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BACKGROUND: Cross-sectional studies have found that
health-related quality of life and mental health are worse
among food-insecure compared with food-secure individ-
uals. However, how these outcomes change as food inse-
curity changes is unclear.
OBJECTIVE: To evaluate how common patient-reported
health-related quality of life and mental health scales
change in response to changes in food security.
DESIGN:Retrospective cohort study using data represen-
tative of the civilian, adult, non-institutionalized popula-
tion of the USA.
PARTICIPANTS: Food insecure adults who completed the
2016–2017 Medical Expenditure Panel Survey.
MAIN MEASURES: Mental health, as measured by the
mental component score of the Veterans Rand 12-Item
Health Survey (VR-12) (primary outcome), along physical
health (physical component score of theVR-12), self-rated
health status, psychological distress (Kessler 6), depres-
sive symptoms (PHQ2), and the SF-6D measure of health
utility. We fit linear regression models adjusted for base-
line outcome level, age, gender, race/ethnicity, education,
health insurance, and family size followed by predictive
margins to estimate the change in outcome associated
with a 1-point improvement in food security.
KEY RESULTS: A total of 1,390 food-insecure adults
were included. A 1-point improvement in food security
was associated with a 0.38 (95%CI 0.62 to 0.14)-point
improvement in mental health, a 0.15 (95%CI 0.02 to
0.27)-point improvement in psychological distress, a
0.05 (95%CI 0.01 to 0.09)-point improvement in depres-
sive symptoms, and a 0.003 (95%CI 0.000 to 0.007)-point
improvement in health utility. Point estimates for physical
health and self-rated health were in the direction of im-
provement, but were not statistically significant.
CONCLUSIONS: Improvement in food insecurity was as-
sociated with improvement in several patient-reported
outcomes. Further work should investigate whether sim-
ilar changes are seen in food insecurity interventions, and

the most useful scales for assessing changes in health-
related quality of life and mental health in food insecurity
interventions.
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F ood insecurity—insufficient or uncertain access at all
times to enough food for an active healthy life—affected

American households encompassing over 38 million people in
2020.1 Food insecurity is associated with a number of poor
health outcomes, including increased hemoglobin A1c for
people with diabetes, increased incidence of chronic kidney
disease, greater number of emergency department visits, and
greater healthcare expenditures.2–9 For these reasons, food
insecurity is increasingly targeted by interventions meant to
address health-related social needs in order to improve
health.10, 11 To date, food insecurity interventions have often
aimed at reducing healthcare utilization and cost, or improving
biomarkers of disease control, such as hemoglobin A1c.12–14

Another aspect of health that food insecurity may affect is
patient-reported outcomes, particularly with regard to well-
being, health-related quality of life, and mental health.15, 16

Both cross-sectional quantitative research and qualitative re-
search have examined associations between food insecurity,
health-related quality of life, and mental health.17–25 Despite
clear differences in health-related quality of life and mental
health between people who do and do not experience food
insecurity, it is unclear to what extent these outcomes change
when food insecurity changes. Answering this question is
critical for understanding the impact on health that food
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insecurity interventions could have. Therefore, we sought to
examine changes in patient-reported outcome measures asso-
ciated with changes in food security in a nationally represen-
tative cohort. Based on a previously published conceptual
model26, we hypothesized that mental health outcomes, par-
ticularly mental health-related quality of life, would improve
as food insecurity improved.

METHODS

Data Source and Setting

This study used data from Panel 21 of the Medical Expendi-
ture Panel Survey (MEPS).27 MEPS is a nationally represen-
tative probability sample of the civilian non-institutionalized
population of the USA, conducted by the Agency for
Healthcare Research and Quality (AHRQ).27 MEPS partici-
pants are drawn from participants in the National Health
Interview Survey and complete five interviews over a 2-year
period. Panel 21 completed their interviews in 2016 and 2017,
and is the only MEPS panel, to date, to have completed food
insecurity assessment at two time points. For this study, we
used the MEPS longitudinal data file and the food security
files for Panel 21.
The institutional review board at the UNC determined that

this secondary use of de-identified data was not human sub-
jects research.

Food Insecurity

Food insecurity in MEPS was assessed using the 10-
item USDA Adult Food Security Survey Module, with a
30-day lookback period.28 MEPS participants completed
food insecurity assessment in both 2016 and 2017. The
food security survey module has excellent reliability
(Cronbach’s α > 0.85)29, 30 and was scored in the
standard fashion.28, 31 Scoring instructions state: “Re-
sponses of “yes,” “often,” “sometimes,” “almost every
month,” and “some months but not every month” are
coded as affirmative. The sum of affirmative responses
to the 10 questions in the Adult Food Security Scale is
the household’s raw score on the scale.”28 This pro-
duces a raw score (range: 0 to 10), with higher scores
indicating worse food insecurity. The food security sur-
vey module was developed using a Rasch model, which
supports an interval interpretation of the score.32, 33

The primary exposure for this study was the change in food
insecurity between 2016 and 2017. This was calculated by
taking a respondent’s 2017 food security raw score and
subtracting from it their 2016 food security raw score. In
constructing the exposure in this way, a negative-valued score
indicates that food insecurity has improved, a score of 0
indicates no change, and a positive-valued score indicates food
insecurity has worsened.

Patient-Reported Outcome Measures

We used several patient-reported outcome measures in this
study. The primary outcome was the mental component score
(MCS) derived from the Veterans Rand 12-Item Health Sur-
vey (VR-12), measured in 2017. The VR-12 is a generic
health-related quality of life instrument that is similar to the
12-item Short Form Survey version 2 (SF-12v2).34, 35 The
MCS score uses data from all 12VR-12 items, weightingmore
heavily mental health components in its scoring algorithm.We
selected the MCS as the primary outcome given prior empir-
ical evidence and conceptual models that suggest changes in
food insecurity may particularly affect mental health.19, 23, 26,
36, 37 The MCS scoring algorithm is designed to have a mean
of 50 and a standard deviation of 10 in the US population.
Higher scores indicate better mental health.
We used several other patient-reported outcome measures

(all assessed in 2017) as secondary outcomes. These were the
following: the physical component score (PCS) from the VR-
12 (which also uses all 12 items, has a mean of 50, standard
deviation of 10, and higher scores indicate better physical
health)34, 35, 1-item self-rated health (scored as 1=excellent,
2=very good, 3=good, 4=fair, or 5=poor)38, the Kessler 6 (K6)
measure of non-specific psychological distress (range 0–24
with higher scores indicating more distress)39, the Patient
Health Questionnaire 2-item (PHQ2) measure of depressive
symptoms (range: 0–6 with higher scores indicating more
depressive symptoms)40, and the SF-6D (Short Form – Six
Dimension) measure of health utility (range 0.345 to 1, with
higher scores indicating better health utility).41, 42 Health
utility is a summary score that relates a health state to a general
population’s preferences about health-related quality of life.
Health utility measures are constructed such that “dead” is
anchored at 0 and “full health” is anchored at 1.

Scoring Baseline Outcomes

For the self-rated health, K6, and PHQ2 outcomes, these were
collected identically in 2016 and 2017. For the MCS and PCS
scores, in 2016, MEPS administered the SF-12v2 rather than
the VR-12.43 MCS and PCS scores can be calculated from
both the SF-12v2 and VR-12, and in releasing data, AHRQ
explicitly used a scoring algorithm to help ensure that the 2016
and 2017 MCS and PCS scores were aligned with each oth-
er.44 Similarly, the SF-12v2 and the VR-12 each contain the 7
questions used in the SF-6D valuation set and scoring algo-
rithm. To ensure consistency across years, we applied the
same scoring algorithm to each questionnaire to calculate the
SF-6D score.42

Covariates

We extracted data from MEPS on several covariates that may
confound the relationship between changes in food insecurity
and patient-reported outcome measures. For socio-
demographic factors, these were age in years at the start of

3639Berkowitz et al.: Patient-Reported Outcome Measures and Food InsecurityJGIM



MEPS, gender, educational attainment (categorized as less
than high school diploma, high school diploma, or greater
than high school diploma), household size (as household size
has previously been related to different experiences of food
insecurity), and 2016 health insurance (categorized as unin-
sured, private insurance, Medicare insurance including dual
eligible, and other public health insurance). As possible indi-
cators for the experience of racism, which may affect both
change in food insecurity and study outcomes, we included a
race/ethnicity variable, categorized as Hispanic, non-Hispanic
White, non-Hispanic Black, non-Hispanic Asian, and non-
Hispanic Multiple Race or Other. These were the most de-
tailed categorizations feasible with the available sample size.
Finally, analyses were adjusted for the baseline (2016) ver-
sions of the patient-reported outcome measures, which helps
account for reverse causation (that is, baseline levels of the
outcome affecting food insecurity).

Analytic Samples

Our aim was to examine, from the perspective of conducting a
food insecurity intervention, how changes in food insecurity
are associated with changes in self-reported health outcomes.
Therefore, we sought to include individuals who reported food
insecurity at baseline (as might enroll in a food insecurity
intervention). Thus, the primary analytic sample included
adults (aged 18 years or older) categorized as food insecure
at baseline (2016 food security raw score > 2) alive for
complete follow-up in 2017.
We constructed three additional samples to examine other

aspects of our research questions. First, we constructed a cross-
sectional analytic sample to compare patient-reported outcomes
between those who were food secure and food insecure in 2016.
This sample consisted of all adults (age ≥ 18 years). We also
considered different ways of classifyingwhomight be eligible for
a food insecurity intervention. For sensitivity analyses, we creat-
ed a sample with food insecure and marginally food secure
participants (2016 food secure raw score > 0)28, and a Hunger
Vital Sign45 sample (affirmative responses to either [or both] of
the first two items from the 2016 adult food security survey
module, which correspond to screening positive on the Hunger
Vital Sign screening instrument).45

Statistical Analysis

We first conducted descriptive statistics. Next, we sought to
better understand the appropriate functional form with which
to model the relationship between change in food security
score and study outcomes. Analyses used to do this and their
results are described in more detail in the Technical Appendix
(including eTable 1 and eFigures 1–6). Ultimately, we con-
cluded that a linear relationship was a reasonable approxima-
tion, although we included other functional forms as part of
sensitivity analyses as described below.
The next step was to conduct regression analyses that use

representativeness weights and design-corrected standard

errors, in order to assess whether changes in food insecurity
were statistically significantly associated with changes in
study outcomes. These models adjusted for age, gender,
race/ethnicity, education, household size, and the 2016 mea-
surement of the outcome. By including the 2016 version of the
outcome, this has the effect of adjusting for time-invariant
confounding from both unmeasured and measured factors that
would affect the outcome in both 2016 and 2017. Because
food insecurity interventions often reduce food insecurity by
increasing income, we did not want to adjust for income as that
would produce estimates of changes in study outcome inde-
pendent of the income pathway. In other words, we were not
interested in estimating how changes in food insecurity might
relate to study outcomes independent of income. Results from
these models should not be interpreted as estimating the causal
effect of a change in food insecurity alone on study outcomes.
Instead, they should be interpreted as estimates of how chang-
es in food insecurity (which may occur for multiple reasons)
are associated with changes in study outcomes.
As noted above, our primary models were fit using linear

regression. As an additional check on functional form, we re-
fit each of the models using Poisson regression. Finally, for
two outcome scales that contain only a small number of
possible values (self-rated health status and PHQ2 score), we
fit generalized ordered logistic regression models as an addi-
tional sensitivity analysis.46 These models estimate the prob-
ability of transitioning from one level to a higher level, but do
not impose a proportional odds assumption as a standard
ordinal logistic model does. This means, for example, that a
1-point change in food security score could have a different
association with the probability of moving from “good” to
“excellent” health than it does with the probability of moving
from “poor” to “fair” health.
After fitting these models, we used predictive margins47 to

estimate change in each outcome per 1- and 5-point improve-
ment in food security score, standardized over the distribution
of model covariates. A two-sided p-value of < 0.05 indicated
statistical significance. Analyses were conducted in SAS ver-
sion 9.4 and Stata/MP Version 16.1.

RESULTS

There were 1,397 adults who reported food insecurity in 2016.
Of these, 7 (0.5%) were excluded due to incomplete follow-
up, yielding a primary analytic sample of 1,390 individuals.
Demographic characteristics of the primary analytic sample
are presented in Table 1. The mean change in food security
score from 2016 to 2017 was −2.49 (SE 0.14, min: −10, max:
5; Figure 1).
Demographics for the additional analytic samples are pre-

sented as eTables 2 and 3. Comparing those who were food
secure and food insecure in 2016, those who were food inse-
cure had significantly worse scores for all study outcomes in
both unadjusted and adjusted analyses (eTable 4).
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In linear regression models that incorporated representative-
ness weights and used survey design-corrected standard er-
rors, we found that decreases in food insecurity were associ-
ated with significant improvement in MCS, K6 score, PHQ2
score, and SF-6D score (Table 2, full models in eTables 5–10).
A 1-point improvement in food security was associated with a
0.38 (95%CI 0.62 to 0.14)-point improvement in MCS score,
a 0.15 (95%CI 0.02 to 0.27)-point improvement in K6 score, a
0.05 (95%CI 0.01 to 0.09)-point improvement in PHQ2 score,
and a 0.003 (95%CI 0.000 to 0.007)-point improvement in SF-
6D score. Point estimates for PCS and self-rated health were in
the direction of improvement, but were not statistically signif-
icant. Plots of the relationship between change in food security
score and study outcomes are presented as eFigures 7–12.

Results from Poisson regression models were very similar
to the results of linear regression models (eTable 11). Results
were also similar in sensitivity analyses examining different
analytic samples (eTables 12–13). For the two outcomes with
restricted scales (self-rated health and PHQ2), generalized
ordinal logistic regression models yielded results very similar
to those in the main linear regression analyses (eTables 14–15
and eFigures 13–14).

DISCUSSION

In this cohort study of US nationally representative non-
institutionalized adults, we found that improvements in food
insecurity were associated with statistically significant im-
provements in MCS, psychological distress, depressive symp-
toms, and health utility. Further, in cross-sectional analyses,
being food insecure, compared with being food secure, was
associated with significantly worse indicators of health-related
quality of life, mental health, and health utility. However, the
improvements in outcomes seen with changes in food insecu-
rity, albeit over a short timeframe, were small in magnitude
relative to the differences between those who were food inse-
cure and food secure in cross-sectional analyses.
Improvements in food insecurity were associated with im-

provements for most study outcomes. However, the magni-
tude of this change was often small. There are several possible
explanations for this finding. First, it may be that food insecu-
rity is a marker of poor well-being, but is not directly related to
it. While certainly possible, existing qualitative research ar-
gues against this. Studies of individuals who have experienced
food insecurity consistently find both that food insecurity is
highly aversive and that its alleviation brings great relief.23, 24,
37, 48, 49. Alternatively, the instruments used in this study may

Table 1 Characteristics of Primary Analytic Sample (This Sample
Consists of Those Who Were Food Insecure in 2016 and Completed

Study Follow-up) (N=1390)

Mean (SE) or N (weighted
%)

Age, years 43.3 (0.61)
Women 832 (55.6)
Race/ethnicity

Hispanic 540 (23.0)
Non-Hispanic White 402 (49.4)
Non-Hispanic Black 358 (19.8)
Non-Hispanic Asian 33 (2.6)
Non-Hispanic Other/Multi 57 (5.1)

Education
< High school diploma 465 (25.8)
High school diploma 516 (36.0)
> High school diploma 397 (38.3)

Health insurance in 2016
Private 368 (31.7)
Medicare (including dual

eligible)
147 (10.9)

Other public 624 (41.9)
Uninsured 251 (15.5)

Family size 3.0 (0.08)

Figure 1 Distribution of food insecurity change scores. Legend: Lower (negative) food insecurity change scores indicate improvements in food
insecurity; higher (positive) scores indicate worsening food insecurity.
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not be very responsive to the ways in which alleviation of food
insecurity improves health-related quality of life and/or mental
health. This could indicate the need to develop new patient-
reported outcome measures that are better attuned to the ways
in which alleviating food insecurity improves health-related
quality of life and mental health. Clarifying which of these
explanations is most likely is an important goal for future
research. Another important goal of future research is exam-
ining whether the experience of racismmoderates the relation-
ship between food insecurity and study outcomes.
When food insecurity improved, we did not observe statis-

tically significant improvements in PCS and self-rated health.
This may be because changes in food insecurity do not im-
prove physical health. Alternatively, this may represent use of
instruments that were relatively unresponsive50, 51, or that
emphasized items (such as climbing flights of stairs) not
closely connected to the ways in which changes in food
insecurity may affect health-related quality of life.35

This study is consistent with prior studies and expands our
knowledge in important ways. First, prior cross-sectional stud-
ies have found associations between food insecurity, worse
mental health, and worse health-related quality of life.17–25

Second, as noted above, qualitative studies have supported the
idea that food insecurity alleviation is experienced as an im-
portant improvement in mental health.23, 24, 37, 48, 49 This
study adds quantitative evidence in a US nationally represen-
tative sample regarding changes in commonly used indicators
of health-related quality of life and mental health associated
with changes in food insecurity. Importantly, a prior study
comparing different health-related quality of life indicators did
find that different instruments were variably suited to measur-
ing differences between those who were experiencing food
insecurity and those who were food secure.22

The findings of this study have important implications
for food insecurity research. In addition to the need to

resolve questions of the magnitude of benefit in the do-
mains that food insecurity interventions may offer, it is
important to note that there does not seem to be a clearly
“best” instrument to use when measuring health-related
quality of life or mental health in food insecurity interven-
tions. This suggests that, presently, investigators should
think broadly about what aspects of these concepts might
be affected by food insecurity alleviation, and select a wide
array of instruments, possibly with overlap, to enhance the
chance of identifying important changes.
The results of this study should be interpreted in the context

of important limitations. First, because we do not have infor-
mation on why food security scores changed between baseline
and follow-up, we should not interpret changes in study out-
comes associated with changes in food security scores caus-
ally. There may have been residual confounding that explains
the covariation between food security scores and study out-
comes. However, we did adjust for a robust set of potential
confounders, including the baseline version of the study out-
come, which provides protection against time-invariant con-
founding and reverse causation by baseline levels of the study
outcome. Nevertheless, the possibility of time-varying con-
founding cannot be excluded. Next, we had scores for only a
small set of instruments. There are other instruments that focus
on domains more greatly affected by food insecurity, such as
the ability to participate in social roles, or stress. It would have
been desirable to include these had data been available. Next,
it is not clear what reduction in food insecurity scores a food
insecurity intervention typically achieves. These limitations
were balanced by several strengths. First, the included mea-
sures covered a broad range of domains, including bothmental
and physical health-related quality of life, psychological dis-
tress, depressive symptoms, and health utility. Next, the use of
nationally representative longitudinal data is an important
advance relative to prior quantitative work in this area.

Table 2 Association between Change in Food Security and Study Outcomes

Model
coefficient

95%CI p Estimated score if no
change in food security

Estimated score if 1-point
improvement in food security

Estimated score if 5-point
improvement in food security

MCS −0.38 −0.62 to
−0.14

0.002 46.30 46.68 48.21

PCS −0.14 −0.36 to
0.08

0.20 45.88 46.02 46.59

Self-Rated
Health

0.02 0.00 to
0.04

0.11 2.93 2.91 2.83

K6 0.15 0.02 to
0.27

0.02 5.48 5.33 4.74

PHQ2 0.05 0.01 to
0.09

0.02 1.38 1.33 1.13

SF-6D −0.003 −0.007 to
0.000

0.05 0.80 0.81 0.82

Analyses from linear regression models include representativeness weights and correction for complex survey design. Models adjusted for baseline
outcome, age, gender, race/ethnicity, education, health insurance, and family size. Estimated scores from predictive margins
MCS, mental component score. Mean = 50, standard deviation = 10, higher scores indicates better mental health
PCS, physical component score. Mean = 50, standard deviation = 10, higher scores indicates better physical health
Self-Rated Health scored as 1=excellent, 2=very good, 3=good, 4=fair, or 5=poor
K6, Kessler 6 measure of non-specific psychological distress (range 0–24 with higher scores indicating more distress
PHQ2, Patient Health Questionnaire 2-Item measure of depressive symptoms (range: 0–6 with higher scores indicating more depressive symptoms
SF-6D, Short Form – Six Dimension measure of health utility (range 0.345 to 1, with higher scores indicating better health utility)
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Food insecurity is an important threat to health in a number
of ways, including cardiometabolic risk, health-related quality
of life, and mental health. It is clear that measuring a broad
range of outcomes is needed to fully assess the potential
benefits of food insecurity interventions. Given the important
role that food insecurity plays in both health overall and health
inequity more specifically, improving our ability to address
food insecurity and understand the effect of doing so on health
is imperative.
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mentary material available at https://doi.org/10.1007/s11606-021-
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