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Objectives. To determine whether food bank provision of self-management support

and diabetes-appropriate food improves glycemic control among clients with diabetes.

Methods.We screened 5329 adults for diabetes at food pantries (n = 27) affiliated with
food banks in Oakland, California; Detroit, Michigan; and Houston, Texas, between
October 2015 and September 2016. We individually randomized 568 participants with
hemoglobin A1c (HbA1c) 7.5% or greater to waitlist control or 6-month intervention
including food, diabetes education, health care referral, and glucose monitoring. The
primary outcome was HbA1c at 6 months.

Results. Food security (relative risk [RR] = 0.85; 95% confidence interval [Cl] =0.73, 0.98),
food stability (RR=0.77;95% Cl = 0.64, 0.93), and fruit and vegetable intake (risk difference
[RD]=0.34; 95% Cl=0.34, 0.34) significantly improved among intervention participants.
There were no differences in self-management (depressive symptoms, diabetes distress,

self-care, hypoglycemia, self-efficacy) or HbA1c (RD=0.24; 95% CI=-0.09, 0.58).

Conclusions. Food banks are ideally situated to provide diabetes-appropriate food to
food-insecure households. Effective strategies for food banks to support improvements
in diabetes clinical outcomes require additional study.

Public Health Implications. Moving chronic disease support from clinics into commu-
nities expands reach into vulnerable populations. However, it is unclear how community
interventions should be integrated with clinical care to improve disease outcomes.

Trial Registration Number. NCT02569060 (Am J Public Health. 2018;108:1227-1234.

doi:10.2105/AJPH.2018.304528)

ncome-related disparities in health persist

despite sustained attention from the public
health and health care sectors.! Decades of
research have shown that low socioecono-
mic status predisposes to poor health across
multiple dimensions; more recent work fo-
cuses on reducing the negative health impacts
of social determinants by implementing in-
terventions tailored to high-risk populations,
such as low-income adults with diabetes.

While diabetes prevalence has risen across
the entire population, it is particularly high in
the United States among the lowest-income
adults, with 17.8% of the lowest-income
tertile aftected compared with 11.5% and
8.0% of the middle- and highest-income
tertiles, respectively.” These adults are also at
highest risk for food insecurity or the lack of
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consistent access to enough food for an active,
healthy life; approximately 37% of low-
income (< 130% of the federal poverty level)
households in the United States are food-
insecure.” Food insecurity may partially
explain the observation that diabetes
interventions are less effective in the lowest-
income populations. Diet is a cornerstone
of diabetes self-management, but diabetes-

appropriate diets are more expensive and
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often financially out of reach for food-
insecure households. In addition, adults with
diabetes living in food-insecure households
face other significant barriers to self-
management, including cost-related medica-
tion nonadherence, poor clinical follow-up
because of competing time demands, de-
pression, and increased hypoglycemia risk.*™®
Such challenges likely contribute to the poor
glycemic control observed among patients
with diabetes living in food-insecure, com-
pared with food-secure, households.”"”
Food banks have emerged as a potential
partner in addressing challenges with tradi-
tional diabetes interventions in clinical set-
tings for numerous reasons. First, food banks
can support food-insecure households who
have difficulty accessing diabetes-appropriate
foods. While few diabetes interventions
implemented in health care settings have the
capacity to provide food, food distribution is
the main expertise of food banks. Second,
food banks reach highly vulnerable pop-
ulations, many of which are also at highest risk
of poor engagement in traditional clinical
settings. The opportunity to reach patients
who are not presenting regularly in clinical
settings expands capacity for improving
population health and reducing health dis-
parities. Third, as funding for safety net
clinical settings, such as federally qualified
health centers, has fallen, access to diabetes
self~management support of all kinds has
decreased in low-income populations.

Community-based organizations observe this
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to be an important unmet need for their
clients. Fourth, patient-centered care efforts
have encouraged models that provide self-
management support in the places patients
feel comfortable receiving it, which may
mean expanding interventions outside of
clinical settings and into the community.
With these trends in mind, we completed
a pilot study in 2014 to test the feasibility of
providing diabetes self~-management support
and diabetes-appropriate food to food bank
clients with diabetes. This pre—post obser-
vational study demonstrated significant im-
provements in glycemic control and other
diabetes self-management outcomes.'' To
rigorously examine the model’s effectiveness,
we implemented a randomized controlled
trial of a food bank—based, multicomponent
diabetes intervention with a primary outcome

of hemoglobin Alc (HbAlc).

METHODS

We conducted this randomized controlled
trial within Feeding America food banks.
Feeding America is the largest US hunger
relief charity and supports a nationwide
network of 200 food banks. Food banks are
organizations typically responsible for the
sourcing, storage, and distribution of food to
smaller agencies (such as food pantries) that
are embedded in communities and provide
free food directly to people in need. In most
communities, this means that dozens or
hundreds of food pantries have established
formal relationships with the local or regional
food bank to deliver large quantities of food to
them. The food pantry then redistributes that
food to clients. Feeding America food banks
distribute food through approximately 60 000
food pantries and feeding programs.

Participating food banks were selected
through an internal Feeding America com-
petitive application process. Applications
were submitted by 16 (8%) food banks. Those
selected (Alameda County Community Food
Bank, Oakland, CA; Gleaners Community
Food Bank of Southeastern Michigan,
Detroit, MI; and Houston Food Bank,
Houston, TX) best demonstrated capacity
to work with food pantry partners to reach
the population of interest and implement
study protocols with fidelity.
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Study Design

Participants were recruited from food
pantries affiliated with 1 of the 3 food banks
via flyers, word of mouth, and in-person
announcements. Interested adults were of-
fered blood glucose testing with the GE100
Blood Glucose Monitoring System (General
Electric Company, Taichung City, Taiwan);
those with elevated glucose (nonfasting = 160
mg/dL or fasting =140 mg/dL) or reporting
a type 2 diabetes history were offered point-
of-care HbAlc testing with the A1C Now+
system (PTS Diagnostics, Indianapolis, IN).
Eligible participants had an on-site HbAlc of
greater than or equal to 7.5%, identified as an
existing or new pantry client, were aged 18
years or older, spoke English or Spanish, had
a phone or mailing address, and intended to
remain in the area for 12 months. We excluded
clients who were cognitively impaired, preg-
nant or less than 6 weeks postpartum, or had
a history of type 1 diabetes.

Randomization occurred at the level of the
participant after written informed consent and
a baseline survey. We used participant-level
block randomization to ensure rolling en-
rollment across multiple pantries would dis-
tribute participants equally into study arms.
Study staff generated the 1-to-1 randomization
scheme for each food bank separately by using
http://www.randomization.com. Food bank
staff located at the food pantry where partic-
ipants were recruited opened sequentially
numbered, opaque envelopes to randomize.
Participants were compensated with $15 gift
cards after completing assessments. Food bank
staff and participants were aware of study as-
signment; study staff were blinded.

Our original recruitment goal was 720
participants, which allowed for 20% loss to
follow-up and 90% power to detect 0.4%
reduction in HbAlc (9.5% to 9.1%). We
closed recruitment after randomization of
568 participants, after extending recruitment
as long as possible with available funding.
With 20% loss to follow-up, we determined
that 450 participants with follow-up data
would provide 80% power to detect the same
0.4% HbA1c reduction. The 0.4% assump-
tion was based on pilot study observations.

Intervention
The 6-month intervention included blood
glucose and HbAc testing at months 3 and 6,

referral to primary care (for participants
reporting no provider), formal diabetes self-
management classes and 1-on-1 check-ins
with educators, and twice-monthly food
packages containing diabetes-appropriate
foods. All intervention components were
delivered by food bank staff and volunteers
working at the food pantry.

Control participants continued to receive
regular food pantry services for 6 months. After
their wait period, they received a modified
intervention. Future analyses will examine the
impact of this modified intervention.

Diabetes self-management education. The
diabetes self~-management education (DSME)
program was tailored by study staff (nurse and
diabetes educator, dietitian, and physician)
to address participant challenges to self-
management (literacy, numeracy, trans-
portation barriers and costs, food-access
barriers, and food insecurity). It was modeled
on the American Association of Diabetes
Educators AADE7 Self-Care Behaviors,'?
adapted components from the Type 2 Di-
abetes BASICS curriculum,'® and drew from
patient empowerment approaches.'*'> The
curriculum included two 2-hour structured
sessions (to be completed within the first 2
months of enrollment) and optional monthly
1-hour drop-in sessions covering a range
of DSME topics, allowing class facilitators
flexibility to address areas of participant in-
terest. The choice to “require” attendance at
only 2 classes was based on pilot study ex-
perience.'” Educators were food bank staff
trained in curriculum delivery by a registered
nurse and diabetes educator. They partici-
pated in monthly conference calls and addi-
tional in-service trainings with study staff to
review curriculum implementation.

Participants also received written diabetes
education materials at each food distribution,
including simple, diabetes-appropriate rec-
ipes using foods included in the food pack-
ages. Educators conducted brief 1-on-1
check-ins with participants during food dis-
tributions for additional self~management
support.

Food packages. Food packages were
designed to increase access to and con-
sumption of foods appropriate for diabetes
self~management. Participants were eligible
to receive 11 food packages during the in-
tervention, picked up twice monthly from
the food pantry from which they were
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originally recruited. Packages were assembled
by each of the 3 food banks independently to
adhere to guidelines (e.g., dairy guidelines
required 2 low-fat dairy items from the fol-
lowing list: half gallon fresh or shelf-stable
milk, four 6-o0z yogurts, 8-oz cottage cheese,
or 8-oz cheese). Packages contained shelf-
stable and perishable products, including lean
proteins, eggs and low-fat dairy, legumes and
nuts, fruits and vegetables, and whole grains.
Canned products low in sodium and added
sugars were included. Packages were offered
in addition to other foods regularly available
at the pantry during standard, ongoing food
distributions.

In addition to meeting guidelines for di-
abetes management, food packages were
designed to provide approximately 22 meals,
or 20% to 25% of monthly food needs, scaled
for household size in anticipation of sharing.
Food quantity decisions were informed by the
pilot, in which 20% of participants prescribed
a diabetes diet at baseline reported that their
diabetes-appropriate food lasted the entire
month.'" Others reported their diabetes-
appropriate food lasted 3 weeks (24%),

2 weeks (29%), 1 week (18%), or less than
1 week (10%). Although we provided more
food in this intervention than in the pilot by
changing from monthly to twice-monthly
distributions, we were limited by food
bank capacity, feasibility of scaling the in-
tervention to other food banks, and partici-
pant challenges transporting food home.
For example, participants noted challenges
transporting food on the bus, by foot in icy
conditions, and up stairs. Food banks used
donated items and purchased in bulk
whenever possible to lower costs, resulting
in food package costs ranging from $12 to
$18 for the smallest households.

Outcome Measures

Outcomes ascertainment was planned for
6 months after enrollment, allowing a win-
dow of 5 to 7 months to accommodate
participants’ demanding schedules (many of
whom were working, caring for children or
dependents, and managing their own illness).
Our primary outcome was on-site HbATlc.
Secondary outcomes included food security
(6 items)"®; food stability (“Do you ever run
out of the food you need to take care of your
diabetes?”); fruit, vegetable, and sugar intake
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(11 dietary screening items)'”'®; hypogly-
cemia (“In the past four weeks, how many
times have you had a severe low blood sugar
reaction such as passing out or needing help to
treat the reaction?”)'?; tradeoffs between food
and medications or supplies (“In the last six
months, how often did you put off buying
diabetes supplies, like test strips or lancets, so
that you would have money to buy food, or
put off buying food so you would have
money to buy diabetes supplies?”)'"; cost-
related medication nonadherence; diabetes
distress (“feeling overwhelmed by the demands
of living with diabetes” or “feeling that I am
often failing with my diabetes routine”); de-
pression (Patient Health Questionnaire—8)>’;

diabetes self—efﬁcacyzl_zs; diabetes self-care®®;
and medication adherence (4-item scale).”’

We also measured intervention satisfaction.

Statistical Analyses

We compared baseline characteristics of’
intervention and control groups by using the
% test for categorical variables and ¢ test
(normally distributed) or Wilcoxon rank sums
test (not normally distributed) for interval
variables.

We conducted intent-to-treat analyses of
all outcomes. Because HbAlc testing was
performed on most intervention participants
with the pickup of their last (11th) food
package (rather than timed for 6 months),
there was a significant difference in average
time between baseline and follow-up assess-
ments for the intervention versus control
groups (171.5 vs 174.9 days; P<.001). We
therefore adjusted all analyses for baseline
value and number of days between baseline
and follow-up assessment by using general-
ized linear models with Huber—White robust
standard errors (appropriate for individual-
level randomization). We performed multi-
variable, modified least squares regression
with an identity link to calculate risk differ-
ences in outcome means,>> and multivariable,
modified Poisson regression with a logarithm
link to obtain relative risks of binary out-
comes.”” We treated hypoglycemic events as
a dichotomous variable (0 vs 1+). Multiple
sensitivity analyses with this variable, in-
cluding treating it as a continuous variable
and performing negative binomial regression
with a logarithm link to account for over-
dispersion, did not substantively alter results.
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We a priori defined a subgroup analysis
examining glycemic control among inter-
vention participants who fully engaged. We
defined full engagement as attending both core
DSME classes, picking up 9 or more of 11 food
boxes, and reporting attending at least 1 pri-
mary care visit during the study period.

RESULTS

We screened 5329 pantry clients with
either glucometer or HbAlc testing (Figure
1). We randomized 568 participants (285
intervention and 283 control), all of whom
had a baseline HbA1c value. Participants were
aged an average of 55 years and racially/
ethnically diverse (52% Latino and 33%
African American) with low educational at-
tainment (48% without a high-school degree),
as shown in Table 1. Participant characteristics
were balanced across study arms.

We collected 6-month HbATc values
within the prespecified window for 423
participants and follow-up surveys for 406
participants. Our primary analysis included
203 intervention and 220 control participants
(72% retention). We observed statistically
significant improvements in the intervention
compared with the control group in out-
comes related to food, including food security
(P=.03), food stability (P=.01), and fruit and
vegetable intake (P=.04). There was no
significant difference in added sugar intake.
No nonfood outcomes differed between the
intervention and control groups (Table 2),
except for tradeoffs between food and di-
abetes supplies (P=.03).

HbA1c at follow-up was not significantly
different between the 2 groups (intervention
9.12% vs control 8.88%; P=.16). Percentage
of participants with HbAlc less than 7.5% at
follow-up also did not differ (intervention
24% vs control 29%; P=".19). Results did not
change when we conducted a carry-forward
analysis using baseline HbAlc values for
participants without a follow-up HbAlc
(n=121) and including participants whose
follow-up HbAlc was outside the pre-
specified window (n = 24).

Among intervention participants, 40 of
203 met criteria for full engagement (see
Appendix available as a supplement to the
online version of this article at http://www.
ajph.org for characteristics). In subgroup
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Enroliment

Assessed for eligibility (n=5329)

Excluded (n=4761)

HbA1c<7.5 (n=4386)

+ Language (n=10)
+ Type 1 DM (n=10)
+ Not pantry client (n=9)

+ RBG < 140 fasting/< 160 nonfasting or

+ Declined to participate (n=310)

+ No contact information (n=6)

+ Household member enrolled (n=38)

+ Cognitive impairment (n=10)

+ Intention to move from study area (n=10)

v

Randomized (n=568)
+Baseline HbA1c (n=568

|
) |Primary analytic sample (n=568)

+Baseline survey (n=563)

+ 2 or more exclusion criteria (n=2)2 l

v Randomization

v

Randomized to immediate intervention (n=285)
+ Withdrew from study (n=4)

Randomized to waitlist control (n=283)
+ Withdrew from study (n=6)

)

Completed follow-up HbA1c (n=223, 78%)
Completed follow-up survey (n=193, 68%)
Lost to follow-up (n=62, 22%)

l | Follow-Up )

Completed follow-up HbA1c (n=224, 79%)
Completed follow-up survey (n=213, 75%)
Lost to follow-up (n=59, 21%)

l

v Analysis
J

HbA1c analysis (n=203)

Survey analysis (n=191)

survey (n=95)

+ Excluded because time between baseline and follow-
up HbA1c test not within specified window (n=20)

+ Excluded because no baseline survey or follow-up

Sensitivity analysis (high engagement) (n=40)P

window (n=4)

HbA1c analysis (n=220)
+ Excluded because time between baseline

and follow-up HbA1c test not within specified

Survey analysis (n=212)

+ Excluded because no baseline survey or
follow-up survey (n=73)

Note. DM = diabetes mellitus; RBG = random blood glucose.
°Specific exclusion criteria for participants with 2 or more exclusion criteria: no contact information and cognitive impairment (n = 1); no contact information and intention

to move from study area (n=1).

®High engagement = picked up >80% of diabetes-appropriate food boxes, attended > 2 diabetes education classes, and had =1 primary care visit over the 6-mo follow-up

period.

FIGURE 1—Flow of Participants Through Trial of Diabetes Self-Management Support in Food Banks: Detroit, MI; Houston, TX; and Oakland, CA,

2015-2016

analysis examining intervention participants
who fully engaged compared with those who
did not fully engage, HbA1c was significantly
lower at follow-up among those who fully
engaged (8.60% vs 9.24%; P=.02).
Intervention participants reported high
satisfaction: 80% preferred the diabetes food
package over standard pantry offerings; 78%
were very or somewhat happy with the
DSME; 99% found on-site glycemic moni-
toring very or somewhat helpful; 64% felt
communication with their health care pro-
vider was very or somewhat helpful; and 98%
found the diabetes food package very or
somewhat helpful. Almost two thirds (64%)
felt the program helped them to control their
diabetes “a lot better” and 98% would rec-
ommend the program to friends or family.
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However, we also observed challenges with
engagement: only 57% of participants felt that
attending DSME was very or somewhat easy
and 43% reported talking with their health

care provider about the program.

DISCUSSION

In this randomized controlled trial of
comprehensive diabetes self~-management
support and diabetes-appropriate foods for
food pantry clients with poorly controlled
diabetes, we observed significant improve-
ments in outcomes related to food—the core
operational expertise of food banks and food
pantries. These outcomes included food se-
curity, food stability, and fruit and vegetable

intake. We did not observe improvements in
outcomes related to diabetes self~manage-
ment or glycemic control.

There are multiple reasons the inter-
vention may not have significantly affected
glycemic control. First, it may not have been
adequately comprehensive or lengthy. We
carefully designed the intervention recog-
nizing client barriers to frequent on-site
presentation (e.g., transportation costs, de-
pendent care, and job responsibilities). The
decision to facilitate engagement by limiting
intervention scope may have resulted in in-
adequate support.

A core intervention component was
providing diabetes-appropriate food. Ethics
required that participants retain the option for
standard pantry food offerings also. Thus,
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TABLE 1—Baseline Characteristics of Participants in Trial of Diabetes Self-Management Support in Food Banks: Detroit, MI; Houston, TX; and

Oakland, CA, 2015-2016

All (n=568), Mean +SD

Control (n=283), Mean +SD

Intervention (n =285), Mean +SD

Characteristic or No. (%) or No. (%) or No. (%)
Age, y 548 =114 55.0 =11.7 54.6 +11.2
Female 384 (68.3) 187 (66.8) 197 (69.9)
Race/ethnicity
Latino or Hispanic 293 (52.1) 145 (51.8) 148 (52.5)
White 70 (12.5) 36 (12.9) 34 (12.1)
Black or African American 183 (32.6) 91 (32.9) 92 (32.6)
Native American 3(0.5) 0 (0.0) 3(1.1)
Asian or Pacific Islander 8(1.4) 4(1.4) 4(1.4)
Other 5(0.9) 4(1.4) 1(0.4)
Completed intervention in Spanish 197 (34.7) 100 (35.3) 97 (34.0)
Has primary care provider 523 (92.1) 261 (92.2) 262 (91.9)
Education
Some high school or less 269 (48.0) 131 (47.0) 138 (48.9)
High-school graduate, GED, some college, AA, technical school 251 (44.7) 128 (45.9) 123 (43.6)
College graduate or graduate degree M (73) 20 (7.2) 21 (7.4)
Employment
Working full-time (=35 h/week) 75 (13.3) 34 (12.1) 41 (14.5)
Working part-time (<35 h/week) 68 (12.1) 36 (12.9) 32 (11.3)
Homemaker, unemployed, or retired 307 (54.6) 149 (53.2) 158 (56.0)
Disabled 102 (18.1) 56 (20.0) 46 (16.3)
Other 10 (1.8) 5(1.8) 5(1.8)
New diagnosis of diabetes 37 (6.6) 20 (7.1) 17 (6.1)
In general, self-reported health
Excellent or very good 25 (4.4) 14 (5.1) 11 (3.9)
Good, fair, or poor 534 (95.2) 264 (94.6) 270 (95.8)
Food insecure 422 (75.5) 204 (73.7) 218 (77.3)
Study site
Detroit 180 (31.7) 90 (31.8) 90 (31.6)
Houston 268 (47.2) 133 (47.0) 135 (47.4)
Oakland 120 (21.1) 60 (21.2) 60 (21.1)
Baseline measures of study outcomes
HbA1c 9.75 =1.77 9.74 +1.76 9.75 +1.79
Fruits and vegetables, servings per day 57 +03 57 +03 58 +0.4
Added sugar, teaspoons per day 13.1 =01 13.0 =0.1 13.5 =01
Diabetes self-care score, range 1-100 71.2 =18.4 72.4 =18.2 69.9 +18.6
Diabetes self-efficacy score,® range 1-10 6.8 1.9 6.8 2.0 6.7 1.8
Medication nonadherence score, range 1-4 1.2 +1.2 1.2 +1.2 1.2 =11
Food insecure, very low or low food security 309 (74.5) 154 (71.6) 155 (77.5)
Food instability, responding affirmatively to running 226 (76.9) 113 (74.3) 113 (79.6)
out of food to take care of diabetes
Depressive symptoms, responding severe or 73 (18.0) 29 (13.8) 44 (22.6)
moderately severe symptoms
Diabetes distress, with clinically significant distress 240 (62.8) 124 (62.9) 116 (62.7)
Cost-related medication nonadherence, responding affirmatively 106 (25.7) 52 (24.4) 54 (21.1)
Continued
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TABLE 1—Continued

All (n=568), Mean +SD

Control (n=283), Mean =SD

Intervention (n=285), Mean +SD

Characteristic or No. (%) or No. (%) or No. (%)
Food or medication trade-offs, responding affirmatively 98 (23.8) 55 (25.8) 43 (21.6)
Food or supplies trade-offs, responding affirmatively 97 (25.3) 56 (28.3) 41 (22.2)
Self-reported severe hypoglycemic episodes, reporting >1 event 56 (14.8) 29 (14.8) 27 (14.8)

Note. AA=associate’'s degree; GED = general equivalency diploma.

°Includes only participants with no missing values.

although we may have increased access to
diabetes-appropriate foods, we did not directly
aim to reduce access to carbohydrates or added
sugars. Providing diabetes-appropriate food
without adequately facilitating clinical visits for
medication titration or delivering a higher-
intensity educational program focused on

reducing carbohydrate intake may have blunted
improvements in glycemic control that might
have resulted directly from diabetes-appropriate
food packages. Shifts within food banking to
make all pantry food offerings more appropriate
for clients with chronic disease may, over time,
address this problem.

TABLE 2—Primary and Secondary Outcomes in Trial of Diabetes Self-Management Supportin

Food Banks: Detroit, MI; Houston, TX; and Oakland, CA, 2015-2016

RD (95% Cl) or

Outcomes Intervention  Control RR (95% ClI)

HbA1c, mean 9.12 8.88 0.24° (-0.09, 0.58)

Fruits and vegetables, mean servings per day 4.2 3.9 0.34%°

Added sugar, mean teaspoons per day 10.9 1.0 -0.03*°

Diabetes self-care, mean score, range 1-100 76.3 75.5 0.77% (-2.68, 4.21)

Diabetes self-efficacy,” mean score, range 1-10 74 7.2 0.24° (-0.12, 0.61)

Medication nonadherence, mean score, range 1-4 0.8 1.0 -0.172 (-0.39, 0.05)

Food insecure, % with very low or low food security 60.0 69.4 0.85% (0.73, 0.98)

Food instability, % responding affirmatively 54.9 70.2 0.77% (0.64, 0.93)
to running out of food to take care of diabetes

Depressive symptoms, % responding severe 9.4 6.7 1.18% (0.60, 2.32)
or moderately severe symptoms

Diabetes distress, % with clinically significant distress 48.4 49.7 0.98° (0.80,1.2)

Cost-related medication nonadherence, % responding 17.0 18.5 0.889 (0.56,1.37)
affirmatively

Food or medication trade-offs, % responding affirmatively 15.7 24.1 0.70° (0.46,1.07)

Food or supplies trade-offs, % responding affirmatively 15.3 26.8 0.62% (0.40, 0.95)

Self-reported severe hypoglycemic episodes, 1.8 11.0 1.029 (0.56,1.86)

% reporting >1 event

Note. Cl = confidence interval. All values are adjusted for baseline value and days between baseline and

follow-up assessment.
°Risk difference (RD).

®Dietary intake variables were transformed, according to standard protocol, to generate estimates of
daily intake. Back-transformation results in small standard errors with confidence intervals that do not
accurately reflect statistical significance. The P value for fruit and vegetable intake was .04 and the

P value for added sugar intake was .95.
“Includes only participants with no missing values.
dRelative risk (RR).
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Although providing more food might
amplify improvements we saw in food
security, food stability, and dietary intake, it
would require addressing operational chal-
lenges, participant barriers (transporting larger
food packages), and additional costs. Al-
though cost of the diabetes food package was
high by food bank standards, it was relatively
low by health care standards. Therefore,
higher food “doses”—along with novel dis-
tribution strategies (e.g., home delivery) that
reduce participant barriers—may be feasible if
costs are shared among sectors (e.g., charitable
feeding, insurance companies, health systems).

The DSME was designed to address
substantial competing demands for time
and resources faced by many people in
food-insecure households. We attempted to
reduce participation barriers (e.g., pairing
classes with food distributions and reducing
the number of sessions). Nonetheless, en-
gagement was low; only 36% attended the 2
core classes, even with high satisfaction rates.
The observation that these fully engaged
participants improved their HbAlc signifi-
cantly compared with less-engaged partici-
pants suggests there may be benefit to
delivering a multicomponent intervention.
Conversely, other factors specific to this sub-
group may explain the improvements. Future
work should explore factors allowing this
subgroup to better engage and iteratively refine
the intervention to enhance engagement.

Two core mechanisms by which we hoped
to increase impact were linking to care par-
ticipants without a health care provider and
diagnosing with diabetes people who were
unaware they had it. At enrollment, 8% of
participants reported not having a health care
provider (all of whom received a formal re-
ferral), and 6.6% were unaware that they had
diabetes. Food bank staff briefly communi-
cated with health care providers for these
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participants, as they did for other participants.
However, because we were not able to tease
out the individual impact of each study
component, it is not clear how, if at all,
communication between food bank staft and
health care providers impacted engagement
with clinical care. Future investigation of
feedback loops between food banks and
health care may prove valuable.

Health systems increasingly rely on com-
munity organizations as partners in health
promotion and resources for improving
clinical outcomes, particularly in populations
with low socioeconomic status. For example,
organizations that specialize in reducing
household allergen exposure may become
partners in reducing asthma exacerbations; or-
ganizations that provide home-delivered meals
after a hospital admission may become partners
in reducing readmission rates””; or, as this study
examined, food banks may become partners in
supporting access to diabetes-appropriate food
to improve glycemic control. Our findings,
in conjunction with the limited capacity of
community-based organizations for imple-
menting interventions, highlight the importance
of rigorously testing these partnerships before
broad-scale dissemination even in the presence of
robust evidence of their impact in clinical settings.

Although community-based organizations
such as food banks often have reach into
communities that are the most vulnerable and
hardest for clinical systems to reach, these
communities also have additional barriers to
clinical care and optimal self~-management,
which may make interventions less effective.
The observation that fully engaged partici-
pants achieved greater improvement in gly-
cemic control, although nonrandomized, and
the relatively low percentage of participants
who fully engaged suggest that engagement
challenges observed in the clinical setting
remain challenges in the community setting.

Although the core competency of food
banks is food distribution, there have been
few rigorous studies showing that food dis-
tribution improves outcomes. This study is
the first randomized trial of which we are
aware to demonstrate that targeted charitable
feeding reduces food insecurity, stabilizes diet,
and improves dietary intake. Although this
may seem self-evident, access to free resources
allows households under tight budget pres-
sures to shift money toward other household
necessities. Therefore, it is possible that
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charitable food access allows households to,
for example, pay utility or rent bills but not
improve food security. Our food-related
findings highlight the importance of the large
charitable feeding system”' and suggest
increased attention to models bringing
diabetes-appropriate food to the clinical set-
ting, rather than bringing the patient with
diabetes to the food bank.>

Limitations and Strengths

This study has limitations. Although
point-of-care HbAlc¢ testing in community
settings was feasible, environmental condi-
tions made testing challenging. However,
basic reliability testing suggested acceptable
device performance (data forthcoming).
There was potential contamination between
intervention and control groups because
participants interacted at food pantries and
within their communities. It is also possible
that HbA1lc improvements in both groups
reflected an overall shift in participating food
pantries toward more diabetic-friendly
practices and procedures outside of the trial.
We do not believe our study was substantially
underpowered even though we did not reach
recruitment goals. Lack of impact on self-
management outcomes such as depressive
symptoms, self-efficacy, and diabetes distress
suggests we would not have observed sig-
nificant changes in glycemic control even
with a larger sample.

This study also has strengths. Community
organizations rarely subject their work to the
rigor of a randomized controlled trial. We
increased generalizability by recruiting par-
ticipants from many food pantries in 3 states.
Finally, we maintained relatively high
follow-up despite challenges conducting
research within highly marginalized and
very low-income populations.

Public Health Implications

Moving chronic disease support into
communities can expand reach into highly
vulnerable populations, but may be in-
sufficient to achieve key disease management
outcomes in the absence of closer integration
with health care or more robust efforts to
build patient self-management capacity.>
Both community-based organizations and
health care systems are grappling with how to
leverage their relative strengths to better meet
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the needs of low-income populations. Im-
proving health outcomes and reducing health
disparities requires continued exploration
of how to scale effective interventions that
build on the strengths of community or-
ganizations such as food banks, while also
enhancing patient engagement with clinical
care. This study reinforces the value of rigor-
ously examining interventions designed for
clinical implementation before broad dissem-
ination through nonclinical systems. AJPH
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