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We estimated associations between neighborhood supermarket gain or loss and glycemic control (assessed by
glycated hemoglobin (HbA¢) values) in patients from the Kaiser Permanente Northern California Diabetes Registry
(n = 434,806 person-years; 2007—2010). Annual clinical measures were linked to metrics from a geographic infor-
mation system for each patient’'s address of longest residence. We estimated the association between change in
supermarket presence (gain, loss, or no change) and change in HbA value, adjusting for individual- and area-level
attributes and according to baseline glycemic control (near normal, <6.5%; good, 6.5%—7.9%; moderate, 8.0%—
8.9%; and poor, >9.0%). Supermarket loss was associated with worse HbA trajectories for those with good, mod-
erate, and poor glycemic control at baseline, while supermarket gain was associated with marginally better HbA;¢
outcomes only among patients with near normal HbA. values at baseline. Patients with the poorest baseline HbA.
values (>9.0%) had the worst associated changes in glycemic control following either supermarket loss or gain. Differences
were not clinically meaningful relative to no change in supermarket presence. For patients with type 2 diabetes mellitus,
gaining neighborhood supermarket presence did not benefit glycemic control in a substantive way. The significance of
supermarket changes on health depends on a complex interaction of resident, neighborhood, and store characteristics.

diabetes management; food availability; neighborhood characteristics

Abbreviations: Cl, confidence interval; HbA ., glycated hemoglobin; KPNC, Kaiser Permanente Northern California.

The prevalence of type 2 diabetes mellitus is a major public
health concern (1, 2). This chronic condition is characterized by
insulin resistance and elevated blood sugar (hyperglycemia),
which can lead to serious complications, including heart dis-
ease, stroke, blindness, kidney failure, and loss of digits or
limbs. Eating a balanced diet rich in fruits, vegetables, whole
grains, and lean proteins—and limited in sugar and refined
carbohydrates—can help improve glycemic control and pre-
vent or delay these complications (3).

The food retail options available where an individual lives
may shape daily dietary choices and support or hinder indi-
vidual efforts to self-manage this chronic condition (4). A
growing number of governmental and nonprofit institutions
are funding policy initiatives to subsidize the development
of supermarkets and other fresh food retail in underserved
neighborhoods (5-8). Such policies were developed under the
assumption that the introduction of supermarket retail would

deliver positive health benefits for area residents; however,
this assumption is largely untested. Research on the health
effects of community food retail interventions is still in nascent
stages, with few longitudinal analyses to date. In recent years,
a handful of studies examined diet and weight outcomes before
and after neighborhood changes in supermarket retail but
found no associations (9-12).

Virtually nothing is known about how neighborhood food
retail changes affect disease management outcomes among
the most clinically vulnerable residents who already have a
chronic condition. Given that eating a nutritious diet is criti-
cal for glycemic control, the opening of the first supermarket
in a food desert or the closure of the last remaining neighbor-
hood supermarket could have a glycemic result on diabetic
residents. Moreover, among residents with diabetes, those
with worse glycemic control may be differentially affected
by supermarket development and closure, because they may
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have the most to gain from new access and the most to lose
from a loss of local fresh food retail.

Using data from the Kaiser Permanente Northern California
(KPNC) Diabetes Registry for a period of 4 years (2007-2010),
we estimated the associations between a gain or loss of neigh-
borhood supermarket presence with changes in glycemic con-
trol (based on glycated hemoglobin (HbA,.) values) among
patients with type 2 diabetes, stratified by baseline HbA .
levels. Relative to no change in neighborhood supermarket
presence, we hypothesized that the opening of the first super-
market in a neighborhood (hereafter referred to as “‘supermarket
gain”) would be associated with better HbA . trajectories
(i.e., larger HbA,. reductions or smaller HbA . gains) and
that the closure of the last supermarket in a neighborhood
(here termed “supermarket loss””) would be associated with
worse HbA . trajectories (i.e., smaller HbA . reductions or
greater HbA | gains) in all strata. Moreover, we hypothesized
that patients with worse HbA . levels at baseline would have
the greatest relative HbA . reduction from supermarket gain
and the greatest relative HbA . increase from supermarket
loss.

METHODS
Study sample

The sample was drawn from the KPNC Diabetes Registry
(13), a dynamic cohort of KPNC health-plan members with a
history of diabetes ascertained from clinical and laboratory-
based diagnoses. KPNC is a large, integrated not-for-profit
health-care delivery system that provides care for approxi-
mately one-third of the residents in its service area in North-
ern California. A unique medical record number assigned to
each member was used to link comprehensive clinical re-
cords with geospatial measures at each member’s geocoded
address at the census block centroid of record. The study
period spanned 4 years from January 1, 2007, to December 31,
2010, with clinical measurements in each calendar year. Each
subject’s baseline was defined as his or her first year in the
study. Data collection methods were approved by the KPNC
Ethics Review Board, and written informed consent was
waived.

Inclusion/exclusion criteria

Of all Registry members with type 2 diabetes mellitus,
no end-stage renal disease, and at least 1 HbA,. record
(n = 229,778 subjects), we excluded members with invalid
address data (n = 11,579 subjects) as well as members with
evidence of bariatric surgery, positive pregnancy test, or cancer
diagnosis within 1 year before or after the study period
(n = 33,676 subjects). Additionally, we restricted the sample
of observations to limit residential mobility by retaining obser-
vations that corresponded to years at each subject’s longest
address of residence (excluded n = 76,204 person-years).
Thus, for example, if a subject moved in the fourth year of the
study period, we retained the first 3 years of observations, and
if a subject moved in the first year, we retained the last 3 years
of observations. Finally, we excluded subjects with less than
2 years of observations (after imputation) and removed potential

outliers by dropping observations with extreme annual HbA .
change in the top or bottom 0.5% of the frequency distribution
(n = 24,523). This left a final analytical sample of 160,000
subjects who contributed a total of 434,806 person-years.

Outcome: change in HbA, .

Individual-level change in annual average HbA . (calculated
as the average of all available HbA ;. measures over the course
of the calendar year) was the primary outcome of this study.
HbA . assays were ordered over the natural course of patient
medical care and were conducted using high-performance
liquid chromatography at a single KPNC central laboratory.

Exposure: change in supermarket neighborhood
presence

In each year of the study period, we mapped updated retail
locations of supermarkets and large grocery stores (with
more than $2 million in sales annually and >2,499 square
feet in floor area) based on InfoUSA (Papillion, Nebraska)
business establishment data as of January 1st of each year, as
distributed through ESRI Inc. (Redlands, California) (14).
Store type designations in the commercial list were cleaned
and reclassified based on Standard Industrial Codes (SIC) of
businesses as well as by keyword searches and name recogni-
tion (Web Appendix 1, available at http://aje.oxfordjournals.
org/). We created an indicator for supermarket presence in a
subject’s neighborhood, defined as a within-1-mile street net-
work buffer around the census block centroid of each mem-
ber’s residential address, using ArcGIS 10.1 (ESRI Inc.) (15).
Change in neighborhood presence of supermarkets compared
with the previous year was then transformed into 3 mutually
exclusive indicator variables: supermarket gain, no change,
and supermarket loss.

Supermarket gain refers to the development of the first
supermarket in a neighborhood without any supermarkets in
the previous year. Similarly, supermarket loss refers to the
closure of the last neighborhood supermarket, such that no
neighborhood supermarkets are open in the current year. No
change refers to the absence of both of these conditions. We
developed these definitions under the assumption that, with
respect to neighborhood health, the marginal benefit provided
by each new supermarket is greatest with the first neighborhood
supermarket and the marginal health cost of each neighborhood
supermarket closure is greatest with the last supermarket
closure.

Covariates: change in individual and neighborhood
characteristics

Using InfoUSA business establishment data (Web Appen-
dix 1), the physical activity kernel density (e.g., parks,
camps, gyms, and recreation centers) and unhealthful food
outlet kernel density (fast food outlets and convenience
stores) within a mile of each member’s census block centroid
were estimated using a quadratic function for inverse dis-
tance weighting. Additionally, census-block group measures
of population density, percent of population under the fed-
eral poverty level, and median self-reported home value were
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obtained from the 2005-2009, 2006-2010, 2007-2011, and
2008-2012 5-year aggregate American Community Survey
(ACS) releases. Aggregate estimates were assigned to the
middle year of the 5-year period in panel data (16).

The Charlson Comorbidity Index was calculated from prior-
year clinical records and serves as a validated measure of
10-year mortality risk based on the presence of 22 comorbid
conditions (17, 18). Additionally, we created an indicator for
the use of diabetes treatment medications that may lower
HbA . levels, including insulin, sulfonylurea, metformin, and
thiazolidinediones.

Missing data

Missing values for both HbA . and Charlson Comorbidity
Index were imputed using chained equations as described in
Web Table 1. Given that standard errors were estimated using
bootstrapping, a single stochastic imputation was drawn for
each missing value in each bootstrap iteration (19).

Statistical analyses

We estimated the association of change in neighborhood
supermarket presence on individual-level HbA,. using a
first-difference regression model (20) (model 1) in Stata, ver-
sion 12 (StataCorp LP, College Station, Texas) (21).

Model 1:

Alcy; — Alcy_1 =B, + B,(Supermarket Gain)
+B, (Supermarket Loss)+ B3 (w;; — wi—1) + €;

In which i subscripts the individual, ¢ subscripts the year,
and wy is a vector of covariates including Charlson Comor-
bidity Index, diabetes medication use, physical activity venue
density, unhealthful food outlet density, population density,
percent under the federal poverty level, and median housing
value. Based on the distribution of certain continuous vari-
ables (Charlson Comorbidity Index, physical activity venue
density, unhealthful food outlet density, population density,
percent under the federal poverty level, and median housing
value), quadratic and cubic polynomials were included. f, esti-
mates the relationship between supermarket gain and change
in HbA,. (compared with no supermarket-presence change),
and B, estimates the relationship between supermarket loss and
change in HbA . (compared with no supermarket-presence
change).

Subjects were stratified by baseline HbA,. (categories:
<6.5%, 6.5%-7.9%, 8.0%-8.9%, and >9.0%) and first-
difference models were estimated for each stratum sepa-
rately. Because all observations for each subject reflect time
at a single address (the address of longest residence), within-
subject changes in supermarket exposure from year to year
can be attributed to supermarket developments and closures
rather than to changes in residence.

Observations for each subject were inverse weighted by
the subject’s total contributed person-years of differenced
observations to upweight subjects with fewer years of data.
To account for a correlated error structure, empirical confi-
dence intervals were calculated from 1,000 nonparametric
bootstrap iterations of the data-imputation and model-fitting
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process. Sensitivity analyses (models 2-5) were conducted
to test the robustness of estimates to more conservative model
specifications that account for several potential sources of bias
(details in Web Table 2).

RESULTS

There was no significant change in HbA,. over time,
although comorbidity scores did increase over the course of the
study (Table 1). Additionally, median home prices declined,
and poverty rate and population density increased over time.
Changes in neighborhood supermarket presence were rare.
Over the 4-year period and for each baseline HbA . stratum,
approximately 7% of subjects experienced at least 1 annual
gain in neighborhood supermarket presence where there had
been no supermarkets in the previous year, and approximately
8% of subjects experienced at least 1 annual loss of neighbor-
hood supermarket presence such that no supermarkets re-
mained. Individual and neighborhood-level characteristics
according to baseline HbA . strata are presented in Web
Table 3.

Overall, patients with the lowest HbA . at baseline experi-
enced the greatest annual increase in HbA. and patients
with the highest HbA . at baseline experienced the greatest
annual decrease in HbA . (Figure 1). This pattern is not sur-
prising and may reflect regression to the mean.

However, within each stratum of baseline HbA . values,
change in neighborhood supermarket presence was associated
with different magnitudes and directions of annual HbA,,
change. Among patients with the lowest HbA . values, those
with no change in supermarket presence experienced an aver-
age annual increase in HbA;. of 0.10% (95% confidence
interval (CI): 0.10, 0.11), patients who gained neighborhood
supermarket presence had values increase by 0.08% (95% CI:
0.07, 0.11), and patients who lost neighborhood supermarket
presence had values increase by 0.13% (95% CI: 0.10, 0.15).
Among patients with the highest HbA . values at baseline,
those with no change in supermarket presence experienced a
decrease in HbA . of —0.49% (95% CI: —0.47, —0.50), while
those who gained or lost neighborhood supermarket presence
had a decrease of —0.39% (95% CI: —0.26, —0.47) or —0.33%
(95% CI: —0.25, —0.43), respectively.

In stratum-specific adjusted associations between changes
in neighborhood supermarket presence (i.e., supermarket gain
(B,) or supermarket loss (f3,) and HbA . change), the reference
category is no change in presence (Figure 2). Supermarket gain
was not associated with HbA . trajectories relative to the ref-
erence category among patients with near normal (<6.5%)
glycemic control at baseline: —0.02% (95% CI: —0.03, 0.01).
For patients with good (6.5%—7.9%) or poor (>9.0%) glyce-
mic control, supermarket gain was associated with slightly
worse HbA . trajectories (greater gains or smaller reductions)
compared with the reference category (good control: change =
0.05%, 95% CI: 0.02, 0.08; poor control: change = 0.10%,
95% CI: 0.01, 0.21). Compared with the reference category
of no change in presence, neighborhood supermarket loss
was associated with worse HbA . trajectories (greater gains
or smaller reductions) for all patient strata. However, the
magnitude of the association between supermarket loss and
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Table 1. Individual- and Neighborhood-Level Characteristics of the Study Sample (After Imputation), Kaiser Permanente Northern California

Diabetes Registry, 2007-2011

2007 2008 2009 2010
Characteristic (n=143,152) (n=143,152) (n=146,324) (n=145,328)
Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %
Individual-Level Variables
Age 61.9(12.6) 62.9 (12.6) 63.7 (12.6) 64.7 (12.6)
Female sex 47.0 46.8 46.9 46.8
Race
Asian 18.0 18.0 18.1 18.0
Black 9.3 9.3 9.4 9.3
Hispanic (nonwhite) 20.0 20.0 19.9 20.0
White 46.2 46.2 46.0 46.1
Other 6.5 6.5 6.5 6.5
BMI? 31.6(7.1) 31.5(7.2) 31.5(7.2) 31.4(7.2)
HbA:¢
NGSP, % 7.3% (1.4%) 7.1% (1.4%) 7.2% (1.4%) 7.2% (1.4%)
IFCC, mmol/mol 56 (15.3) 54 (15.3) 55(15.3) 55(15.3)
Comorbidity score 1.8(1.2) 2.0(1.5) 2.2(1.6) 2.3(1.6)
Using insulin, thiazolidinediones, 66.0 67.9 67.4 66.7
metformin, or sulfonylureas
Neighborhood-Level Variables
Any supermarket presence 54.0 54.0 52.6 52.2
Gained supermarket presence 2.0 2.5 2.5
(vs. prior year)
Lost supermarket presence 2.0 3.8 2.7
(vs. prior year)
Fast food and convenience store, 1.2(1.2) 1.1(1.2) 1.2(1.2) 1.2(1.2)
no. in 1-mile network radius
Physical activity venue, no. in 1.5(1.7) 1.4(1.7) 1.4(1.7) 1.5(1.7)
1-mile network radius
Median home price, $ 509,305 (216,743) 483,864 (227,225) 446,250 (232,101) 413,092 (235,830)
Poverty rate, % 10.0(9.7) 10.4(10.3) 11.0(10.6) 11.7(10.9)
Population per square mile 8,084 (8,396) 8,298 (8,801) 8,354 (8,866) 8,396 (8,890)

Abbreviations: BMI, body mass index; HbA ., glycated hemoglobin; IFCC, International Federation of Clinical Chemistry; NGSP, National Glyco-

hemoglobin Standardization Program; SD, standard deviation.
aBMI was calculated as weight (kg)/height (m)>2.

HbA,. change was greatest among patients with moderate
(change = 0.12%, 95% CI: 0.03, 0.16) or poor (change =
0.16%, 95% CI: 0.05, 0.23) glycemic control at baseline.

In sensitivity analyses (Web Table 2), we found similar re-
sults in unadjusted models, models that adjusted for year effects
and subject fixed effects, and in the complete-case analysis.
Additionally, the estimated associations between supermar-
ket gain or loss and HbA . change did not differ by neighbor-
hood poverty rate. However, in the long-difference model,
which examined changes over 4 years, no significant asso-
ciations were found.

DISCUSSION

To our knowledge, this is the first longitudinal study to esti-
mate the influence of neighborhood supermarket availability

on disease-management outcomes for residents with a chronic
condition. The sheer size of the KPNC analysis sample pro-
vided us with the power to detect small effect sizes that
would have been statistically ambiguous in smaller studies.
Furthermore, several of the measures and analytical methods
employed in this study are relatively novel in the literature
addressing neighborhoods and health and may serve as a
model for future research.

As we expected, relative to no change in supermarket pres-
ence, supermarket loss was associated with worse HbA . tra-
jectories. Also in line with expectations, patients with the
poorest glycemic control at baseline appeared to have the
largest relative HbA . increase following supermarket loss.
However, in contrast to our hypotheses, supermarket gain
was not associated with better HbA . trajectories. In fact,
supermarket gain was associated with relatively worse

Am J Epidemiol. 2017;185(12):1297-1303
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Figure 1. Annual adjusted change in glycated hemoglobin (HbA;¢)
by baseline HbA,. values and change in neighborhood supermarket
presence, Kaiser Permanente Northern California Diabetes Registry,
2007-2011. Annual HbA,; change for each category of change in
supermarket presence (square: neighborhood supermarket presence
gain; triangle: no change in neighborhood supermarket presence; circle:
neighborhood supermarket presence loss), presented by baseline
HbA.. Estimates were adjusted for Charlson Comorbidity Index, diabe-
tes medication use, physical activity venue density, unhealthful food outlet
density, population density, poverty rate, and median census-block-
group housing value. Baseline sample sizes according to HbA. stra-
tum: >9.0% n = 18,343 persons; 8.0%—8.9%, n = 18,013 persons;
6.5%—7.9%, n = 75,123 persons; <6.5%, n = 48,521 persons. Percentile-
based confidence intervals were obtained from 1,000 bootstrapped itera-
tions of the data imputation and model estimation procedure.

HbA,, trajectories among patients with poor glycemic con-
trol at baseline compared with no change in supermarket
presence.

Isolating the impact of local food retail on health is challeng-
ing given that many factors influence the selection of residents
and retail into neighborhoods, each of which may indepen-
dently affect health. Residential selection processes may bias
study findings if people choose residential neighborhoods
based on factors that are correlated with health outcomes
(e.g., individuals with healthier lifestyles may be more likely
to prioritize convenient access to supermarkets) (22). Retail
selection is also problematic, because stores locate in neigh-
borhoods based on factors correlated with individual health
outcomes (e.g., local economic growth or population density).

We tested the robustness of our estimates to more conserva-
tive model specifications in sensitivity analyses, and we found
that although sensitivity analysis estimates were attenuated
(Web Table 2), they were consistent with primary analysis
results. The associations that we found between neighbor-
hood change in supermarket availability and change in HbA .
values were not explained by secular time trends or patient-level
differences in HbA |, trajectories. Nor did the findings appear
to be an artifact of the data-imputation process. Moreover,
while baseline HbA . was strongly correlated with neighbor-
hood poverty, the pattern of effect modification by baseline
HbA . does not appear to be attributable to underlying group
differences in neighborhood affluence.

Overall, the estimated associations between change in
supermarket presence and change in HbA . were small rela-
tive to the influences of standard pharmaceutical and lifestyle

Am J Epidemiol. 2017;185(12):1297—1303
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Figure 2. Adjusted associations between change in neighborhood
supermarket presence and change in glycated hemoglobin (HbA.)
values, Kaiser Permanente Northern California Diabetes Registry,
2007-2011. Adjusted associations between change in presence of
neighborhood supermarkets (square with solid error bars: neighbor-
hood supermarket presence gain; circle with dotted error bars:
neighborhood supermarket presence loss) and annual change in
HbA ., relative to the reference category of no change in neighbor-
hood supermarket presence. Associations were adjusted for Charl-
son Comorbidity Index, diabetes medication use, physical activity
venue density, unhealthful food outlet density, population density,
poverty rate, and median census-block-group housing value. Base-
line sample sizes HbA;; stratum: >9.0%, n = 18,343 persons;
8.0%—8.9%, n = 18,013 persons; 6.5%—7.9%, n = 75,123 persons;
<6.5%, n = 48,521 persons. Percentile-based confidence intervals
were obtained from 1,000 bootstrapped iterations of the data impu-
tation and model estimation procedure.

recommendations such as metformin (23), exercise (24), and
nutrition therapy (25) and would not be considered clinically
significant. Additionally, it is important to note that the asso-
ciations between supermarket gain or loss and change in HbA
were not observed in long-difference regression models and
thus appear to be short-lived.

We propose several possible explanations for our findings.
First, both gains and losses of neighborhood supermarket avail-
ability constitute major disruptions to the local retail environ-
ment and to household routines of food acquisition, preparation,
and consumption. A change in the food retail environment may
trigger food purchasing changes as residents adapt to different
shopping opportunities. Observed differences in associations
across baseline HbA . strata may be due to differences in how
patients adapt to this change. Patients with better control of
their chronic condition may be better able to leverage the
healthful food resources in the supermarket to improve their
metabolic outcomes. On the other hand, patients who strug-
gled to maintain glycemic control at baseline may have a
harder time adjusting to either gains or losses in neighbor-
hood supermarket availability.

Observed differences in estimates across patient strata
may also be due to underlying differences in neighborhood
supermarket attributes. Supermarkets vary widely by cate-
gory (e.g., chain vs. independent, ethnic vs. nonethnic, dis-
count vs. premium) and in-store characteristics (e.g., food
availability, variety, product mix, and quality). Our study
estimated an average association across all supermarkets and
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did not account for the influence of store-specific characteris-
tics. This is a limitation of our analysis.

Last, our estimates may be confounded by unmeasured
concurrent neighborhood changes. Although we adjusted for
changes in the density of fast food outlets and convenience
stores, neighborhood supermarket gain may be accompanied
by the development of other food retail, such as full-service
restaurants and bars. These specific food retail changes were
omitted in our study but may nonetheless affect HbA . values.
Alternatively, supermarket closure may be a symptom of
general neighborhood disinvestment leading to the deterio-
ration or loss of unmeasured health assets such as a com-
munity center or clinic. While we adjusted for changes in
several neighborhood-level attributes, inaccurate measure-
ment of these covariates or omission of other time-varying
neighborhood factors could bias our results.

Our study has several other limitations. First, this sample
represents an insured population of patients with type 2 dia-
betes who regularly obtain HbA . assessments, and results
may not be generalizable to other populations. Although we
made efforts to minimize selection bias through missing data
imputation and regression weighting, subjects who failed to
contribute a single HbA . assessment and subjects with non-
geocodable addresses were excluded from analyses. Second,
the time lag between neighborhood supermarket change
and measurement of HbA . is also an important consideration
for the interpretation of our findings. Our annual measures
of neighborhood retail reflect store changes in the preceding
calendar year. Thus, the actual time interval between change
in neighborhood supermarket presence and patient HbA .
assessment could vary from as short as 1 day to as long as
24 months.

Even with these limitations, we believe that this policy-
relevant study makes a valuable contribution to the literature.
In several influential cross-sectional studies, decreased prox-
imity and availability of supermarkets have been associated
with lower consumption of fruits and vegetables, poorer
adherence to dietary guidelines, and greater risk of obesity
(26-30). While associations are not indicative of a causal
relationship, these findings have shaped the public percep-
tion of supermarkets as community health assets (31, 32).
Conversely, neighborhoods that lack supermarket presence
(i.e., food deserts) are increasingly targets for policy inter-
vention (33).

Supermarket availability is commonly used as a proxy for
neighborhood healthful food availability, but this practice is
overly simplistic and may mislead policy makers to prioritize
supermarket development over other policy solutions. Future
longitudinal studies in this research domain should adopt
more nuanced measures of healthy food availability that take
into account within-store characteristics such as affordabil-
ity, quality, product mix, and variety.

While access to healthful food is a necessary condition for
the successful management of chronic conditions, our find-
ings suggest that supermarket presence is not sufficient.
Supermarkets offer a wide array of both healthful and un-
healthful foods and the net influences of supermarket devel-
opment and closure on health likely depend on a complex
interaction of individual behavioral, neighborhood, and store
characteristics.
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