings/d; 95% CI, 0.04-0.09 servings/d). Increases in
consumption of whole grains were largely driven by
increases in whole-grain bread (0.24 servings/d; 95% CI,
0.19-0.29 servings/d) and other whole-grain foods such as
pasta and crackers (0.11 servings/d; 95% CI, 0.09-0.13
servings/d).

Among foods and nutrients not included in the AHA diet
score (eTable 3 in the Supplement), unprocessed red meat con-
sumption was stable, whereas poultry slightly increased. Total
dairy was stable, but with heterogeneity by subclass: milk de-
creased by 0.19 servings/d (95% CI, 0.11-0.28 servings/d),
whereas cheese increased by 0.15 (95% CI, 0.09-0.20
servings/d) as well as yogurt by 0.03 servings/d (95% CI, 0.01-
0.04 servings/d). Intake of added sugars decreased by 4.4 tsp/d
(95% CI, 2.9-6.0 tsp/d).
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Intake of polyunsaturated fat increased by 1.1% of energy
(95% CI, 0.9%-1.3% of energy), whereas monounsaturated fat
intake declined by 1.5% of energy (95% CI, 0.4%-2.7% of en-
ergy). Protein intake increased by 0.5% of energy (95% CI,
0.2%-0.8% of energy), whereas carbohydrate intake de-
creased by 1.6% of energy (95% CI, 0.7%-2.5% of energy). There
was no significant trend for intake of seafood omega-3 fat; how-
ever, intake of plant omega-3 fat increased by 23.4 mg/d (95%
CI, 18.4-28.3 mg/d). Increased intake was also observed for di-
etary fiber (2.5 g/d; 95% CI, 1.7-3.3 g/d) and calcium (158 mg/d;
95% CI, 123-193 mg/d). Similar to sodium, intake of potas-
sium varied modestly during these years but was relatively un-
changed overall comparing 1999-2000 with 2011-2012.

Estimated Proportions of US Adults Meeting Recommendations
Trends in the estimated proportion of US adults meeting rec-
ommended cut points for foods and nutrients also were

evaluated (Figure 2). No significant change was observed for
the estimated percentage of US adults consuming the recom-
mended amounts of total fruits and vegetables, processed
meat, or sodium. Significant increases were observed for US
adults meeting the recommended cut points for whole
grains; fish and shellfish; sugar-sweetened beverages; nuts,
seeds, and legumes; and saturated fat. The proportion of
adults meeting the recommended intake for added sugars
and fiber also increased.

Sensitivity Analyses Adjusting for Demographic Changes
The findings for most dietary components were not materi-
ally altered by adjustment for changes in age and racial/
ethnic composition over time (eTable 4 in the Supplement).
One exception was fish and shellfish, in which the observed
increased intake was partly attenuated (by 24%) after account-
ing for demographic changes. For a few foods, the observed

Figure 1. Changes in Mean Consumption Among US Adults of Dietary Components Based on NHANES Data
From 1999-2000 to 2011-2012
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AHA secondary dietary components

Other dietary components

Whole grains
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Data markers indicate the percentage
change in average population dietary
intake from 1999-2000 to 2011-2012
and the error bars represent the
corresponding 95% CIs. In some
cases, the 95% CIs may overlap with
zero even though the P value for
trend is statistically significant
because the 95% CIs are based on
only 1999-2000 vs 2011-2012 data,
whereas the P values for trend are
based on all observed data across 7
National Health and Nutrition
Examination Survey (NHANES)
cycles. The x-axis scale shown in blue
indicates the range of the percent
change from −30% to 30%. The
analyses are based on
energy-adjusted values to 2000
kcal/d using the residual method.
AHA indicates the American Heart
Association.
a The P values are across the 7
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vitamin D data were not available
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trends were strengthened after adjustment for demographic
changes; examples include total dairy (increase of 38.1%) and
cheese (increase of 17.5%).

Disparities in Trends According to Population Subgroups
Trends for the AHA diet scores by age, sex, race/ethnicity, edu-
cation level, and income level appear in eTable 5 in the Supple-

ment. Significant increases were observed among all ages and
both sexes, but with persistent comparative differences by age,
with older ages having healthier diets. By race/ethnicity, di-
etary improvements were most notable among non-Hispanic
white adults (P < .001 for trend), with more modest improve-
ments among non-Hispanic black adults (P = .05 for trend) and
no significant change among Mexican American adults (P = .30

Figure 2. Trends in the Proportion of US Adults Meeting Dietary Recommendations Based on NHANES Data From 1999 to 2012
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Vegetables

Primary AHA Dietary Components Secondary AHA Dietary Components

Dietary 
recommendation

≥4.5 
servings/d

.88P value for trend,
1999-2000 to
2011-2012d

  

≥3 
servings/d

<.05

≥2 3.5-oz 
[100 g]
servings/wk

<.05

<3 12-fl oz
servings/wk

<.001

<2300 mg/db

.13

≥4 
servings/wkc

<.001

<2 50-g 
servings/wk

.42  

<7% of
energy

<.01

Dietary 
recommendatione

≥2 
servings/wk

P value for trend,
1999-2000 to
2011-2012d

<.001  

≥1 
servings/d

<.001

<4
servings/d

<.001

≥5
servings/wk

<.001

<2 3.5-oz
servings/wk

<.01

<10%
of energy

<.001

≥250
mg/d

<.001  

≥28 g/d

<.001

≥3500
mg/d

.95  

<10% of
energy

.07  

Whole
Grains

Fish and
Shellfish

Sugar-
Sweetened
Beverages

Sodium Nuts, Seeds,
and Legumes

Processed
Meat

Saturated
Fat

Potassium Saturated
Fat

Other key nutrients of interestB

a a a

a

The analyses are based on energy-adjusted values to 2000 kcal/d using the re-
sidual method. The error bars represent the corresponding 95% CIs. AHA indicates
the American Heart Association; NHANES, National Health and Nutrition Examina-
tion Survey.
a The 1999-2002 estimates could not be reliably imputed using the National

Cancer Institute method (details appear in the Supplement).

b The recommendation is based on the 2015 Dietary Guidelines for Americans
due to too few individuals meeting the AHA target of 1500 mg/d.

c Serving sizes are 1-oz equivalent for nuts and seeds and ½ c for legumes.
d The P values are across the 3 pooled NHANES cycles (1999-2002,

2003-2008, and 2009-2012).
e Based on the Dietary Guidelines for Americans Dietary Reference Values,

the Global Burden of Diseases Study, and other alternative cutoffs.
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for trend). Even though diet scores tended to improve across
all income and education levels, disparities present in earlier
years widened over time (ie, smaller overall improvements were
seen in those with lower levels of family income [P = .03 for in-
teraction] and lower education levels [P = .03 for interaction]).

In the evaluation of the estimated proportions of US adults
with poor, intermediate, or ideal diet scores, improvements were
seen in each population subgroup, but with differences in dis-
parities over time (Table 4 and eTable 6 in the Supplement). For
example, among 20- to 34-year-olds, the proportion with in-
termediate diets (40%-79.9% adherence or 20-39.9 points) in-
creased from 29.2% in 2003-2004 to 42.9% in 2011-2012. Among
adults aged 65 years or older, the corresponding change was
63.6% to 68.4%, reflecting smaller relative improvements but
still higher diet scores in 2011-2012. Similar findings were seen
by sex, race/ethnicity, and education level. In contrast, dispari-
ties by income worsened over time (P = .046 for interaction),
with larger relative and absolute improvements among US adults
with higher vs lower levels of income.

Trends in individual food groups and nutrients by age,
sex, race/ethnicity, education level, and income level appear
in eTables 7-11 and eFigures 5-6 in the Supplement. Among
the individual components of the diet scores, certain dispari-
ties in trends over time were identified. For instance,
increases in nuts and seeds were highly dependent on educa-
tion (P < .001 for interaction); among those with less than a
high school education, there was no significant change,
whereas among those with a higher level of education, there
were progressively larger increases. These disparities were
also present by income level (eTable 11). Trends in consump-
tion of whole fruit and 100% fruit juice varied by income
level (P < .05 for interaction for each). The largest increases
in intake of whole fruit and declines in 100% fruit juice were
found among those with higher incomes.

For many other foods and nutrients, trends over time were
generally similar by age, race/ethnicity, education level, and
income level, including for total vegetables, whole grains, un-
processed red meat, and milk (eTables 7-11 in the Supple-
ment). For total vegetables, whole grains, unprocessed red
meat, and milk, consumption remained higher over time
among adults with higher vs lower socioeconomic status and
among non-Hispanic white adults vs non-Hispanic black or
Mexican American adults.

For other components, heterogeneity in trends was ob-
served. Refined grain consumption decreased by 0.33 servings/d
among non-Hispanic white adults and by 0.28 servings/d among
non-Hispanic black adults, but increased by 0.76 servings/d
among Mexican American adults (P < .001 for interaction;
eFigures 5-6 and eTable 9 in the Supplement). Sodium intake
did not significantly change among non-Hispanic white adults,
but increased among non-Hispanic black adults and especially
Mexican American adults (P = .01 for interaction). Seafood
omega-3 fat consumption did not significantly change among
non-HispanicwhiteandMexicanAmericanadults,butdecreased
among non-Hispanic black adults (P < .001 for interaction). In-
take of white potatoes decreased among non-Hispanic white and
Mexican American adults, but increased among non-Hispanic
black adults (P = .002 for interaction).

Discussion

Based on nationally representative self-reported dietary data
collected between 1999-2000 and 2011-2012, many aspects of
the US diet improved. Evaluating a summary AHA continu-
ous diet score, the mean score improved by 11.6%, the esti-
mated proportion of US adults with poor quality diets de-
creased from 55.9% to 45.6%, and the proportion with
intermediate quality diets increased from 43.5% to 52.9%. The
percentage with ideal diets increased but remained low (0.7%
to 1.5%). For the primary AHA diet score, these changes were
largely attributable to increased consumption of whole grains
and declining consumption of sugar-sweetened beverages. For
the secondary AHA diet score, further improvements were at-
tributable to increased intake of nuts, seeds, and legumes (due
to increases in nuts and seeds but not legumes). No signifi-
cant change was observed for consumption of total fruits and
vegetables, processed meat, or sodium.

Other noteworthy changes included increased consump-
tion of whole fruit and yogurt and decreased consumption of
white potatoes, refined grains, and 100% fruit juice. Consis-
tent with these trends, US adults increased intake of dietary
fiber, calcium, protein, total polyunsaturated fat, and plant
omega-3 fat, while reducing intake of added sugars and total
carbohydrate. In comparison, changes in consumption of un-
processed red meat and legumes were not evident. To the best
of our knowledge, these findings represent the most compre-
hensive evaluation of contemporary trends in multiple rel-
evant dietary habits among US adults.

Despite observed improvements, small percentages of the
sample of US adults reported attaining recommended levels
of most dietary components according to AHA 2020 or the US
Dietary Guidelines. For example, by 2011-2012, only 7.9% re-
ported consuming recommended amounts of total fruits and
vegetables; 11.6% for fish and shellfish; 11.6% for total nuts,
seeds, and legumes; and 1.6% for whole grains. Only 1.6% con-
sumed less than 2300 mg/d of sodium and the proportion con-
suming less than 1500 mg/d could not be reliably estimated.
In comparison, with recent national declines in sugar-
sweetened beverages, 43% of adults were at or below recom-
mended levels of consumption.

Estimation of the effect of these dietary changes on health,
in particular chronic diseases, was beyond the scope of this in-
vestigation. With some key exceptions (eg, polyunsaturated
fats, trans fats, sodium, potassium), the evidence linking iso-
lated nutrients to chronic disease outcomes is relatively weak.
In comparison, the evidence linking certain foods and food-
based diet patterns to chronic disease outcomes is more ro-
bust, with supportive and consistent evidence from not only
prospective cohort studies, but also trials of physiological risk
factors, trials of body weight, and trials of clinical disease
outcomes.31 Ecologically, the dietary improvements docu-
mented herein coincide with continued nationwide reduc-
tions, unrelated to drug treatment, in levels of high blood pres-
sure, dyslipidemia, and cardiovascular mortality11,32 as well as
the potential plateauing of obesity. Our findings suggest that
modest dietary changes, across the entire population, may be
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Table 4. Trends in Percentage of Population With Poor or Intermediate Diet Based on Primary American Heart Association (AHA) Continuous Diet
Score by Age Group, Sex, Race/Ethnicity, Education Level, and Family Income, 2003-2012

AHA Primary Diet Score, Weighted % (95% CI)a

P Value
for Trend

P Value
for
Interaction2003-2004 2005-2006 2007-2008 2009-2010 2011-2012

Poor Dietb

Age group, y

20-34 70.8 (62.4-78.0) 66.1 (58.8-72.7) 69.2 (65.0-73.1) 62.0 (56.2-67.5) 56.4 (49.6-62.9) .006

.55
35-49 59.2 (54.1-64.1) 56.1 (49.7-62.4) 59.3 (52.8-65.6) 51.9 (48.8-55.0) 52.1 (45.4-58.7) .046

50-64 48.7 (43.8-53.7) 44.9 (39.1-51.0) 43.1 (36.8-49.6) 39.6 (36.0-43.2) 39.1 (34.2-44.2) .003

≥65 34.7 (30.4-39.3) 34.8 (31.4-38.4) 35.7 (32.1-39.5) 31.0 (27.4-34.7) 29.3 (23.9-35.4) .06

Sex

Male 57.5 (53.1-61.8) 57.2 (52.8-61.5) 58.6 (53.5-63.5) 51.7 (48.0-55.4) 49.3 (44.7-54.0) .002
.38

Female 54.4 (49.4-59.2) 47.9 (43.1-52.7) 49.9 (45.8-54.0) 44.4 (42.2-46.7) 42.2 (37.3-47.1) <.001

Race/ethnicity

Non-Hispanic white 53.9 (47.8-59.8) 49.1 (44.5-53.7) 51.3 (45.2-57.3) 45.3 (42.0-48.7) 42.8 (38.0-47.9) .003

.90Non-Hispanic black 64.7 (58.9-70.1) 64.2 (56.2-71.5) 67.7 (62.5-72.5) 60.5 (55.3-65.5) 57.7 (48.8-66.1) .12

Mexican American 66.0 (56.3-74.4) 61.9 (56.5-66.9) 60.9 (56.0-65.6) 55.4 (50.5-60.3) 58.9 (50.0-67.2) .13

Education level

<High school graduate 63.1 (59.8-66.2) 62.9 (57.7-67.9) 67.1 (64.1-70.0) 57.5 (53.4-61.5) 57.6 (54.3-60.9) .005

.65
High school graduate or GED 63.4 (58.0-68.5) 60.0 (55.3-64.6) 61.6 (58.3-64.8) 59.2 (53.6-64.6) 52.8 (46.5-59.1) .02

Some college 56.6 (51.7-61.4) 52.6 (45.5-59.6) 53.0 (48.4-57.6) 49.2 (45.6-52.7) 47.4 (40.6-54.4) .03

≥College 41.6 (36.1-47.4) 38.0 (32.8-43.5) 37.4 (30.7-44.7) 31.8 (26.4-37.8) 33.3 (25.6-42) .06

Ratio of family income
to poverty levelc

<1.30 67.8 (62.7-72.5) 62.6 (56.7-68.2) 68.0 (62.8-72.8) 60.5 (56.1-64.6) 60.6 (56.2-64.9) .03

.04
1.30-1.849 55.1 (44.0-65.6) 57.4 (52.1-62.6) 54.6 (48.8-60.3) 57.1 (51.0-63.1) 49.7 (40.3-59.1) .46

1.85-2.99 56.0 (49.6-62.3) 55.1 (49.1-61.0) 55.6 (49.9-61.2) 51.2 (45.5-56.8) 48.6 (42.2-54.9) .06

≥3.00 50.5 (46.0-55.1) 47.1 (42.2-52.1) 47.9 (42.4-53.5) 39.8 (36.2-43.6) 35.7 (29.8-41.9) <.001

Intermediate Dietd

Age group, y

20-34 29.2 (22.0-37.6) 33.9 (27.3-41.1) 30.5 (26.5-34.8) 37.2 (31.9-42.8) 42.9 (36.5-49.6) .008

.51
35-49 40.3 (35.4-45.5) 43.2 (37.3-49.3) 39.3 (33.3-45.8) 47.0 (44.0-50.0) 46.0 (39.8-52.3) .09

50-64 50.3 (45.7-55.0) 54.5 (48.6-60.2) 56.3 (50.0-62.5) 58.2 (53.7-62.5) 59.5 (54.3-64.5) .008

≥65 63.6 (59.3-67.8) 63.1 (60.1-66.0) 63.1 (59.6-66.4) 67.3 (63.5-70.8) 68.4 (62.5-73.8) .07

Sex

Male 42.0 (37.7-46.4) 42.3 (38.3-46.5) 41.1 (36.2-46.2) 46.3 (42.2-50.5) 49.0 (44.4-53.6) .01
.22

Female 44.8 (40.2-49.5) 51.1 (46.6-55.6) 48.8 (45.2-52.5) 54.6 (52.3-56.9) 56.5 (51.5-61.3) .001

Race/ethnicity

Non-Hispanic white 45.4 (39.6-51.4) 50.1 (45.7-54.5) 47.7 (42.0-53.4) 53.0 (49.4-56.6) 55.7 (50.8-60.5) .006

.91Non-Hispanic black 34.8 (29.6-40.4) 35.4 (28.5-42.9) 31.7 (27.2-36.5) 38.5 (33.5-43.8) 41.0 (33.3-49.2) .14

Mexican American 33.6 (25.3-43.1) 37.9 (32.9-43.2) 39.1 (34.4-44.0) 43.8 (38.6-49.2) 40.5 (32.2-49.4) .14

Education level

<High school graduate 36.7 (33.6-39.9) 36.9 (31.9-42.1) 32.6 (29.7-35.6) 42.1 (38.0-46.4) 41.5 (38.4-44.7) .009

.83
High school graduate or GED 36.2 (31.0-41.6) 39.3 (35.0-43.7) 38.2 (34.8-41.6) 39.6 (34.5-44.9) 46.4 (39.7-53.2) .03

Some college 42.7 (38.1-47.4) 47.1 (40.1-54.2) 45.5 (41.0-50.1) 50.1 (46.6-53.6) 51.1 (44.3-58.0) .04

≥College 57.2 (51.3-62.8) 60.4 (55.3-65.3) 61.4 (54.1-68.3) 65.1 (58.6-71.2) 64.3 (56.3-71.6) .10

Ratio of family income
to poverty levelc

<1.30 31.9 (27.3-36.9) 37.4 (31.8-43.3) 31.0 (26.5-35.9) 39.3 (35.2-43.5) 38.4 (34.3-42.7) .04

.046
1.30-1.849 44.6 (34.1-55.7) 42.0 (37.1-47.1) 45.3 (39.6-51.0) 42.3 (36.4-48.3) 48.8 (39.3-58.4) .57

1.85-2.99 43.6 (37.4-50.0) 44.4 (38.3-50.7) 43.6 (37.8-49.7) 47.8 (42.5-53.3) 50.0 (43.2-56.8) .12

≥3.00 48.5 (44.0-52.9) 51.8 (47.2-56.4) 51.1 (45.3-56.9) 57.9 (53.6-62.0) 62.5 (56.4-68.1) <.001
a Data on the percentage meeting an ideal diet (�40 points or �80%

adherence) are not presented due to small numbers and large statistical
uncertainty in these subgroup analyses.

b Defined as less than 40% adherence or less than 20 points.

c Less than 1.30 indicates a lower income; 3.00 or greater, higher income.
d Defined as 40% to 79.9% adherence or 20 to 39.9 points.
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contributing to these improvements. These results provide rel-
evant data for future analyses to estimate the health effects
of the identified trends.

Several of the observed mean changes in dietary intake
appeared relatively small when considered as daily servings,
such as trends in yogurt, dark green and red orange veg-
etables, poultry, fish and shellfish, and refined grains. Yet
many of these foods are commonly consumed episodically,
rather than daily, and small changes in average daily intake
sum to more meaningful changes in weekly or monthly con-
sumption. Also, small mean changes across an entire popula-
tion can substantially influence the overall exposure distribu-
tion and corresponding risk in that population.33 Consistent
with this premise, the modest changes in mean intake led to
meaningful changes in the estimated proportions of US
adults meeting recommended overall diet patterns (ie, mov-
ing from poor to intermediate diets); this was especially pro-
nounced among younger adults.

Important trends among demographic subgroups were
identified. Even though diets among younger adults re-
mained worse than among older adults, these gaps appeared
to narrow, whether evaluating the proportion with poor or in-
termediate diets or particular dietary components (eg, sugar-
sweetened beverages). In contrast, there was little evidence
that other dietary disparities (such as by race, income, or edu-
cation) improved during this 14-year period, whereas some
worsened.

For certain items, such as sugar-sweetened beverages and
whole grains, comparable improvements (and thus stable dis-
parities) were observed by socioeconomic and race/ethnicity
strata. Conversely, increases in whole fruit and nut or seed con-
sumption were notably larger among adults with higher lev-
els of income and education. Intake of refined grains and so-
dium increased among Mexican American adults. Intake of
seafood omega-3 fat decreased among non-Hispanic black
adults. These findings highlight the need to understand and
address reasons for these divergent trends. Careful evalua-
tion of population-specific facilitators and barriers to altering
intake of particular foods is essential to crafting tailored ap-
proaches to improving diet quality.

Prior analyses of US dietary trends have focused on a lim-
ited number of dietary components or overall summary mea-
sures (eg, Alternative Healthy Eating Index).3,34,35 In items for
which overlap exists (eg, added sugars, sugar-sweetened bev-
erages), these findings are consistent with prior reports.3,7,36

This investigation has several strengths. The most recent
nationally representative data available were incorporated, pro-
viding an up-to-date portrait of the US diet. Both an overall diet
score as well as multiple relevant food groups and nutrients
were evaluated, including subtypes, providing detailed and

comprehensive findings. Consistent analytic methods across
diverse factors and population subgroups facilitate direct com-
parisons. Potential differences in dietary intake and trends by
key population subgroups were assessed, allowing character-
ization of persistent and increasing disparities. Sensitivity
analyses incorporated changes in US demographics.

Potential limitations should be considered. As with
any population measure, self-reported dietary information is
subject to random and systematic error. Yet interviewer-
administered, 24-hour recalls were used and results were fur-
ther adjusted for total energy, each of which reduce measure-
ment error. Total energy intake was not included as a primary
exposure because of its inaccurate estimation from dietary ques-
tionnaires. However, even when well estimated, total energy in-
take does not provide information on energy balance, which de-
pends on age, sex, metabolic rate, and physical activity. The
optimal evidence to assess trends in energy balance across a
population is body weight, and several prior reports on such
trends have been published.37 Whereas both the individual
AHA dietary components and the binary AHA score have been
linked to disease end points in multiple studies,11 the novel con-
tinuous summary measure of diet used in this study, which al-
lows greater discrimination of dietary differences, needs to be
validated against clinical end points.

Even though systematic bias in reporting over time, such
as from varying social desirability (eg, differential time trends
in the underreporting of less healthful foods), cannot be ex-
cluded, it seems unlikely that such biases would be observed
across the entire population for all of the dietary components
evaluated. A large number of statistical tests were performed
without adjustment for multiple comparisons, so some sta-
tistically significant trends may represent false-positive re-
sults (ie, type I error). NHANES data by geographic region are
not available, so region-specific findings were not examined.
In addition, these findings do not provide explanations for the
observed dietary trends; newly launched US surveys, such as
the National Household Food Acquisition and Purchase Sur-
vey, can help facilitate future evaluations.38

Conclusions
In nationally representative US surveys conducted between
1999 and 2012, several improvements in self-reported di-
etary habits were identified, with additional findings suggest-
ing persistent or worsening disparities based on race/
ethnicity, education level, and income level. These findings
may inform discussions on emerging successes, areas for
greater attention, and corresponding opportunities to im-
prove the diets of individuals living in the United States.
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