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Abstract

Background: Macroeconomic changes are associated with population health outcomes, such
as mortality, accidents, and alcohol use. Diet quality is a risk or protective factor that could be
influenced by economic conditions.

Objective: This study examined the trajectory of diet quality measured by the Healthy Eating
Index 2015 before, during, and after the 2008/2009 Great Recession.

Design: Repeated cross-sectional survey data from the National Health and Nutrition
Examination Survey (NHANES) were analyzed.

Participants/setting: The analytic sample included 48,679 adults who completed at least one
dietary recall from NHANES 1999-2018.

Main Outcome Measures: Diet quality was assessed with a 24-hour dietary recall to calculate
the Healthy Eating Index (HEI)-2015 total scores, a measure of the conformance with the 2015-
2020 Dietary Guidelines for Americans.

Statistical Analyses Performed: Least squares regression was used to adjust for demographic
changes across waves.

Results: Diet quality improved noticeably during the Great Recession and deteriorated as
economic conditions improved.

Conclusions: Deteriorating economic circumstances may constrain choices, but that does not
necessarily imply a worsening of dietary quality. During the Great Recession, American diets
became more consistent with Dietary Guidelines for Americans recommendations, possibly
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because of a shift towards food prepared at home instead of prepared food bought away from

home.
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Introduction

Dietary guidelines aim to reduce the societal burden of diet-related diseases, as poor diet
quality is a risk factor for chronic conditions, premature mortality and lower disability-
adjusted life years.1:2 The Great Recession, which had a major economic impact worldwide,
is now well in the past® and consistent data that cover the period before, during, and after it
are now available. In the US, the recession technically lasted from December 2007 — June
2009 as measured by the nominal GDP trough,? but unemployment rates reacted with a lag
and peaked at 10% in October 2009, a level that had not been reached in the previous 25
years.* Recovery was slower— unemployment rates dropped to 2005 levels by 2015.4 But
economic conditions kept improving and by 2018, the seasonally adjusted unemployment
rate had dropped under 4%, far below the historical average since 1948 and reached the
lowest levels since 1969.4

The analysis of diet quality falls under the broader topic of economic conditions and
health, including the seemingly counterintuitive association that economic downturns are
often accompanied by lower overall mortality rates and improvements in some measures

of physical health.5—2 The relationship between economic downturns and reduced mortality
appears to have weakened in more recent periods,® possibly because some causal pathways
may have become less important, such as reduced air pollution and occupational or traffic
accidents during downturns.10:11 Other relationships have always been in the opposite
direction, such as increased suicide rates during economic downturns,12 which may have
become more important recently.

Evidence on causal pathways remains far from being settled. One proposed pathway is
through improved health behaviors, for example reduced smoking, loss of excess body
weight and increased leisure-time physical activity during economic downturns.13 In
contrast, another study concluded that 2008/2009 Great Recession negatively impacted
blood pressure and blood glucose levels, casting doubt on the idea of improved
cardiovascular health.14

Previous studies have reported improvements in diet quality over time.2>-17 Wilson and
colleagues fitted a linear trend line to the National Health and Nutrition Examination Survey
(NHANES) data from 1999/2000 to 2011/2012 and concluded that the average Healthy
Eating Index-2010 (HEI-2010) scores increased about 1.6 points every two years.1® Based
on this time trend, they predicted that the US population could reach a total HEI-2010 score
of 65 by the year 2020, a large improvement since the beginning of the current NHANES
data collection (1999/2000), but still 9 points short of the Healthy People 2020 targets.1®
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This paper focuses on the relationship between macroeconomic conditions and diet quality,
separating out demographic trends such as increasing levels of education and aging
population. It uses several cycles of NHANES data, including recent waves that span the
largest macroeconomic swings in the last 80 years with both a downturn and a recovery.

Materials and Methods

Data source

This analysis uses one-day 24-recall dietary data from NHANES 1999-2018, a nationally
representative survey conducted every two years on health and nutritional status of the
noninstitutionalized civilian population in the United States.18 The Research Ethics Review
Board of the National Center for Health Statistics has approved NHANES protocols and
written informed consents are obtained for all participants. Since NHANES is publicly
available and contains no information that can identify subjects, this study is deemed exempt
from the Institutional Review Board (IRB) under federal regulation 45 46.101 (b) CFR.

Analytic Sample

The study population consists of 48,679 respondents aged 18 years or older who completed
an in-person dietary recall interview by a trained interviewer and with complete data on sex,
age, race/ethnicity, and educational level.1® Beginning in 2003, a second 24-hour recall was
added, but administered by telephone 3 to 10 days after the first interview.1® For consistency
over time, we only use the first 24-hour dietary recall across all waves; early and later
waves would not be comparable otherwise due to the changes in survey administration. As
a sensitivity analysis, we use both recalls in later waves— that is, we sum across the dietary
constituents consumed in both recalls per person then take the ratio before applying the
scoring standards.20

Assessment of Diet Quality

Diet quality is assessed by the Healthy Eating Index-2015 (HEI-2015),21.22 which measures
conformance with the 2015-2020 Dietary Guidelines for Americans.2 The HEI-2015

has 13 components, including nine components assessing adequacy (dietary components
recommended for inclusion in a healthy diet) and four components assessing moderation
(dietary components that should be consumed sparingly). Each of the components is scored
on a density basis out of 1,000 calories and then scored according to standards, except for
fatty acids, which is scored on a ratio of unsaturated to saturated fatty acid.23 The complete
list of components is: (1) Total Fruits, (2) Whole Fruits, (3) Total Vegetables, (4) Greens and
Beans, (5) Whole Grains, (6) Dairy, (7) Total Protein Foods, (8) Seafood and Plant Proteins,
(9) Fatty Acids (the ratio of unsaturated fatty acids to saturated fatty acids), (10) Refined
Grains, (11) Sodium, (12) Added Sugars, and (13) Saturated Fats.22 The first nine are
adequacy components and the remaining four are moderation components. Total HEI-2015
score ranges from 0 (nonadherence) to 100 (perfect adherence).24

There are several methods to calculate the HEI for a data set, with different limitations.2°
The resulting numbers can differ depending on assumptions about measurement error,
episodic intake, skewness, or correlation between components energy.2> We use the Simple

J Acad Nutr Diet. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chen and Sturm

Page 4

HEI Scoring Algorithm Method, which creates individual scores and can be used in
regression models.2° Its disadvantage is that it has a higher variance due to episodic intake
and can be more affected by measurement error than the population ratio method, which
calculates a single number for a population and cannot be used in regression models.25
The calculation of HEI-2015 scores is performed using SAS and the macros provided by
National Cancer Institute.20.26

Statistical Analysis

Results

All analyses incorporate the dietary sample weights to ensure nationally representative
estimates and standard errors are adjusted for stratification/clustering in the survey design.
Ordinary least squares (OLS) regression is applied with the HEI-2015 scores as the
dependent variable and the cycle indicator as the key independent variable to investigate
the general trend. Wald F statistics are used to examine whether the coefficients of different
cycles are statistically different.

Sociodemographic characteristics were controlled in the regression model for changes in the
demographic composition over time. These demographic changes can affect diet quality, 1727
and we want to separate them from changes in diet quality over the economic cycle. Sex, age
group in years, race/ethnicity, and educational level were collected by trained NHANES
interviewers according to fixed categories provided by the National Center for Health
Statistics using the Computer-Assisted Personal Interview system.28 Age is categorized

into three groups (18-39, 40-59, 60 or above); race/ethnicity into hon-Hispanic White
participants, Hispanic participants, non-Hispanic Black participants, and participants of
other race; educational levels into less than high school, high school, and some college or
more. As a sensitivity check, a model that includes family income expressed as percentage
of the federal poverty guideline (<130%, 130%-349%, 350% or above) is also estimated.
All data are analyzed using Stata 16 and statistical significance was set at a 2-tailed P < 0.05
for all primary analyses.2°

Between 1999 and 2018, the demographic characteristics of the US population changed,
with fewer non-Hispanic White respondents, an increase in age, and an increase in
education. (Table 1)

Figure 1 shows the adjusted predicted HEI-2015 scores using weighted OLS regression

to control for demographic changes, with arrows indicating economic conditions and
unemployment rates from the Bureau of Labor Statistics.* Holding population characteristics
constant, diet quality improved from 1999/2000 up to 2011/2012 and then deteriorated.
Except for 2003/2004, the diet quality was significantly higher in every cycle until
2011/2012 than in 1999/2000. The highest adjusted predicted HEI-2015 score using
weighted OLS regression occurred in the 2011/2012 cycle, a 2.22-point improvement from
cycle 1999/2000 (p-value<0.001) and a 1.40-point increase over cycle 2005/2006 before the
Great Recession (p-value<0.001).
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Diet quality declined consistently in later waves from the peak in 2011/2012 just

as unemployment rates decreased. By 2015/2016, adjusted average HEI-2015 scores
deteriorated to the level of cycle 2005/2006, the latest wave before the Great Recession.
National unemployment rates started to decline in 2010 and were lowest in the most

recent cycle (2017/2018),4 in which diet quality is significantly lower than cycle 2005/2006
(p-value= 0.02) and no different than the adjusted predicted HEI-2015 score in 1999/2000
(p-value= 0.76). The sensitivity analysis using both recalls in waves later than 2003 and
including the ratio of family income to poverty as a covariate demonstrate similar results.

In general, females had 1.53-point higher HEI-2015 score than males (p-value<0.001).
(Table 2) Respondents ages 40 to 59 had on average 3.08-point higher HEI-2015 score than
their younger counterparts (p-value<0.001), while those ages 60 or above are predicted to
have 6.66-point higher HEI-2015 score than respondents ages 18 to 39 (p-value<0.001).
(Table 2) Compared with non-Hispanic White respondents, Hispanic respondents possessed
better diet quality (p-value<0.001), whilst non-Hispanic Black respondents had worse diet
quality (p-value<0.001). Respondents with some college education had higher HEI-2015
scores than those who did not graduate from high school (p-value<0.001).

Discussion

Previous NHANES studies reported that overall diet quality among US adults improved
over time, which we confirmed over the same periods.15-17 Instead of modeling a linear
time trend, as in Wilson et al.1>, we focus on cyclical changes related to macroeconomic
conditions. Tracking the time path of diet quality over 20 years that includes one of the
strongest economic cycle shows that improving macroeconomic conditions are associated
with deteriorating diet quality. Diet quality using the HEI-2015 peaked in 2011/2012, when
unemployment rates were at high levels, and declined afterwards. The deterioration in

diet quality continued as the macroeconomic conditions improved and unemployment rates
fell. By 2017/2018, the HEI-2015 scores have deteriorated to the levels in 1999/2000.

The association of poorer diet quality with better economic conditions may seem counter-
intuitive, but is consistent with economic research on health behaviors and outcomes over
the economic cycle.>-9.13

Income/poverty itself is a result of macroeconomic conditions,3? so our main analysis does
not control for family income. Instead, only factors that are not changed in the economic
cycle, such as sex, age, race/ethnicity, and educational level are controlled. Including income
may control away the effect of macroeconomic cycles, but the result from sensitivity
analysis shows little difference between adding or not adding the ratio of family income to
poverty to the regression model, implying that income changes alone may not be responsible
for the change in diet quality.

One plausible explanation is that food prepared at home becomes relatively more attractive
and economical during worse economic times. Research from the US Department of
Agriculture has shown that working-age adults reported a decline in the share of energy
from food-away-from-home during deteriorating economic conditions3! and that the
nutritional quality of food-away-from-home was lower compared to food prepared at

J Acad Nutr Diet. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chen and Sturm

Page 6

home.32 Other work reported that food away from home provided fewer servings of whole
grains, dairy and vegetables, and increased the percent of calories from added sugar and
saturated and solid fat.33 The quantified impact of food away from home on diet quality

is equal to lowering total HEI-2005 scores by two points.3* More frequent cooking at
home is associated with better diet quality among both lower- and higher-income adults.35
Thus, economizing may result in giving up convenience, but does not necessarily imply
deteriorating diet quality.

We find the same qualitative result as Wilson et al.1® up to 2011/2012 when their data
ended, namely that diet quality consistently improved until 2011/2012. The key distinction
of this study and Wilson et al. is in the dynamics — we focus on cyclical behavior in

diet and the data show as strong a decline in diet quality in recent years as they show

an improvement in early NHANES waves. However, our absolute scores and the increase
in magnitude is lower than what Wilson et al. reported. The two main reasons are that

we adjust for population characteristics and that we use the simple HEI method rather

than the population ratio method. First, an aging and more educated population increases
measured diet quality on its own.1”27 While Wilson et al.’s results include this demographic
effect, our approach removes this population trend, as the adjusted predicted scores represent
the average population characteristics over the study period. Second, different methods

to calculate HEI scores result in different means. The simple scoring algorithm is most
appropriate for our purposes because we want to use individual scores in the regression
models and only a single 24-hour recall was available in early NHANES waves, but it does
not capture usual intake and is more vulnerable to measurement error.2°> Other potential
reasons for numerical differences are the inclusion of children in Wilson et al. compared
with our focus on adults, and the shift from HEI-2010 in Wilson et al. to HEI-2015 in this
study. Compared to HEI-2010, HEI-2015 replaced the empty calories category with two
separate components (saturated fats and added sugars), and included legumes in the scoring
of 4 components (total vegetables, greens and beans, total protein foods, and seafood and
plant protein) instead of just two.22 Such changes can have limited impact on HEI scores.

This study is a descriptive research of population statistics over time, which are suggestive
but provide no evidence of causality. However, this study is the first to indicate associations
between the total HEI-2015 scores and economic cycles, and thus shedding light to the
need for future research into possible mechanisms. The changes in the total HEI-2015
scores over time are statistically significant, and the observed magnitude could have an
impact on population health, as past research concluded that each additional increase in

the standard deviation of HEI-2015 reduced the risk of cardiovascular disease by 3-7%.36
Dietary data from NHANES are subject to the limitations of 24-hour recalls, including
measurement error from respondents’ short-term memory and underreporting of energy
intake and some macronutrients (e.g., fat and sugar).3’-41 Moreover, the reporting bias is
related to weight status and social approval.#243 It is unknown how varying degrees of
under- and over-reporting can influence the differences we observed in diet quality over the
years.
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S

This paper highlights the importance of economic cycles to diet quality. Population diet

q

uality in the US improved substantially during the Great Recession but deteriorated when

the macroeconomic conditions recovered. A possible mechanism is substitution of food

p

repared at home with nutritionally less desirable food away from home during economic

recovery. If that were true, the COVID-19 pandemic may result in even larger changes in

d

iet quality.
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Research Snapshot
Research Question:

How does population diet quality change during economic downturns or economic
recoveries?

Key Findings:

Diet quality among US adults improved during the Great Recession but deteriorated as
the economy recovered.
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Adjusted Predicted Total HEI-2015 Score

53

52.5 A highest unemployment rate

52 -
unemployment rate recovers

515 start of the Great Recession
lowest

unemployment

51 -

rate

50.5 -

49.5 -

48

I | | [ I I I | [ I I
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
Year

Figure 1:
The Adjusted Predicted Total HEI2-2015 Score Trend and 95% Confidence Interval® using

the National Health and Nutrition Examination Survey, 1999-2018

@ HEI = Healthy Eating Index

b predicted values and their 95% confidence intervals are from weighted ordinary least
squares regression using margins command in Stata, controlling for sex, age group in years
(18-39,40-59,60 or above), race/ethnicity (Non-Hispanic White, Hispanic, Non-Hispanic
Black, and other race), and educational level (less than high school, high school graduate/
General Equivalency Diploma, some college/associates (AA) degree or higher)
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