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252 patients with diabetes received produce
prescriptions of $60 / month for 6 months. 1
Longitudinal analyses using overlap propensity 0 1 : 3 4+ 5 & 1 8 s
score weights compared changes in HbA,_ with Month since Enrollment
534 controls. —&— Treatment —@— Control
Program implementation coincided with the At 6 months, there was no significant difference in
first wave of COVID-19 in spring 2020. HbA,_ between treatment and control groups.

ARTICLE HIGHLIGHTS

* Produce prescriptions offer patients free fruit and vegetables and have shown promise in improving diabetes
care, although most previous studies used small samples or lacked controls.

» The objective of this study was to evaluate the impacts of a produce prescription on glycemic control for patients
with diabetes.

« Compared with weighted controls, patients receiving a 6-month produce prescription during the onset of the
COVID-19 pandemic did not have improved glycated hemoglobin.

» Future research should assess which programmatic components of produce prescriptions are most likely to im-
prove health outcomes, although findings may be unique to the start of COVID-19 in the U.S.
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OBJECTIVE

Produce prescriptions have shown promise in improving diabetes care, although
most studies have used small samples or lacked controls. Our objective was to
evaluate the impacts of a produce prescription program on glycemic control for
patients with diabetes.

RESEARCH DESIGN AND METHODS

Participants included a nonrandom enrollment of 252 patients with diabetes
who received a produce prescription and 534 similar control participants from
two clinics in Hartford, Connecticut. The start of the COVID-19 pandemic in March
2020 coincided with program implementation. Produce prescription enrollees re-
ceived vouchers ($60 per month) for 6 months to purchase produce at grocery re-
tail. Controls received usual care. The primary outcome was change in glycated
hemoglobin (HbA, ) between treatment and control at 6 months. Secondary out-
comes included 6-month changes in systolic (SBP) and diastolic blood pressure
(DBP), BMI, hospitalizations, and emergency department admissions. Longitudi-
nal generalized estimating equation models, weighted with propensity score
overlap weights, assessed changes in outcomes over time.

RESULTS

At 6 months, there was no significant difference in change in HbA;. between
treatment and control groups, with a difference of 0.13 percentage points
(95% CI —0.05, 0.32). No significant difference was observed for change in SBP
(3.85 mmHg; —0.12, 7.82), DBP (—0.82 mmHg; —2.42, 0.79), or BMI (—0.22 kg/m?>;
—1.83, 1.38). Incidence rate ratios for hospitalizations and emergency department
visits were 0.54 (0.14, 1.95) and 0.53 (0.06, 4.72), respectively.

CONCLUSIONS

A 6-month produce prescription program for patients with diabetes, implemented
during the onset of the COVID-19 pandemic, was not associated with improved gly-
cemic control.

More than 300,000 annual deaths resulting from cardiovascular disease and diabe-
tes in the U.S. are attributable to suboptimal diet, underscoring the tremendous
burden of diet-related illness (1,2). Most U.S. adults do not meet the recommenda-
tions within the Dietary Guidelines for Americans, and marginalized racial, ethnic,
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and low-income groups tend to have
worse overall diet quality (3,4). These
challenges further intersect with food in-
security, which is associated with poor
health outcomes (5-7) and higher health
care use (8-10), as well as the COVID-19
pandemic, during which diabetes has be-
come a leading risk factor of COVID-19
hospitalization and death (11-13).

Health care providers have few tools
to adequately address patient nutrition
and food insecurity. However, there is
growing interest in and use of “food-is-
medicine” interventions among health
care providers, payers, and patients as
a result of the high prevalence of diet-
related disease in the U.S. and a growing
focus on value-based care (14). These
health care—based interventions provide
healthy food to patients for the treat-
ment or prevention of disease and offer
promising mechanisms to improve nutri-
tion and health outcomes (14,15). Pro-
duce prescriptions represent one of the
most popular food-is-medicine models.
Produce prescriptions support patients
with diet-related illness by providing
vouchers or electronic cards to redeem
free or discounted fruit and vegetables
(F&V) at retail grocery or farmers mar-
kets (14,16-20). These interventions rec-
ognize that linking financial incentives
with nutritional education may be re-
quired to improve dietary intake, espe-
cially for low-income populations.

A growing body of evidence suggests
that produce prescriptions increase F&V
intake, reduce food insecurity, and im-
prove quality of life (14,16-20). Eval-
uations of the impacts of produce
prescriptions on glycemic control have
been promising, with several studies
showing improvement in glycated he-
moglobin (HbA;.) (21-23 and K. Hager,
Z. Li, B. Ling, D. Mozaffarian, K. Chui, P.
Shi, S.B. Cash, S. Folta, F.F. Zhang, un-
published observations). However, most
analyses have been pre/post studies with-
out controls and may have been biased
by regression to the mean or co-occurring
changes in prognostic factors (17). There
is also growing health care policy interest
in understanding if produce prescription
programs can affect health care use,
although this remains an understudied
area.

In this study, we evaluated a 6-month
produce prescription program comparing
longitudinal changes in HbA,. between
participants with diabetes and a weighted

control group of similar patients. Second-
ary outcomes included changes in systolic
blood pressure (SBP), diastolic blood
pressure (DBP), and BMI, as well as health
care use, including emergency depart-
ment admissions and inpatient hospital-
izations. To our knowledge, this is the
largest produce prescription study to as-
sess the impacts on glycemic control
among participants with diabetes com-
pared with a control group. Our study
also contributes novel analyses on health
care use. This research is relevant given
recent flexibility in Medicare Advantage
plans to cover produce prescriptions,
state-level pilots testing produce prescrip-
tions in Medicaid managed care (24,25),
and recent commitments by the U.S. De-
partment of Agriculture (USDA) to im-
prove nationwide nutrition security (26),
which includes investment in produce
prescriptions (27).

RESEARCH DESIGN AND METHODS

Population and Setting

Study participants included a nonran-
dom enrollment of 786 patients (252
enrolled in the Hartford Healthcare Pro-
duce Prescription Program and 534 con-
trol participants) with type 1 or type 2
diabetes from two clinics at Hartford
Hospital (Hartford, CT). Physicians and
medical assistants were encouraged to
identify and refer patients to the pro-
gram who had a history of uncontrolled
diabetes (HbA;. >8.0%) and who were
likely to be lower income and experi-
ence food insecurity, based on zip code
of residence. To assist meeting program
enrollment goals, a decision was later
made to relax the HbA;. threshold to
6.5%. Study participants were also re-
quired to have at least one HbA;. mea-
surement >6.5% in the year before
program start (November 2018 to Octo-
ber 2019) and at least one HbA;. mea-
surement (of any value) during the
program period (November 2019 to Oc-
tober 2020). Enrollment in the produce
prescription program was from Novem-
ber 2019 to March 2020, with program im-
plementation through October 2020. To
create enrollment dates for the control
group, we randomly assigned enrollment
dates from the distribution of start dates for
the treatment group. Program implementa-
tion coincided with disruptions in the econ-
omy and clinical care during the onset of
the COVID-19 pandemic in the U.S.
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We identified 534 patients with dia-
betes to serve as control participants
from the electronic health record (EHR),
based on a sampling of patients who did
not receive the produce prescription,
had at least one HbA;. measurement
>6.5% in the year before program start,
had at least one additional HbA;. mea-
surement (of any value) during the pro-
gram period, and lived in the same zip
codes as the treatment group. This
study was reviewed by the Tufts Health
Sciences Institutional Review Board and
determined not to be human subjects
research because the analysis used ret-
rospective deidentified data on a com-
pleted program.

Produce Prescription Intervention
The produce prescription program was
operated by Wholesome Wave (28), an
organization dedicated to curbing the na-
tional burden of diet-related disease by
improving affordability and access to
healthy F&V. After referral to Wholesome
Wave by their medical provider, patients
received $60 per month for 6 months in
the form of paper vouchers to purchase
F&V at a local grocery retail chain. All pa-
tients received $60 per month regardless
of household size. Program implementers
hypothesized that this value was sufficient
to increase F&V intake based on operat-
ing similar programs in other U.S. settings.
Vouchers were received at the clinic or
mailed to participants (all vouchers were
mailed after March 2020). A registered
dietitian led group-based grocery store
tours with lessons on reading food nutri-
tion labels and using the vouchers at
check out. A launch event at the Diabe-
tes Community Symposium (held on
2 November 2019) provided additional
nutritional education for participants.
After March 2020, all in-person nutri-
tional education was cancelled and was
not replaced with a remote option.
Because participant F&V intake was
not measured in the EHR, voucher re-
demption rates were the primary mea-
sure of program participation. To assess
redemption rates, we used sales data
from the retail grocery partner to report
the percentage of received dollars that
were spent on F&V. To explore the po-
tential impacts of the COVID-19 pan-
demic on program participation, we
also separately assessed redemption
rates from November 2019 to March
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2020 and April 2020 to September
2020.

Clinical Outcomes

Outcomes for participants and control par-
ticipants were extracted from the Hartford
Healthcare EHR. The primary outcome
was change in HbA;. from baseline to
6 months after program enroliment,
comparing participants with control par-
ticipants. We also assessed changes in
SBP, DBP, and BMI as secondary out-
comes. All existing measurements for
HbA,., blood pressure, and BMI were col-
lected for participants and control partici-
pants from 12 months before enroliment
to 12 months postenrollment. Both clinics
followed identical protocols for biomarker
measurement and used the same labora-
tory for HbA, tests. All analyses used clini-
cally measured data; weight and blood
pressure measurements that were self-
reported during telehealth appointments
were excluded.

A final objective of our study was to as-
sess if produce prescriptions affect health
care use. Secondary outcomes also in-
cluded the total count of inpatient hospi-
talizations and emergency department
admissions, separately, at 6 months af-
ter program enrollment. We report the
incidence rate ratio for inpatient hospi-
talizations and emergency department
admissions at 6 months after program
enrollment for hypothesis testing. Health
care use was drawn from the EHR and
not from claims data. As a member of
the CareEverywhere network, the Hart-
ford Healthcare EHR recorded health
care use if a patient was admitted at an-
other health system using EPIC as its
medical records platform.

Covariates

Demographic data were drawn from
medical records, including age, biologi-
cal sex (male or female), self-reported
race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, or other), health
insurance status (Medicaid, Medicare, or
private/other), and self-reported smoking
status (never, current, or former). In addi-
tion, we obtained data on history of
comorbidities (using ICD-10 codes), in-
cluding congestive heart failure, can-
cer, chronic obstructive pulmonary disease
(COPD), stroke, or renal disease, in addi-
tion to intensity of health care use, in-
cluding the number of clinic visits, clinical

consults, outpatient visits, inpatient hospi-
talizations, and emergency department
visits in the 6 months before program
enrollment.

Statistical Methods

We used an overlap weight propensity
score approach to weight the control
and treatment groups (29). The propen-
sity score was the probability that an indi-
vidual would be enrolled in the produce
prescription program, given the patient’s
measured covariates. This was estimated
using logistic regression, in which the out-
come was selection into the treatment
group and the explanatory variables were
covariates that may have predicted the
probability of treatment and confounded
the association between treatment and
outcomes. To calculate an individual’s pro-
pensity score, we used a generalized lin-
ear mixed model with a random intercept
for referral clinic to account for clustering
by clinic (30). Predictors included age,
sex, race/ethnicity, health insurance sta-
tus, and smoking status; comorbidities, in-
cluding any history of congestive heart
failure, cancer, COPD, stroke, or renal dis-
ease; intensity of recent health care use,
including the number of clinic visits, clini-
cal consults, outpatient visits, inpatient
hospitalizations, and emergency depart-
ment visits in the 6 months before pro-
gram enrollment; and baseline values of
HbA,., SDP, DBP, and BMI, defined as
the closest measurement before pro-
gram enrollment.

Overlap weighting is a propensity score
method in which treated patients are
weighted by the probability of not receiv-
ing treatment (1 — propensity score) and
control participants are weighted by the
probability of receiving the treatment
(propensity score) (31). This approach
mimics a randomized clinical trial by em-
phasizing those at clinical equipoise and
down-weighting individuals very likely
to receive or not receive treatment. An-
other property of overlap weighting is
that treatment and control groups will
have perfect balance on all covariates
included in the propensity score model.
Results are similar to those of comparable
methods like inverse probability treat-
ment weighting when treated and un-
treated groups are similar.

We used a weighted linear generalized
estimating equation (GEE) model with
an independent correlation structure to
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account for multiple measurements over
time. All study participants had a base-
line HbA;. measurement (included in the
propensity score model) and at least one
HbA;. measurement during the program
period. The model included an interac-
tion term with treatment group and
days since enrollment for each HbA;.
measurement. All available covariates
were included in the propensity score
and weight creation; therefore, we did
not adjust for these covariates in the
GEE model. After fitting the models, we
then estimated marginal means (i.e.,
least square means) and conducted our
hypothesis testing on the propensity
score—weighted difference in HbA,. at 6
months between treatment and control
groups. A secondary analysis used a sim-
ilar model but included an interaction
term between treatment and months
since enrollment for HbA;. measure-
ments to calculate the HbA;. change
per month during the intervention pe-
riod. These approaches were repeated for
the secondary clinical outcomes SBP, DBP,
and BMI. Finally, weighted GEE nega-
tive binomial models were used for
health care use outcomes to estimate
incidence rates in treatment and con-
trol groups and incidence rate ratios
between treatment and control groups
in inpatient hospitalizations and emer-
gency department visits during the 6-
month produce prescription program.
All analyses accounted for baseline out-
come measurements by including them
in the propensity score and overlap weight
creation. Analyses were conducted in
Stata 17 and used o < 0.05 to indicate
statistical significance.

Sensitivity Analyses

Sensitivity analyses included restricting
the study population to individuals with
uncontrolled diabetes at baseline, defined
as HbA;. >8.0%. We also estimated
changes in HbA;., blood pressure, BMI,
and health care use at 9 months after
program enrollment (3 months after re-
ceiving final vouchers) to capture more
end point measurements after program
completion and explore if there were
sustained program impacts. A final sen-
sitivity analysis aimed to isolate the
impacts of the COVID-19 pandemic
shutdowns on program effectiveness.
We stratified by whether HbA;. meas-
urements were taken before 20 March
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2020 (the date of the statewide shut-
down in Connecticut) or during the
COVID-19 pandemic. Because HbA;. re-
flects the previous 3 months of glycemic
control, we incorporated a washout pe-
riod and defined the COVID-19—-affected
measurements as occurring after 1 May
2020. We then assessed monthly HbA;.
change between treatment and control
groups, separately, during both time pe-
riods (November 2019 to March 2020
vs. May 2020 to September 2020). Fi-
nally, we conducted exploratory pre-/
poststratified analyses of household size
association with HbA;. change among
program recipients. Household size was
measured by Wholesome Wave as part
of program onboarding for the treat-
ment group and was not available for
control participants.

RESULTS

The intervention group included 252
produce prescription participants with a
mean (SD) age of 60.6 years (13.7),
65.5% of whom were female and 84.8%
of whom were Hispanic adults (Table 1).
The most common comorbidities were
COPD (46.9%), congestive heart failure
(24.2%), and renal disease (22.0%). Mean
(SD) HbA;. at baseline was 8.82% (1.71).
The control group included 534 individu-
als who did not receive the produce
prescription and had relevant HbA;.
measures. Before weighting, individuals
selected to be enrolled in the program,
compared with control participants, were
more likely to be female and have Medic-
aid versus private insurance, Hispanic
ethnicity, COPD, higher baseline HbA;,
higher baseline SBP, and a higher number
of outpatient hospital visits in the prior 6
months (Table 1). After the creation of
propensity scores and overlap weights,
the weighted means and proportions at
baseline between treatment and control
groups were exactly balanced on each
characteristic, with no differences be-
tween treatment and control groups
(Table 1).

During the program period, 90% of re-
ceived produce dollars were redeemed
at the partnering grocery retail locations.
The redemption rate in the period be-
fore the onset of COVID-19 was 98%;
after April 2020, it was 85%. The nutri-
tional education component of the in-
tervention was stopped during the
pandemic, and only 5% of participants

attended one in-person class and 9%
one grocery store tour during the full
program period.

At 6 months, there was no significant
difference in the change in HbA;. be-
tween treatment and control groups
from baseline, with a difference of 0.13
percentage points (95% CI —0.05, 0.32)
(Table 2). Similarly, no difference was
observed for change in SBP (3.85 mmHg;
—0.12, 7.82), DBP (—0.82 mmHg; —2.42,
0.79), or BMI (—0.22 kg/m? —1.83, 1.38).
These findings were similar in analyses
of month-to-month differences in change
in HbA;., SBP, DBP, and BMI between
the intervention and control groups
(Fig. 1, Supplementary Figs. 1-3, and
Supplementary Table 1).

In the evaluation of health care use,
hospitalizations and emergency depart-
ment admissions in these patients were
rare, with only 17 total hospitalizations
and five emergency department admis-
sions over the 6-month program period
in all intervention and control patients
combined (Table 3). The incidence rate
ratios at 6 months for hospitalizations
and emergency department visits asso-
ciated with produce prescription receipt
were 0.54 (95% Cl 0.14, 1.95) and 0.53
(0.06, 4.72), respectively, a nonstatisti-
cally significant difference for both
outcomes.

Sensitivity Analyses

In the subgroup with uncontrolled diabe-
tes at baseline (HbA,. >8.0%; 146 pro-
duce prescription participants and 208
control participants), no difference was
observed in 6-month change in HbA,,
SBP, DBP, or BMI between intervention
and control groups (Supplementary Table
2). The incidence rate ratio for hospital-
izations in the intervention versus con-
trol group was 0.20 (95% Cl 0.02, 1.60)
(Supplementary Table 3), and for emer-
gency department admissions, it was
0.72 (0.06, 7.96). Similar findings were
seen in analyses extending follow-up
to 9 months after enrollment (Tables 2
and 3 and Supplementary Tables 1 and 2).
Stratified analyses by the onset of
COVID-19 suggested no program impact
on HbA;. measurements taken before
the start of the pandemic (Supplementary
Table 4). However, only 203 of 786 study
participants had at least 3 months of pro-
gram enrollment before 20 March 2020,
and no produce prescription recipients
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had completed the 6-month program be-
fore 20 March 2020. Exploratory analyses
stratified by household size among partic-
ipants only did not suggest any differential
association by household size between
program participation and glycemic control
(Supplementary Table 5).

CONCLUSIONS

In this quasiexperimental longitudinal study
evaluating the impacts of a 6-month pro-
duce prescription program on 252 pa-
tients with diabetes compared with 534
control participants, there were no statis-
tically significant impacts on the primary
outcome, HbA,., or secondary outcomes,
including blood pressure, BMI, inpatient
hospitalizations, and emergency depart-
ment admissions. Sensitivity analyses
assessing impacts among those with un-
controlled diabetes at baseline and extend-
ing the analysis to 9 months showed
similar results. A sensitivity analysis did not
suggest early improvements in HbA;. with
more limited durations of intervention (up
to 3 months) before the COVID-19 shut-
downs in spring 2020.

There are several possible explanations
for our findings, in comparison with other
studies that have suggested positive im-
pacts of produce prescriptions on glycemic
control, blood pressure, and BMI (17
and Hager et al., unpublished observa-
tions). The first is that our study was af-
fected by the unprecedented national
disruptions in clinical care and economic
and public safety instability during the
early months of the COVID-19 pandemic.
Patients were advised not to come into
the clinic, and many received medical
care via telehealth for the first time.
Nutritional education was cancelled,
and patients received vouchers through
the mail instead of in-person pickup at
the clinic. During spring and summer
2020, some participants likely experi-
enced disruptions in work and/or shoul-
dered new childcare demands and
increased household food expenditures
when schools closed. Many participants
would have received stimulus checks
and increased federal nutrition pro-
gram benefits in summer 2020, which
would have offered more robust sup-
port than the produce prescription pro-
gram. All this occurred as disruptions in
the food supply chain limited availabil-
ity of certain products and increased
prices at retail grocery stores. In the
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Table 1—Characteristics of produce prescription participants and control participants

Weighted
Treatment Control Standardized Treatment Control Standardized
Characteristic (n=252) (n=534) mean difference (n=252) (n=534) mean difference
Mean (SD) age at enrollment, years 61 (13.6) 58.4 (14.2) 0.19 60.4 (10) 60.4 (7.2) 0.0
Female sex 164 (65.1) 293 (54.9) 0.21 164 (61.7) 293 (61.7) 0.0
Race/ethnicity
Non-Hispanic White 8 (3.2) 89 (16.7) —0.46 8 (4.9) 89 (4.9) 0.0
Non-Hispanic Black 16 (6.3) 92 (17.2) —0.34 16 (8.7) 92 (8.7) 0.0
Hispanic 218 (86.5) 317 (59.4) 0.64 218 (81.0) 317 (81) 0.0
Other 8 (3.2) 32 (6.0) —0.13 8 (4.6) 32 (4.6) 0.0
Insurance status
Medicaid 123 (48.8) 205 (38.4) 0.21 123 (45.1) 205 (45.1) 0.0
Medicare 113 (44.8) 226 (42.3) 0.05 113 (46.4) 226 (46.4) 0.0
Private insurance/other 16 (6.3) 103 (19.3) —0.39 16 (8.5) 103 (8.5) 0.0
Cigarette smoking
Never 121 (48.0) 260 (48.7) —0.01 121 (47.2) 260 (47.2) 0.0
Former 95 (37.7) 183 (34.3) 0.07 95 (36.7) 183 (36.7) 0.0
Current 36 (14.3) 91 (17.0) —0.08 36 (16.1) 91 (16.1) 0.0
Comorbidities
Myocardial infarction 38 (15.1) 71 (13.3) 0.05 38 (14.4)  71(14.4) 0.0
Congestive heart failure 61 (24.2) 125 (23.4) 0.02 61 (23.9) 125 (23.9) 0.0
Cancer 21 (8.3) 42 (7.9) 0.02 21 (7.3) 42 (7.3) 0.0
COPD 119 (47.2) 203 (38) 0.19 119 (44.4) 203 (44.4) 0.0
Stroke 26 (10.3) 63 (11.8) —0.05 26 (10.4) 63 (10.4) 0.0
Renal disease 57 (22.6) 132 (24.7) —0.05 57 (22.3) 132 (22.3) 0.0
Bariatric surgery 2 (0.8) 11 (2.1) —0.11 2 (1.0) 11(1.0) 0.0
Mean (SD) cardiometabolic markers at enrollment
HbA,., % 88(1.7) 8.2(2.1) 0.29 8.6 (1.1) 8.6 (1.2) 0.0
SBP, mmHg 136.5 (18.3) 134 (18.5) 0.15 136.2 (13.0) 136.2 (9.4) 0.0
DBP, mmHg 74.5 (10.9) 74.5 (11.4) 0.01 745 (7.8) 745 (5.3) 0.0
BMI, kg/m? 32.6 (7.0) 33.1(8.4) —0.05 32.5 (5.1) 32.5(3.9) 0.0
Mean (SD) health care use 6 months before enroliment
n of emergency department visits 0.01 (0.08) 0.01 (0.07) 0.05 0.00 (0.04) 0.00 (0.03) 0.0
n of inpatient hospitalizations 0.01 (0.10) 0.05 (0.26) —0.19 0.02 (0.09) 0.02 (0.07) 0.0
n of outpatient office visits 0.8 (1.6) 0.7 (1.7) 0.08 0.8 (1.1) 0.8 (0.7) 0.0
n of outpatient hospital visits 1.8 (0.4) 1.5 (0.5) 0.24 3.3 (2.4) 3.3 (1.6) 0.0
n of clinical consults 2.2 (2.6) 1.7 (2.4) 0.19 2.0 (1.7) 2.0 (1.2) 0.0

Data are presented as n (%) unless otherwise indicated.

context of this instability, it simply may
be that $60 per month for F&V was
not enough to affect glycemic control.
That this program was ineffective at
improving glycemic control during a
period coinciding with the start of the
COVID-19 pandemic remains an impor-
tant finding and may suggest modifi-
cations (e.g., larger doses or longer
duration) could be required to support
patients with poor glycemic control in
future disruptive settings related to
natural disasters resulting from climate
change, another pandemic, or economic
downturns.

The high overall redemption rate (90%)
shows strong voucher use and suggests
this population had a high unmet need for
additional resources to purchase F&V. The

redemption rate dropped from 98% before
COVID-19 to 85% after the COVID-19 pan-
demic began. This highlights the adverse
effects of COVID-19 on program engage-
ment, although an 85% redemption rate is
still higher than those in previous produce
prescription reports (Hager et al., unpub-
lished observations).

In other prescription produce programs
with a median voucher amount of $43
per month (interquartile range 31-60),
HbA,. was significantly reduced among
patients with diabetes, but this study
lacked external controls (Hager et al.,
unpublished observations). The USDA
estimates that an individual would need
to spend $63-78 per month to meet their
recommended daily F&V intake (32).
Thus, the $60 monthly voucher could

have provided reasonable financial sup-
port for an individual to increase F&V
intake. On the other hand, the house-
hold size among participants ranged
from one to six (median two), and the
relative impact of the voucher on F&V
intake could decrease with higher house-
hold size if F&V were shared among
household members. Exploratory analyses
did not suggest a differential association
between program participation and glyce-
mic control when stratified by household
size.

There is wide variation in produce
prescription programs in published re-
search (19,34). For example, some pro-
grams increased benefits for additional
household members (ours did not), and
research suggests diminishing returns
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Table 2—Change in HbA;, blood pressure, and BMI between treatment and control groups

6 months 9 months
Change in Change in Between-group Change in Between-group
Outcome treatment control difference treatment Change in control difference
HbA,, % —0.11 (0.06) —0.24 (0.07) 0.13 (—0.05, 0.32) —0.13 (0.06) —0.19 (0.08) 0.06 (—0.13, 0.25)
SBP, mmHg —0.93 (1.14) —4.78 (1.67) 3.85 (—0.12, 7.82) —0.41 (1.61) —4.44 (1.54) 4.03 (—0.34, 8.40)
DBP, mmHg —2.61 (0.61) —1.79 (0.55) —0.82 (—2.42, 0.79) —2.48 (0.58) —1.61 (0.54) —0.87 (—2.42, 0.67)
BMI, kg/m? —0.02 (0.57) 0.20 (0.59) —0.22 (—1.83, 1.38) —0.13 (0.57) 0.38 (0.58) —0.51 (—2.10, 1.08)

Data are presented as mean (SE). N = 252 in treatment group, and n = 534 in control group. Results are from longitudinal GEE models apply-
ing overlap weights created from propensity scores. All measures taken from baseline to 6 months were included in the 6-month analysis; all
measures taken from baseline to 9 months were included in the 9-month analysis. The produce prescription program lasted 6 months for

each participant.

on F&YV intake within larger households
when the incentive value is not scaled
by household size (35). Other compo-
nents that may affect success include
the frequency, intensity, and quality of
nutritional education and which retail or
farmers market partners are included
(i.e., multiple store locations, year-round
availability, and convenient hours will
increase accessibility). Some previous
produce prescription programs had more
robust nutritional education (19,21,36);
in our study, most participants (86%) did
not attend the nutritional education
event or grocery store tours. As such,
our program should be interpreted as
primarily a voucher-based program, and

future research should aim to assess
the impacts of financial incentives alone
versus financial incentives in combina-
tion with nutritional education on par-
ticipant health outcomes.

Our study included a sufficiently large
sample size, used stronger methods than
most previous evaluations, and targeted
a high-risk population that should be re-
sponsive to dietary changes, which cau-
tions that similar programs are not
guaranteed to improve health out-
comes. It is possible that the results
of prior produce prescription analyses
that did not incorporate control partici-
pants were influenced by regression to
the mean rather than a causal effect of

HbA; by Month Intervals since Enroliment
for Treatment and Control Groups
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Figure 1—HbA;_ (%) by month intervals since enrollment for treatment and control groups. Re-
sults are from longitudinal GEE model using overlap weights created from propensity scores
that predict probability of treatment. Each dot represents mean HbA,. in treatment (blue) or
control (red) group within a monthly interval (e.g., baseline, within first month, within second
month, and so on). Bars represent 95% Cls. With overlap weights applied, the mean Hba, at
baseline is equivalent for treatment and control groups. Cls are smallest at baseline because ev-
ery participant in the treatment and control groups has a baseline measurement.

the intervention (17). However, in pre-/
postanalysis in the present patient co-
hort (i.e., omitting the control group),
we did not observe improvements in
clinical biomarkers, suggesting that this
population and/or time during COVID-
19 may be relatively unique. Our find-
ings suggest that future programs may
require more touch points with partici-
pants, higher incentive values (per-
haps scaled by household size), longer
duration, and/or more intensive nutri-
tional education to have an impact on
health outcomes.

The programmatic structures of pro-
duce prescriptions will be critical to un-
derstand as health care policy continues
to show a strong interest in produce pre-
scriptions. Increasingly, states are leverag-
ing flexibility in Medicaid through Section
1115 waivers and 1915 waivers in lieu of
service options to cover produce prescrip-
tions, and Medicare Advantage plans can
provide optional benefits to cover pro-
duce prescriptions (37). The USDA is cur-
rently providing $5 million per year in
competitive grants for produce prescrip-
tion implementation in health care set-
tings (27) and recently announced a
major expansion of this program (38).
Within this context, it is imperative
that components of successful produce
prescription models are identified and
scaled in future research.

Our study has several strengths. To
our knowledge, this is the largest study
with a comparison group to evaluate
the impacts of a produce prescription
on glycemic control and possibly the
first produce prescription evaluation to
assess impacts on health care use. The
analysis used biomarker data from elec-
tronic medical records that were mea-
sured by clinical staff, removing concerns
of biases related to self-reported health
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Table 3—Incidence rates of inpatient hospitalizations and emergency department admissions associated with program
participation at 6 and 9 months after enrollment

Treatment Control

Time interval Count Incidence rate (SE) Count Incidence rate (SE) Incidence rate ratio (95% Cl)
Inpatient hospitalizations

6 months 3 0.01 (0.01) 14 0.02 (0.01) 0.54 (0.14, 1.95)

9 months 5 0.02 (0.01) 24 0.03 (0.01) 0.54 (0.20, 1.50)
Emergency department admissions

6 months 1 0.01 (0.01) 4 0.01 (0.00) 0.53 (0.06, 4.72)

9 months 0.01 (0.01) 5 0.01 (0.00) 1.27 (0.30, 5.32)

N = 252 in treatment group, and n = 534 in control group. Results are from negative binomial GEE models using overlap weights created
from propensity scores. Models describe the incidence rate ratio (i.e., relative risk) of hospitalizations or emergency department admissions
between treatment and control groups. With overlap weights applied, the mean count of inpatient hospitalizations and emergency depart-
ment admissions within the 6 months before enrollment is equivalent for treatment and control groups. The produce prescription program

lasted 6 months for each participant.

measures. We collected data 1 year be-
fore program enrollment and up to
1 year after program enrollment, captur-
ing more baseline and end point meas-
urements, minimizing missing data, and
extending sensitivity analyses to 9 months
postenrollment. We used weighted longi-
tudinal models to assess trends over time
between treatment and control groups,
incorporating all available measurements
to increase statistical precision. Overlap
weights improved internal validity by ac-
counting for confounding while overcom-
ing limitations of other propensity score
techniques like matching, which may re-
duce sample size by excluding unmatched
individuals, or inverse probability treat-
ment weights, which may give more
weight to outliers. Finally, because re-
peat clinic visits were required for both
treatment and control participants for
study inclusion, differential bias resulting
from the frequency of clinic visits was
less likely, and the internal validity of the
study was likely preserved, although
findings may be most applicable to pa-
tients visiting their provider at least twice
per year.

There are several limitations in our
study. The health care, societal, financial,
and nutritional disruptions of COVID-19
are the largest. Hartford Healthcare re-
duced its clinic operations from March
to June 2020 and relied heavily on tele-
health, resulting in fewer laboratory
measurements during this period, lead-
ing to lower statistical precision. How-
ever, sensitivity analyses expanded our
time horizon to 9 months postenroll-
ment, allowing the capture of additional
end point data. Hartford Healthcare ob-
served that emergency department ad-
missions declined after March 2020,

suggesting avoidance or fear of contract-
ing COVID-19 (a trend seen nationwide)
(39) and potentially underpowering the
health care use analyses. The timing of
laboratory measurements was based on
provider judgment as part of routine
clinical care and was not standardized
for the study, and participants were
more likely than control participants to
have a laboratory measurement on their
enrollment date. This could have contrib-
uted to differences in timing and fre-
guency of outcome measures between
the two groups and subsequently biased
results in unpredictable directions. The
program did not assess F&V consump-
tion directly; however, redemption rates
were recorded and averaged 90% over
the course of the study. Because partici-
pants spent most of their allotted pro-
duce prescription of $60 per month,
F&V consumption likely increased, al-
though we cannot confirm this occurred.
This was not a randomized controlled
trial and could not determine causality,
although our methods aimed to lever-
age the most robust comparison group
available with adequate statistical power.
In summary, this quasiexperimental
study found that a 6-month produce pre-
scription program for individuals with di-
abetes, implemented during the onset of
the COVID-19 pandemic, was not associ-
ated with a significant change in HbA,,
BMI, blood pressure, or number of inpa-
tient hospitalizations or emergency de-
partment visits. These results were
inconsistent with prior pre/post and pi-
lot studies finding beneficial associations
between produce prescriptions and gly-
cemic control. As food-is-medicine pro-
grams expand in the U.S., future research
should assess the potential benefits and

important programmatic components of
produce prescriptions, using strong study
designs, including randomized controlled
trials, so that successful models can be
identified and scaled to improve health
equity and quality of care.

Funding. This research was supported by the
Rockefeller Foundation and Kaiser Permanente.
D.M. was supported by the National Heart,
Lung, and Blood Institute of the National Insti-
tutes of Health under award 2RO1HL115189-
06A1, and S.A.B. was supported by the National
Institute of Diabetes and Digestive and Kidney
Diseases of the National Institutes of Health un-
der award K23DK109200.

The funders had no role in the design or

conduct of the study, collection, manage-
ment, analysis, or interpretation of the data,
preparation, review, or approval of the manu-
script, or the decision to submit the manu-
script for publication.
Duality of Interest. D.M. reports personal
fees from Acasti Pharma, Barilla, Danone, and
Motif FoodWorks; scientific advisory board par-
ticipation for Beren Therapeutics, Brightseed, Cal-
ibrate, DayTwo (ended June 2020), Elysium
Health, Filtricine, Foodome, HumanCo, January,
Inc., Perfect Day, Season, and Tiny Organics;
stock ownership in Calibrate and HumanCo; and
chapter royalties from UpToDate, all outside of
the submitted work. S.A.B. and K.H. report per-
sonal fees from the Aspen Institute, outside of
the submitted work. No other potential conflicts
of interest relevant to this article were reported.
Author Contributions. K.H. wrote the first
draft of the manuscript. K.H., PS., and K.C.
conducted the analyses. Z.L. oversaw data ex-
traction and cleaning. K.C., S.A.B., D.M., and
F.F.Z. provided critical contributions in con-
ceptualizing the study design. J.C., JW., CV.,
E.B., S.S., and B.L. led implementation of the
program and were key to obtaining necessary
data for the analyses. All authors reviewed
and edited the manuscript. K.H. and F.F.Z. are
the guarantors of this work and, as such, had
full access to all the data in the study and
take responsibility for the integrity of the
data and the accuracy of the data analysis.

1175

€20z Joquualdas /| uo 1senb Aq Jpd'Gy91ZZoP/2ZZ10.L/69 ) L/9/9¥/1Pd-aloie/a1e0/610"s[euINOlSaaqeIp//:dlY WO Papeojumod


https://diabetesjournals.org/care

1176 Produce Prescriptions and Glycemic Control

References

1. Micha R, Penalvo JL, Cudhea F, Imamura F,
Rehm CD, Mozaffarian D. Association between
dietary factors and mortality from heart disease,
stroke, and type 2 diabetes in the United States.
JAMA 2017;317:912-924

2. Zhang FF, Cudhea F, Shan Z, et al. Preventable
cancer burden associated with poor diet in the
United States. JNCI Cancer Spectr 2019;3:pkz034
3. Shan Z, Rehm CD, Rogers G, et al. Trends in
dietary carbohydrate, protein, and fat intake and
diet quality among US adults, 1999-2016. JAMA
2019;322:1178-1187

4. Fang ZhangF, Liu J, Rehm CD, Wilde P, Mande
JR, Mozaffarian D. Trends and disparities in diet
quality among US adults by supplemental nutrition
assistance program participation status. JAMA
Netw Open 2018;1:e180237

5. Seligman HK, Schillinger D. Hunger and
socioeconomic disparities in chronic disease.
N EnglJ Med 2010;363:6-9

6. Gundersen C, Ziliak JP. Food insecurity and
health outcomes. Health Aff (Millwood) 2015;34:
1830-1839

7. Tarasuk V, Cheng J, de Oliveira C, Dachner N,
Gundersen C, Kurdyak P. Association between
household food insecurity and annual health care
costs. CMAJ 2015;187:E429-E436

8. Berkowitz SA, Seligman HK, Meigs JB, Basu S.
Food insecurity, healthcare utilization, and high
cost: a longitudinal cohort study. Am J Manag
Care 2018;24:399-404

9. Bhargava V, Lee JS. Food insecurity and health
care utilization among older adults in the United
States. J Nutr Gerontol Geriatr 2016;35:177-192
10. Lim SL, Ong KC, Chan YH, Loke WC, Ferguson
M, Daniels L. Malnutrition and its impact on cost
of hospitalization, length of stay, readmission and
3-year mortality. Clin Nutr 2012;31:345-350

11. Bode B, Garrett V, Messler J, et al. Glycemic
characeristics and clinical outcomes of COVID-19
patients hospitalized in the United States [published
correction appears in J Diabetes Sci Technol. 10
June 2020 (Epub ahead of print). DOI: 10.1177/
1932296820932678]. J Diabetes Sci Technol
2020;14:813-821

12. Kompaniyets L, Pennington AF, Goodman
AB, et al. Underlying medical conditions and
severe illness among 540,667 adults hospitalized
with COVID-19, March 2020-March 2021. Prev
Chronic Dis 2021;18:E66

13. Wortham JM, Lee JT, Althomsons S, et al.
Characteristics of persons who died with COVID-19
- United States, February 12-May 18, 2020. MMWR
Morb Mortal Wkly Rep 2020;69:923-929

14. Downer S, Berkowitz SA, Harlan TS, Olstad
DL, Mozaffarian D. Food is medicine: actions to
integrate food and nutrition into healthcare. BMJ
2020;369:m2482

15. Mozaffarian D, Mande J, Micha R. Food is
medicine-the promise and challenges of integrating
food and nutrition into health care. JAMA
Intern Med 2019;179:793-795

16. Downer S, Hager K, Sukys K, et al.
Massachusetts Food Is Medicine State Plan.
Boston, MA, Center for Health Law and Policy
Innovation at Harvard Law School, 2019

17. Hager K, Mozaffarian D. The promise and
uncertainty of fruit and vegetable prescriptions in
health care. J Nutr 2020;150:2846-2848

18. National Produce Prescription Collaborative.
Accessed 10 January 2023. Available from
https://nationalproduceprescription.org/

19. Little M, Rosa E, Heasley C, Asif A, Dodd W,
Richter A. Promoting healthy food access and
nutrition in primary care: a systematic scoping
review of food prescription programs. Am J
Health Promot 2022;36:518-536

20. Downer S, Kummer C, Hager K, Acosta V.
Food Is Medicine Research Action Plan. Washington,
DC, Aspen Institute, 2021

21. Veldheer S, Scartozzi C, Knehans A, et al. A
systematic scoping review of how healthcare
organizations are facilitating access to fruits and
vegetables in their patient populations. J Nutr
2020;150:2859-2873

22. Veldheer S, Scartozzi C, Bordner CR, et al.
Impact of a prescription produce program on
diabetes and cardiovascular risk outcomes. J Nutr
Educ Behav 2021,53:1008-1017

23. Bryce R, WolfsonBryce JA, CohenBryce A,
et al. A pilot randomized controlled trial of a fruit
and vegetable prescription program at a federally
qualified health center in low income uncontrolled
diabetics. Prev Med Rep 2021;23:101410

24. mass.gov. Massachusetts Delivery System
Reform Incentive Payment Program. Accessed
20 January 2022. Available from https://www
.mass.gov/info-details/massachusetts-delivery
-system-reform-incentive-payment-program
#flexible-services-

25. Hinton E, Artiga S, Musumeci MB, Rudowitz
R. A First Look at North Carolina’s Section 1115
Medicaid Waiver’s Healthy Opportunity Pilots.
San Francisco, CA, Kaiser Family Foundation,
2019

26. U.S. Department of Agriculture. Gus
Schumacher Nutrition Incentive Program RFA
2019. Accessed 10 January 2023. Available from
https://www.nifa.usda.gov/grants/funding-
opportunities/gus-schumacher-nutrition-incentive-
program-nutrition-incentive-0

27. Nutrition Incentive Hub. Gus Schumacher
Nutrition Incentive Program Training, Technical
Assistance, Evaluation, and Information Center
(GusNIP NTAE): Impact Findings. Accessed 10
January 2023. Available from https://www
.nutritionincentivehub.org/media/fjohmr2n/
gusnip-ntae-impact-findings-year-2.pdf

Diabetes Care Volume 46, June 2023

28. Wholesome Wave. Accessed 10 January 2023.
Available from https://www.wholesomewave.org/
29. Li F, Thomas LE, Li F. Addressing extreme
propensity scores via the overlap weights. Am J
Epidemiol 2019;188:250-257

30. LiF, Zaslavsky AM, Landrum MB. Propensity
score weighting with multilevel data. Stat Med
2013;32:3373-3387

31. Thomas LE, Li F, Pencina MJ. Overlap weighting:
a propensity score method that mimics attributes
of a randomized clinical trial. JAMA 2020;323:
2417-2418

32. Stewart H, Hyman J. Americans Still Can
Meet Fruit and Vegetable Dietary Guidelines for
$2.10-$2.60 per Day. Accessed 10 January
2023. Available from https://www.ers.usda.
gov/amber-waves/2019/june/americans-still-can-
meet-fruit-and-vegetable-dietary-guidelines-for-210-
260-per-day/

33. Kaiser Permanente. Produce Prescriptions at
Kaiser Permanente Southern California: An
Innovative ‘Food as Medicine’ Clinical Trial to
Improve Food Insecurity and Health Among
Medicaid Patients With Consistently Uncontrolled
Type 2 Diabetes. Accessed 19 October 2022.
Available from https://clinicaltrials.gov/ct2/show/
NCT05407376?term=produce&draw=2&rank=6
34. Veldheer S, Scartozzi C, Knehans A, et al. A
systematic scoping review of how healthcare
organizations are facilitating access to fruits and
vegetables in their patient populations. J Nutr
2020;150:2859-2873

35. White JS, Vasconcelos G, Harding M, et al.
Heterogeneity in the effects of food vouchers on
nutrition among low-income adults: a quantile
regression analysis. Am J Health Promot 2021;
35:279-283

36. Miller ER 3rd, Cooper LA, Carson KA, et al. A
dietary intervention in urban African Americans:
results of the “Five Plus Nuts and Beans”
randomized trial. Am J Prev Med 2016;50:
87-95

37. Center for Health Law and Policy Innovation.
Mainstreaming Produce Prescriptions. Accessed
6 June 2022. Available from https://chlpi.org/
project/food-is-medicine/

38. U.S. Department of Agriculture. USDA NIFA
Invests $40M to Improve Dietary Health and
Reduce Food Insecurity. Accessed 28 June 2022.
https://www.nifa.usda.gov/about-nifa/press
-releases/usda-nifa-invests-40m-improve-dietary
-health-reduce-food-insecurity

39. Jeffery MM, D’Onofrio G, Paek H, et al.
Trends in emergency department visits and
hospital admissions in health care systems in 5
states in the first months of the COVID-19
pandemic in the US. JAMA Intern Med 2020;180:
1328-1333

€20z Joquualdas /| uo 1senb Aq Jpd'Gy91ZZoP/2ZZ10.L/69 ) L/9/9¥/1Pd-aloie/a1e0/610"s[euINOlSaaqeIp//:dlY WO Papeojumod


https://doi.org/10.1177/1932296820932678
https://doi.org/10.1177/1932296820932678
https://nationalproduceprescription.org/
https://www.mass.gov/info-details/massachusetts-delivery-system-reform-incentive-payment-program#flexible-services-
https://www.mass.gov/info-details/massachusetts-delivery-system-reform-incentive-payment-program#flexible-services-
https://www.mass.gov/info-details/massachusetts-delivery-system-reform-incentive-payment-program#flexible-services-
https://www.mass.gov/info-details/massachusetts-delivery-system-reform-incentive-payment-program#flexible-services-
https://www.nifa.usda.gov/grants/funding-opportunities/gus-schumacher-nutrition-incentive-program-nutrition-incentive-0
https://www.nifa.usda.gov/grants/funding-opportunities/gus-schumacher-nutrition-incentive-program-nutrition-incentive-0
https://www.nifa.usda.gov/grants/funding-opportunities/gus-schumacher-nutrition-incentive-program-nutrition-incentive-0
https://www.nutritionincentivehub.org/media/fjohmr2n/gusnip-ntae-impact-findings-year-2.pdf
https://www.nutritionincentivehub.org/media/fjohmr2n/gusnip-ntae-impact-findings-year-2.pdf
https://www.nutritionincentivehub.org/media/fjohmr2n/gusnip-ntae-impact-findings-year-2.pdf
https://www.wholesomewave.org/
https://www.ers.usda.gov/amber-waves/2019/june/americans-still-can-meet-fruit-and-vegetable-dietary-guidelines-for-210-260-per-day/
https://www.ers.usda.gov/amber-waves/2019/june/americans-still-can-meet-fruit-and-vegetable-dietary-guidelines-for-210-260-per-day/
https://www.ers.usda.gov/amber-waves/2019/june/americans-still-can-meet-fruit-and-vegetable-dietary-guidelines-for-210-260-per-day/
https://www.ers.usda.gov/amber-waves/2019/june/americans-still-can-meet-fruit-and-vegetable-dietary-guidelines-for-210-260-per-day/
https://clinicaltrials.gov/ct2/show/NCT05407376?term=produce&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT05407376?term=produce&draw=2&rank=6
https://chlpi.org/project/food-is-medicine/
https://chlpi.org/project/food-is-medicine/
https://www.nifa.usda.gov/about-nifa/press-releases/usda-nifa-invests-40m-improve-dietary-health-reduce-food-insecurity
https://www.nifa.usda.gov/about-nifa/press-releases/usda-nifa-invests-40m-improve-dietary-health-reduce-food-insecurity
https://www.nifa.usda.gov/about-nifa/press-releases/usda-nifa-invests-40m-improve-dietary-health-reduce-food-insecurity

