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Food Insecurity, Food “Deserts,”
and Glycemic Control in Patients
With Diabetes: A Longitudinal
Analysis
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OBJECTIVE

Both food insecurity (limited food access owing to cost) and living in areas with low
physical access to nutritious foods are public health concerns, but their relative
contribution to diabetes management is poorly understood.

RESEARCH DESIGN AND METHODS

This was a prospective cohort study. A random sample of patients with diabetes in a
primary care network completed food insecurity assessment in 2013. Low physical
food access at the census tract level was defined as no supermarket within 1 mile in
urban areas and 10 miles in rural areas. HbA,. measurements were obtained from
electronic health records through November 2016. The relationship among food
insecurity, low physical food access, and glycemic control (as defined by HbA, ) was
analyzed using hierarchical linear mixed models.

RESULTS

Three hundred and ninety-one participants were followed for a mean of 37 months.
Twenty percent of respondents reported food insecurity, and 31% resided inan area of
low physical food access. In adjusted models, food insecurity was associated with
higher HbA, . (difference of 0.6% [6.6 mmol/mol], 95% C10.4-0.8 [4.4-8.7], P<0.0001),
which did not improve over time (P = 0.50). Living in an area with low physical food
access was not associated with a difference in HbA, . (difference 0.2% [2.2 mmol/mol],
95% Cl —0.2 to 0.5 [—2.2 to 5.6], P = 0.33) or with change over time (P = 0.07).

CONCLUSIONS

Food insecurity is associated with higher HbA,, but living in an area with low physical
food access is not. Food insecurity screening and interventions may help improve
glycemic control for vulnerable patients.

Diabetes affects more than 30 million Americans and is both more common and more
likelytolead to complicationsin those with lower socioeconomicstatus (1,2). Adherence
to a healthy diet is a cornerstone of diabetes management, but those who are socio-
economically vulnerable face several important barriers to dietary adherence. First, food
insecurity, the uncertain or limited availability of food owing to cost, is highly prevalent in
the U.S., affecting ~13% of American households overall, 20% of Americans with diabetes,
and 25% of Americans with poor glycemic control (hemoglobin A;. [HbA; ] >9.0%) (3,4).
In addition, area factors, such as having a place to purchase nutritious food, termed
“physical food access” by the U.S. Department of Agriculture (USDA) (5), lack of
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transportation, and neighborhood depri-
vation, can also make following an appro-
priate diet more challenging.

A growing body of evidence has found
associations between area-level factors
and cardiometabolic health overall and di-
abetes in particular (6—13). However, there
is a significant gap in our knowledge re-
garding how these factors may act to
influence the management of diabetes. In
particular, it is important to distinguish
compositional factors (the individual-level
features of the people who make up a
given area) from contextual factors (fea-
tures of the area itself). This distinction has
significant implications for public health
and health policy. The concept of food
“deserts,” areas with low income and low
physical access to food, has spurred major
policy initiatives involving both the gov-
ernment and the private sector (14). Even
as initiatives designed to address contex-
tual factors have been implemented, many
programs that target individual-level fac-
tors have been cut. For example, the Sup-
plemental Nutrition Assistance Program
(SNAP) (formerly the Food Stamp Program),
which directly combats food insecurity,
hasseenreductionsin benefitlevels, along
with proposals for restricting eligibility and
additional deep financial cuts (15,16).

Given the implications for intervention
programs, distinguishing the health impact
of low physical food access from food
insecurity is highly relevant for policy. Inthis
study, we sought to determine the relative
contribution of individual- and area-level
factorsto glycemic control, based on HbA,,
in patients with diabetes. From prior focus
groups that we conducted, which discussed
barriers to glycemic control in patients with
diabetes, we hypothesized that food in-
security would be associated with worse
glycemic control but that physical food
access would not.

RESEARCH DESIGN AND METHODS

Setting and Study Sample

Data collection methods for the study
have previously been described (17). In
brief, a randomly selected cohort of adult
(aged =21 years) patients with diabetes
(any type) was enrolled between June and
October 2013 from four clinics in eastern
Massachusetts (one academic primary care
practice, two community health centers,
and one specialty diabetes practice). Par-
ticipants completed a questionnaire, in En-
glish or Spanish, consisting of validated

items regarding diabetes history and social
circumstances. Responses to this question-
naire were linked with electronic health record
information from the participant’s primary
care network. Participants were then
followed, without recontact, through their
electronic health records. The social cir-
cumstances survey items queried partic-
ipants regarding their experience over the
12 months prior to instrument adminis-
tration; accordingly, this study used med-
ical record data beginning on 1 June
2012. Participants were passively followed
until 30 November 2016 or their last in-
teraction with the primary care network—
a period of up to 54 months. Study data
were collected and managed using REDCap
(Research Electronic Data Capture) tools
hosted at Partners HealthCare (18). The
Human Subjects Research Committee
at Partners HealthCare approved this
protocol.

Assessment of Food Insecurity and
Physical Food Access
Food insecurity was assessed using the
six-item shortform of the USDA Food Security
Survey Module (19). An example item is,
“‘The food that | bought just didn’t last,
and I didn’t have money to get more.” Was
that often, sometimes, or never true for
you in the last 12 months?” In accordance
with standard scoring, participants who
answered affirmatively (“often” or “some-
times” for items where these were re-
sponse categories and “yes” for items
where “yes” or “no” were the response
categories) to two or more items were
recorded as reportingfood insecurity. Asis
common in the food insecurity and di-
abetes literature, we individualized the
questions and treated food insecurity as
an individual-level factor for analysis pur-
poses, even though it is technically a
household-level factor (4,17,20-22). Five
participants (1% of total) did not have a
complete food insecurity assessment.
Residence in an area of low physical
food access was based on linkage of partic-
ipants’ geocoded addresses to the census
tract—level physical food access data from
the USDA’s Food Access Research Atlas
(5). Participants with addresses that could
not be geocoded, most commonly as a
result of having a post office box listed for
the address, were excluded. Addresses
were updated and regeocoded annually
throughout the study period. It is impor-
tant to distinguish lack of physical food
access (i.e., having a place to purchase

foodinyourarea) fromother limits to food
access, suchasfood insecurity (being unable
to afford food) or the inability to go out
and purchase food owing to disability. There
have been several definitions of low phys-
ical food access used in research. The most
common, and the primary definition for this
study, comes from the USDA’s Food Access
Research Atlas (5). This defines an area of
low physical food access as “a tract with at
least 500 people or 33% of the population
living >1 mile (urban areas) or >10 miles
(rural areas) from the nearest supermar-
ket, supercenter, or large grocery store.”
We also considered an alternative defini-
tion contained in the Food Access Re-
search Atlas that uses a half mile in urban
areas and 10 miles in rural areas as the cut
point. Two other factors are important for
further determining whether a low phys-
ical food access census tract is a food
“desert”: low income level and low access
to motor vehicles (a census tract—level
proxy indicator). To incorporate these
other considerations, we included in our
study three additional census tract—level
variables: median family income, poverty
rate, and an indicator of low vehicle
access (a tract where =100 households
do not have vehicle access and live more
than half a mile from a supermarket). In the
U.S. overall, of 28,541 low physical food
access tracts, 8,959 are considered food
“deserts” (5).

We also examined an alternate meth-
odology for classifying food access: the
Modified Retail Food Environment Index
(mRFELl), created by the Division of Nutri-
tion, Physical Activity, and Obesity at the
Centers for Disease Control and Preven-
tion (CDC) (23). This index is calculated as
the number of healthy food retailersin the
census tract, divided by the total number
of food retailers in the census tract (23).
The mRFEl ranges from 0 to 1 and helps
one to understand both low physical
food access (absence of healthy food
retailers, mRFEI scores = 0) and high
levels of unhealthy food retail, such as a
predominance of fast food restaurants
(mRFEI scores close to, but not exactly,
0), a situation sometimes termed living
in a food “swamp.”

The datafor census tract characteristics
for this study were taken from the USDA’s
Food Access Research Atlas Data Download
2015, the most recent version available,
except for the mRFEl score, which came
from the CDC. The variables in the Food
Access Research Atlas were collected



between 2010 and 2015 and were con-
sidered up to date at the time they were
released. Data on neighborhood eco-
nomic circumstances contained in the
Food Access Research Atlas were collected
by the U.S. Census. The mRFEl score data
were released by the CDC in 2011.

Primary Outcome

The primary outcome for this study was
HbA,. level, which was measured as part
of routine care. Multiple measurements
took place during the study period, and all
measurements were included in analysis of
the outcome as described below. Data were
obtained from the electronic health record.
All HbA, . assays in this care network are
conducted at the same central laboratory,
which is certified by the National Glyco-
hemoglobin Standardization Program. All
available HbA4. values measured during the
study period were included in the analysis.

Covariates

We considered several covariates that
may confound the relationship among
food insecurity, food access, and HbA; . at
both the individual and census tract level.
With the exception of the census tract
variables discussed above, all data came
from the completed questionnaire or the
electronic health record. We considered
the sociodemographic factors of baseline
age (in years), sex, race/ethnicity (catego-
rized as non-Hispanic white, non-Hispanic
black, Hispanic, and Asian/multiple ethni-
cities [multi]/other), educational attain-
ment (less than high school diploma, high
school diploma, or greater than high school
diploma), and health insurance (private,
Medicare, Medicaid [including Medicare-
Medicaid “dual-eligibles”], or self-pay/
uninsured). We also considered health
literacy (17,24) and whether the question-
naire was completed in English or Spanish.
Clinical characteristics considered in-
cluded age at diabetes diagnosis, Charlson
comorbidity score (25), the use of insulin
(of any kind), and 3-hydroxy-3-methyl-
glutaryl-CoA reductase inhibitor (“statin”)
use. To account for access to and engage-
ment in care, we also considered the
frequency of outpatient care visits during
the study period.

Statistical Analysis

We made unadjusted comparisons using
t tests for continuous variables and x°
tests for categorical variables. To analyze
whether food insecurity or living in a low

physical food access area was associated
with greater HbA;., we fit hierarchical
linear mixed models (SAS PROC MIXED).
To do this, we conceptualized HbA;. ob-
servations as being nested within individ-
ual participants and those participants
being nested within censustracts. The cen-
sus tract information was time varying
to correspond with the census tract the
participant was living in at the time of
HbA;. measurement. We first calculated
intraclass correlations, which quantify the
variation explained at each level of the
model: individual and census tract. We did
this by fitting null (intercept only) models,
following the method proposed by Bell
et al. (26), and calculating the percentage
of the variance explained at each level (by
dividing the variance for a given level by
the total variance). For our main analysis,
we fit three-level models with random
effects terms for the individual and census
tract. We included both random intercept
terms as well as random slope terms for
food insecurity and time (at the individual
level) and physical food access indicator
(at the census tract level). This allows the
HbA, . trajectory to vary between groups.
We used an autoregressive covariance
structure to model HbA; levels, as mea-
surements taken closer together in time
aremore likely tobe correlated. We tested
whether the HbA,. trajectory changed
over time by specifying interaction terms.
We used interaction terms to test whether
the temporal trend in HbA, . varied by the
level of food insecurity or physical food
access. In our modeling, variables related
to census tract of residence (low food
access, median family income, poverty
rate, and vehicle access) were time varying
(based on what census tract an individual
was living in at the time of the HbA;,
assessment) and updated annually, while
individual-level variables were time fixed
and collected at baseline. After fitting
regression models, we used least squares
means to calculate predicted HbA; . values
adjusted for the factors in the model.

As sensitivity analyses, we fit the same
models as our main analysis but using al-
ternative indicators for low physical
food access. First, we used the CDC's
mRFEI as a continuous variable. Next, we
categorized low physical food access us-
ing a different distance metric: no sup-
ermarkets within half a milein urban areas
and 10 miles in rural areas. Finally, we fit
a model using a combined food desert
indicator.

All statistical analyses were conducted
inSAS, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Four hundred and eleven participants
completed the survey; 391 of these (95%)
had baseline addresses that could be geo-
coded and were thus included in the study.
The demographic and clinical features of
those participants excluded because they
could not be geocoded were very similar
to the features of those who could be
geocoded (Supplementary Table 1). The
overall mean and median durations of
follow-up were 37 and 41 months, respec-
tively. The mean age of study participants
was 62 years, and the mean duration of
diabetes was 12 years.

Twenty percent of respondents re-
ported food insecurity. The duration of
follow-up and number of HbA;. assess-
ments for respondents with food insecu-
rity did not differ from those for participants
without food insecurity (Table 1). Thirty-
one percent of respondents lived in an
area with low physical food access at
baseline. Fifteen percent of participants
who reported food insecurity were living
in an area with low physical food access,
and 10% of participants living in an area
with low physical food access were food
insecure (P for comparison = 0.0009)
(Fig. 1). Participants who reported food
insecurity were more likely to be racial/
ethnic minorities, have Medicaid insur-
ance, and have low educational attain-
ment compared with those who were
food secure (Table 1). Participants living in
an area with low physical food access were
more likely to be non-Hispanic white. Only
2% of participants lived in a rural area.
Participants with food insecurity had a
greater number of outpatient visits during
the follow-up period.

Intraclass correlations showed that 62%
of the variation in HbA,;. was explained by
individual-level factors (such asage orfood
insecurity), while only 4% of the variation in
HbA,; . was explained by census tract—level
factors (such as povertyratesorlivinginan
area with low physical food access).

In unadjusted results, mean HbA.
was 7.86% (62 mmol/mol) in those who
reported food insecurity versus 7.30%
(56 mmol/mol) in those who did not
(P =0.001), and 7.21% (55 mmol/mol) in
those who lived in a low physical food
access area versus 7.49% (58 mmol/mol)
in those who did not (P = 0.05). In
hierarchical linear models, adjusted for


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc17-1981/-/DC1

Table 1—Demographics and clinical characteristics

Food security status

Food access

Adequate Low
Overall Food secure  Food insecure P access access P

N 391 308 78 271 120
Food insecure (at baseline) 20.21 n/a n/a 24.72 10.08 0.001
Baseline age, years 61.94 (11.90) 63.20(11.88) 56.72 (10.55) <<0.0001 61.21(11.63) 63.58 (12.38) 0.08
Female sex 48.08 47.08 51.28 0.51 47.97 48.33 0.95
Race/ethnicity 0.008 0.002

Non-Hispanic white 79.03 81.82 66.67 74.91 88.33

Non-Hispanic black 7.67 5.84 15.38 9.96 2.50

Hispanic 8.95 7.79 14.10 11.44 3.33

Asian/other/multi 4.35 4.55 3.85 3.69 5.83
Education 0.025 0.002

<High school diploma 14.36 12.01 21.79 17.41 7.50

High school diploma 27.18 29.55 17.95 29.63 21.67

>High school diploma 58.46 58.44 60.26 52.96 70.83
Insurance at baseline 0.02 0.18

Private 50.94 54.83 36.84 48.66 56.36

Medicare 26.42 25.17 30.26 25.67 28.18

Medicaid 13.48 11.03 22.37 15.71 8.18

Uninsured/self-pay 9.16 8.97 10.53 9.96 7.27
Born outside U.S. 20.00 17.86 29.49 0.02 22.96 13.33 0.03
Low health literacy 27.58 24,51 38.46 0.01 31.60 18.49 0.008
Took survey in Spanish 5.12 4.22 8.97 0.09 7.01 0.83 0.01
Age at diabetes diagnosis, years 49.74 (14.05)  50.56 (13.92) 46.19 (14.00)  0.02  48.90(14.06)  51.62(13.90) 0.08
Baseline Charlson score 4.85 (2.98) 4.74 (2.90) 5.22 (3.34) 0.25 4.89 (2.90) 4.78 (3.17) 0.74
Baseline insulin use 53.96 51.30 64.10 0.04 56.09 49.17 0.21
Baseline statin use 83.38 86.36 70.51 0.001 83.76 82.50 0.76
Baseline ACEi/ARB use 81.33 83.44 73.08 0.04 81.55 80.83 0.87
Number of outpatient visits

during study 47.43 (37.54)  44.60 (35.10)  59.08 (45.22) 0.01 50.13 (37.81) 41.26 (36.31) 0.03
Number of HbA;. assessments during

study 10.00 (3.83) 9.84 (3.78) 10.48 (3.98) 0.20 10.19 (3.87) 9.45 (3.53) 0.08
Low food access, 1 and 10 miles 30.69 34,74 15.38 0.001 n/a n/a
Low food access, half a mile

and 10 miles 75.19 78.57 61.54 0.002 n/a n/a
Low vehicle access 33.50 32.79 35.90 0.60 27.68 46.67 0.0002
mRFEI 8.30(7.21) 8.17 (6.78) 8.68 (8.55) 0.69 7.70 (6.91) 9.27 (7.62) 0.09
Median family income of 91,921 96,189 76,104 0.0002 85,808 105,727 <0.0001

census tract, $ (42,945) (42,746) (40,576) (45,420) (32,958)
Census tract poverty rate 12.54 (9.14) 11.34 (8.65) 17.22 (9.69) <0.0001  14.89(9.34) 7.24 (5.87) <0.0001

Data are % or mean (SD) unless otherwise indicated. Food access defined using the 1 mile in urban areas and 10 miles in rural areas definition. Five
(1% of total) participants did not have a complete food insecurity assessment. ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; n/a, not applicable.

age, sex, race/ethnicity, education, in-
surance, health literacy, survey language,
age at diabetes diagnosis, Charlson
comorbidity score, insulin use, statin
use, outpatient visits, food access, vehicle
access, median family income, and cen-
sus tract poverty rate, food insecurity
was associated with higher HbA, . (differ-
ence 0.6% [6.6 mmol/mol], 95% Cl 0.4-0.8
[4.4-8.7], P = <0.0001) (Table 2). There
was no evidence that the difference
improved over time (estimated change
in difference per month —0.003% [less
than —0.1 mmol/mol], P=0.50) (Fig. 2and

full model in Supplementary Table 2). In
models adjusted for the same factors,
living in an area with low physical food
access was not associated with an overall
difference in HbA;. compared with living
in areas of adequate food access (differ-
ence 0.2%[2.2 mmol/mol],95% Cl —0.2 to
0.5 [—2.2 to 5.5], P = 0.33) and was not
associated with change in HbA, . overtime
(change in difference per month —0.007%
[less than —0.1 mmol/mol], P = 0.07) (full
model in Supplementary Table 3).
Sensitivity analyses using alternative
definitions of neighborhood food access,

which adjusted for the same covariates as
the main analyses, yielded similar results.
When physical food access was defined by
the mRFEl, this contextual factor was still
not associated with HbA; . (P=0.56), while
food insecurity was associated with 0.7%
[7.7 mmol/mol] higher HbA, . (P < 0.0001)
compared with food-secure participants
(full model in Supplementary Table 4).
When we used the half milein urban areas
and 10 miles in rural area definition,
low physical food access was also not
associated with HbA,. (P = 0.91) and
food insecurity was still associated with
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Food Insecure

Low Food Access

Figure 1—Proportional Venn diagram showing overlap between those with food insecurity and those
living in a census tract with low physical food access (1 mile in urban area and 10 miles in rural area
definition). Seventy-eight (20%) participants were food insecure, 120 (10%) lived in an area of low
physical food access, and 12 (3%) were both food insecure and lived in an area of low physical food

access.

increased HbA;. (0.5% [5.5 mmol/mol],
P = <0.0001) (full model in Supple-
mentary Table 5). Results were essentially
unchanged when we fit a model with a
combined indicator of low census tract
income and physical food access (food
“desert”). The difference for those re-
porting food insecurity compared with
food security remained significant (0.5%
[5.5mmol/mol], P=<0.0001), while there
was no significant difference in HbA, for
those living in food deserts versus those
who did not (P = 0.35) (full model in
Supplementary Table 6). Examining the
distribution of outpatient visit frequency
or number of HbA,. assessments did not
suggest that differences in these factors
between groups would explain the ob-
served results (Supplementary Table 7).
We did not find evidence of a time-by-

education (an indicator of individual-level
socioeconomic status) interaction that
would confoundtheresultsreported (Sup-
plementary Table 8). Sequential model
building revealed that the results were
robust across several progressively more
complex modeling specifications (Supple-
mentary Table 9).

CONCLUSIONS

In this longitudinal study of patients with
diabetes, we found that individual-level
factors, such as food insecurity, explai-
ned substantially more of the variation
in HbA;. than census tract-level factors,
such as low physical food access. Food
insecurity was associated with ~0.6%
(6.6 mmol/mol) higher HbA,. This differ-
ence did not improve over time despite
higher use of clinical services by those with

Table 2—HbA, . by food insecurity and food access

food insecurity. We did not find evidence
thatlivingin an area with low physical food
access was associated with worse glyce-
mic control.

These findings extend our understand-
ing of food insecurity and food access
among patients with diabetes. Prior cross-
sectional studies have demonstrated an
association between food insecurity and
higher HbA, (4,21,27,28), but there have
been few longitudinal studies. A recent
study in Illinois also found an associa-
tion between food insecurity and greater
HbA,. at baseline, with a slightly greater
decrease in HbA;. over time for food-
insecure, compared with food-secure,
participants (29). However, the lllinois
study examined a more limited set of
potential confounders and did not exam-
ine area-level factors. There have been
few previous studies of physical food
access and HbA;.. One study in the San
Francisco Bay Area found that losing
or gaining a supermarket in a neighbor-
hood was not associated with meaning-
ful change in HbA;. (30). Prior studies of
BMI and neighborhood food access in
patients with diabetes also have gener-
ally not found an important association
(31-33). We also think it is important to
note that our findings regarding who
residesin areas of low physical food access
do not correlate well with common percep-
tions of who livesin these areas, as we found
fewer racial/ethnic minorities and higher
educational attainment in these areas. This
is consistent with national data showing that
low physical food access and low income
census tracts do not have a high degree of
overlap (5) and may challenge common
perceptions of who lives in a low food
access census tract. Further, while our
study took place in an urban context, prior
work in rural areas has also found that

Adjusted baseline  Difference Average slope [change per month Difference in change per month
HbA;., % (95% Cl) (95% Cl) P in HbA;., % (95% Cl)] in HbA;., % (95% Cl) P
Food insecure 7.6 (7.3-7.9) 0.6 (0.4-0.8) <0.0001 0.0002 (—0.01 to 0.01) —0.003 (—0.01 to 0.01) 0.50
Food secure 7.0 (6.8-7.3) 0.003 (—0.001 to 0.007)
Low food 7.4 (7.1-7.7) 02(—02to 033 —0.003 (—0.02 to 0.001) —0.007 (—0.02 to 0.001) 0.07
access 0.5)
Adequate food
access 7.3 (7.0-7.5) 0.005 (0.0004-0.009)

Data are means, and the difference in mean HbA,. was calculated using least squares means from the regression models presented in Supplementary
Table 2 (for food security) and Supplementary Table 3 (for food access). Food access defined using the 1 mile in urban areas and 10 miles in rural
areas definition. In addition to the exposures of interest, models were adjusted for age, age squared, sex, race/ethnicity, education, insurance, health
literacy, language, age at diabetes diagnosis, baseline Charlson comorbidity score, insulin use, statin use, number of outpatient care visits, census tract
median family income, census tract poverty rate, and census tract vehicle access.
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Figure 2—Predicted mean HbA. values with SE bars from the models described in Supplementary Table 2 (left) and Supplementary Table 3 (right), by
6-month increments, comparing those who reported food insecurity and those who are food secure (left) and those who lived in neighborhoods with
adequate and poor food access (right). In addition to the exposures of interest, models were adjusted for age, age squared, sex, race/ethnicity, education,
insurance, health literacy, language, age at diabetes diagnosis, baseline Charlson comorbidity score, insulin use, statin use, number of outpatient care visits,
census tract median family income, census tract poverty rate, and census tract vehicle access.

more deprived areas may, paradoxically,
have closer food access (34). It is worth
noting, however, that area poverty is
associated with decreases in supermarket
availability over time (35). Finally, this
study may highlight alimitation of current,
geographic information system—based
methodsforassessing the food environment.
Measures that incorporate an individual's
subjective view of their food environment
may correlate better with health outcomes.

Though the mechanism by which food
insecurity may be related to higher HbA;.
is not clear, proposed mechanisms sup-
ported by prior studies include lower dietary
quality (36); increased trade-offs between
food and medications (37,38), resulting in
reduced medication adherence; and in-
creased psychological distress (39) related
to food insecurity. Longitudinal studies
to examine these relationships may offer
insight into how best to address food in-
security and improve management of
diabetes.

Although this study did not find an
association between glycemic control
and physical food access, this should be
considered within a larger context. Be-
sides physical food access, there are other
elements of the food environment that
may impact self-management of diabetes
and could be studied in future work. Other
considerations in access to healthy foods
include food affordability, food quality,
and individual food preferences. We also
think it is important to note that while
physical food access did not have strong

associations with glycemic control, this
is only one element of diabetes self-
management that physical food access
interventions might try to address. Other
health outcomes, such as weight and men-
tal health, may have stronger associations
with area food access. In addition, improving
physical food access could indirectly lead to
health benefits by driving economic growth,
generating tax revenue to support public
services, and improving neighborhood
livability.

Given their potential broad impact on
overall health and many other conditions
besides diabetes per se, we should not
eschew interventions to improve phys-
ical food access. Rather, combining food
access interventions with interventions
that directly address food insecurity may
be more likely to improve diabetes out-
comes specifically. Health care systems
might consider routinely measuring food
insecurity in those with suboptimal glyce-
mic control and then using strategies to
address food insecurity once it has been
identified. Such strategies might include
assistance with enrollment in SNAP, in-
terventions that link patients to commu-
nity resources (40), work with local food
banks (41), or prescriptions for healthy
food (42). Since these interventions rely
on having community resources for pa-
tients to use, however, there is a clear
interrelationship between individual- and
area-level factors that should be con-
sidered. In highly vulnerable neighbor-
hoods, addressing both compositional and

contextual factors is likely needed (for
example, both improving food access
and reducing food insecurity to optimize
an individual’s ability to manage diabe-
tes). Cuts to Farm Bill-supported nutrition
programs such as SNAP, as are currently
proposed (16), would likely make address-
ing food insecurity more difficult for vul-
nerable patients.

The findings of this study should be
interpreted in light of several limitations.
Food security assessment occurred at a
single time point, and so if the food security
status of participants changed during the
study period, this could lead to misclassi-
fication, which may bias results toward the
null. Next, this study was conducted within
a health care network in predominately
urban eastern Massachusetts. While the
occurrence of both food insecurity and low
physical food access was similar to overall
national averages (3-5), the results may
not generalize to other areas. Next, be-
cause thestudy relied on self-report, there
is the possibility of recall error. However,
food insecurity is an inherently subjective
concept, so there is no measurement al-
ternative. Additionally, we used adminis-
trative records where possible (e.g., for
laboratory values, number of clinic visits,
and insurance information) to minimize
reliance on self-reported information.
Area-level data used in the study were
the most recent available, but changes in
neighborhood characteristics that were
not captured in the data sets used may
have resulted in misclassification. Finally,
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unmeasured confounding is always a
threat to validity in observational studies
such as this one. These limitations are
balanced by several strengths, however.
This was a longitudinal study, few patients
were lost to follow-up, and there was
detailed assessment of both individual-
and area-level factors to permit adjust-
ment for measured confounders.

Among patients with diabetes, food
insecurity, but not physical food access,
was associated with substantially worse
glycemic control that did not improve de-
spite higher frequency of outpatient visits.
These findings suggest that interventions
to improve glycemic control in vulnera-
ble patients with diabetes should consider
addressing food insecurity systematically
and highlight the importance of distinguish-
ing between compositional and contextual
factors that may contribute to poor health.
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