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Abstract: The number of food-insecure individuals with diabetes is on the rise. FOODRx is a
supplemental healthy food intervention program that gave disease-appropriate food boxes to food-
insecure patients with diabetes at their care clinic and included nutrition and recipe materials in
the patient’s preferred language (English, Spanish, or Somali). Implemented over a twelve-month
period, we analyze FOODRx participants’ pre and post clinical measures, health care usage, and
program/clinic satisfaction, and found that participation was linked to post improvements in fasting
glucose and HgbA1c levels, reductions in ER visits and healthcare costs, and a decline in patients
choosing between medication and food. Glucose levels decreased from 214 to 187 mg/dL and
HgbA1c levels decreased from 9.6% to 9.1%. Average ER visits dropped from 1.21 to 1 visit and the
reductions in healthcare costs were reflected in a decrease of an average of USD 250,000 in insurance
claims. Patients were less likely to experience food insecurity, as measured in number of meals
skipped and levels of hunger. Finally, the program improved patient satisfaction with the cultural
responsiveness of the information shared with them.

Keywords: food security; diabetes; food as medicine; care management

1. Introduction

According to the American Diabetes Association, 9% of the American population
is diabetic and “1.4 million individuals are diagnosed with diabetes every year [1]”. If
this trend continues, 1 in 3 adults will be diabetic by 2050 in the United States (US) [1].
Diabetic patients are hospitalized for strokes and heart attacks at twice the rate of patients
without diabetes. Nearly 65% of diabetic individuals die from heart disease and stroke [2,3].
Simultaneously, food-insecure adults—individuals 18 years old or more who lack access to
enough food for an active and healthy life [4]—are 1.7 times more likely to have diabetes
and 1.4 times more likely to have a cardiovascular disease [5].

Care management and condition complications are major contributors to the direct
and indirect costs of diabetes for patients and medical systems. Further, diabetic patients’
medical costs may rise to a point where limited financial resources force them to decide
between paying their medical bills and meeting their daily basic food needs. This is termed
the “medicine and food trade-off [6]”.

These difficult budgeting decisions further complicate symptoms by making diabetes-
appropriate products such as fruits, vegetables, whole grains, and lean proteins financially
out of reach [6–9]. Patients’ choose between the appropriate food and medication and
monitoring supplies for their conditions [7,10]. Therefore, inadequate and inconsistent
access to disease-appropriate food is likely an important factor in the association between
food insecurity and poor disease management control among adults with diabetes [10–14].
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Healthcare providers who are unaware of patients’ lack of access to adequate food
are unable to address the issue [15]. The patients’ lack of self-management would be
misunderstood as nonadherence and medically addressed. Meanwhile, healthcare systems
and insurance payers (including Medicaid—the state/federal program for low-income
people or for people on public assistance) bear a large proportion of the growing operational
costs when food-insecure patients are diabetic or suffer cardiovascular disease. These
include costs related to managing the disease, treatment, and services related to diabetes
complications. The emerging literature has demonstrated the relevance of healthy food
among food-insecure diabetic individuals in improving their self-care management and
health outcomes [16,17].

We add to previous evidence by conducting a feasibility trial utilizing a pre–post
program designed over a twelve-month period among diabetic and cardiovascular disease
patients at a Family Health Center clinic in the city of St. Cloud, state of Minnesota in
the US. We studied the effect of a supplemental healthy food intervention, combined with
clinical specialty care and disease management education, on health outcomes, self-care
management (dietary intake, diabetes distress, self-efficacy, and medication adherence),
healthcare utilization, and healthcare costs. The program, called FOODRx, introduced the
concept of food as a prescription and as preventive care through a partnership between
a healthcare system and a food bank. CentraCare Health (CCH), the largest healthcare
system in Central Minnesota in the US, and Second Harvest Heartland (SHH), the largest
food bank in the state of Minnesota in the US, collaborated to deliver and study this
innovative program.

Although other programs have addressed the need for disease-appropriate food
for diabetic individuals and those with lipid metabolism disorders in non-traditional
and clinical settings separately, to our knowledge, this was the first program formally
attempting an inter-institutional approach to more efficiently identify and deliver treatment
to the target population [6–18].

The inspiration for FOODRx came from an earlier pilot food bank intervention targeted
to diabetic individuals in food pantries and partnering clinics [19]. FOODRx differed from
and expanded on these programs in several ways. First, the program brought the concept
of food as medicine directly into healthcare settings and integrated it into the patients’
existing care. This was made possible because of the strong partnership and collaboration
between the clinic and food bank. Second, FOODRx targeted diagnosed diabetic patients
and those with lipid metabolism disorders, which more efficiently directed resources to
those in need. Third, the program addressed patients’ cultural preferences by incorporating
languages and recipes that mirrored the clinic’s patient population into the food boxes.
Fourth, given the high cost of diabetes care management for providers and patients, due
to the high care usage of diabetic patients, the program also incorporated analysis at the
level of the patients’ healthcare service utilization and usage costs to understand potential
impacts on cost.

In Minnesota, 63.5 per 1000 Minnesotans are diabetic, and more than 200,000 residents
have been diagnosed with congestive heart failure or ischemic heart disease [20]. The
prevalence of diabetes is significant in the areas outside the Twin Cities, especially in
Central Minnesota [21]. This becomes more significant when considering that this area has
seen a rapid change in demographics due to an increase in Somali community members
since 2010. Among this community, the prevalence rate of diabetes is high (12.1% according
to the Center for Disease Control (CDC) [21]).

CentraCare Health is the largest healthcare provider in Central Minnesota and serves
as the primary care provider for approximately 70% of the population in the region [20,21].
Second Harvest Heartland is the largest food bank in the state and one of the largest in
the U.S. Each yea, over half a million people receive food support through SHH’s network
of nearly 1000 food shelves, pantries, and other partner programs, serving 59 counties in
Minnesota and western Wisconsin.
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To evaluate the impact of FOODRx, we follow 28 patients and estimate the pre-
program (average measures 12 months before program started), begin-program (initial
measures taken at the beginning of the program), and post-program (final measures taken
at the end of the program) changes in laboratory tests, healthcare usage, and costs. We ad-
ditionally compare subjective changes in the patients’ perceptions regarding food security,
medicine and food trade-off, self-management care, and general program satisfaction.

This research provides evidence of the effectiveness of a food intervention program
to target food-insecure diabetic patients and those with lipid metabolism disorders to
reduce related complications, thereby reducing the cost of care. To our knowledge, it also
offers the first effectiveness analysis of a program that incorporated the partnership of two
non-traditional partners (healthcare provider and a food bank) in a traditional healthcare
environment (clinic) [18,22,23]. In addition, by incorporating an analysis of pre–post survey
questions, our research was able to show improvements in self-care, disease management
skills, and decreased food insecurity among the patients using the program. Finally, this
research provides some explorative insights on the impact of a food and health intervention
on an under-studied group such as the Somali population in MN.

2. Program Overview: Materials and Methods
2.1. Materials

SHH provided the food box interventions for the FOODRx program. Monthly boxes
were given to participants during the 12 months of the program at their care clinic and
consisted of (1) disease-appropriate food, (2) written informational materials, (3) recipes
tailored to the nutritional and cultural needs of the patients, and (4) a USD 10 gift certificate
to buy fresh produce at a local grocery store. Extended information of the program materials
is available in the appendix (Tables A1–A4).

The boxes were combined with active specialty diabetic and cardiovascular care man-
agement classes and clinical specialty diabetic and cardiovascular care for adult diabetes
patients and those with lipid metabolism disorders from food-insecure households at Cen-
traCare’s Family Health Center clinic (see more in Section 2.4). All medical and hands-on
nutritional care was provided by CCH. The program started in September 2016 and ended
in October 2017. Because the program tried to smoothly incorporate participants by con-
necting their registration to their regular visits, the implementation of the program was
carried out over September and October of 2016. Most patients started in September. The
termination of the program also followed this two-month rolling period. The program and
study were approved by the CentraCare internal Independent Review Board on 21 July
2016 (CC-20180702).

2.2. Food Box

The participants were able to select from four culturally and disease-appropriate
FOODRx boxes: traditional American, Somali, Hispanic, and Heart Disease. Patients
diagnosed with a lipid metabolism disorder were encouraged to select the Heart Disease
FOODRx box. The monthly boxes included culturally appropriate shelf-stable food items
and disease-appropriate recipes and education to correspond with the box type selected.
The recipes and educational materials were created by a Registered Dietitian at SHH and
were reviewed by the clinic staff. The recipes and education for the Somali and Hispanic
boxes were in Somali/English and Spanish/English, respectively, to further encourage
their utilization. The boxes were distributed by Second Harvest Heartland staff at the clinic.
Four out of the twelve box pick-ups were paired with a meeting with a Registered Dietitian
or Certified Diabetes Educator. When possible, the rest of the box pick-ups were scheduled
at patients’ regular visits.

2.3. Clinic Selection

The organizations selected one clinic for the pilot program. The Family Health Center
in St. Cloud, Minnesota, was selected because of its likelihood to serve individuals fitting
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the eligibility criteria for the study. The geographic location of the clinic, service coverage,
and structure also provided enough space for the execution of the program. Because this
clinic is connected to the larger health system CCH, and the system’s large service coverage,
we were able to follow patients at any level of care within the system to largely account for
their healthcare utilization activity during the time of the study (from regular doctor visits
to general hospital and ER visits).

2.4. Participant Selection

Figure 1 shows the flow chart of the program’s participant selection. Using CCH sys-
tem records, patients were identified, screened, and enrolled during a two-month recruiting
period (September and October 2016) based on the following four stages: (1) potential
participants’ identification, (2) food security screening, (3) eligible participants enrollment,
and (4) final participants.
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Figure 1. Program recruitment flow chart.

2.4.1. Potential Participants Identification

The identification process of potential participants began in September 2016 using the
exclusion and inclusion criteria.

a. Exclusion Criteria:

The potential participant should not have a cognitive impairment, a psychiatric hospi-
talization history, or a chemical dependency, nor should there be an inability or unwilling-
ness of the individual or legal guardian/representative to give written informed consent.
Patients who were in advanced stages of vision impairment were not eligible to participate.



Diabetology 2024, 5 114

b. Inclusion Criteria:

The potential participant must be a current patient at the Family Health Center,
currently diagnosed with either Type 2 Diabetes or a lipid metabolism disorder, age 21
to 65, have current health insurance enrollment in Minnesota Assistance (also known as
Medicaid or public health insurance for low-income families), and able to understand the
study procedures and comply with them for the entire length of the study. Recruitment
was slower than anticipated due to disconnected phone lines and an inability to reach
many patients. After using the exclusion and inclusion criteria, 300 patients were identified
as potential participants. Out of this group, 126 patients were reachable via phone or in
person, and 174 patients were unreachable.

2.4.2. Food Insecurity

The reachable patients were screened for food insecurity. Food security is achieved
when a person, at all times, has physical and economic access to sufficient, safe, and
nutritious food to meet his/her dietary needs and food preferences for an active and
healthy life. It is determined by food availability, access, utilization, stability of supply,
and is linked to livelihood security. To identify food insecurity, we follow the U.S. Adult
Food Security Survey Module and NHANES survey questionnaires on food security [24].
In this analysis, individuals must answer positively to 1 out of 3 screening questions in
order to be identified as food insecure [25]. Accordingly, the participants were classified as:
(a) food-insecure patients (n = 60) or (b) food-secure patients (n = 66).

2.4.3. Eligible Participants Enrollment

Enrollment lasted 2 months, through the month of October. Out of the 60 eligible par-
ticipants, 46 patients initially enrolled (42 with diabetes and 4 with both a lipid metabolism
disorder and diabetes) and 14 did not enroll. Enrollment was via phone and doctor visits
to obtain a written consent form.

2.4.4. Final Participants

Of these 46 initial participants, 28 continued in the program until the end (full-program
participants), a 61% retention rate. Meanwhile, 16 patients dropped out. The reasons for
withdrawing from the program were: (1) unable to contact (12 of our initial participants
were disenrolled from the study due to disconnected phone lines and an inability to reach
them), (2) comorbidities and other chronic illness (3 participants who dropped out of
the study did so because of other conditions that made adherence to the study protocol
impossible), and (3) changing clinics (one participant was disenrolled from the study due to
changing what health center they used for their diabetes care). These dropouts happened
largely in the first two months of the study.

At the outset of the program, the participants had an initial visit with their provider to
consent to the study, take the pre-survey, laboratory tests, and select and receive their first
box. At the end of the program, the patients picked up their final boxes, had labs drawn,
and took a post-intervention evaluation survey. Additional support resources were offered
to those interested. In most cases, the laboratory tests were matched with the patients’
regular medical checkups to decrease the patients’ burden of multiple doctor visits.

2.5. Study Data

This study uses three sources of data to evaluate the impact of the program: (1) clin-
ical/labs administrative data, (2) patient survey data, and (3) claims data (for all claims
regardless of the payor). Figure 2 shows a flowchart of the data collection and its timing.
Clinical/labs and claims data were collected at every stage of the program and retrospec-
tively. Patient survey data were only collected at the beginning and end of the program.
Claims databases collect information on interactions with the health system that generates a
paying claim, such as: doctors’ appointments, medical interventions, medication provided
in the healthcare system, insurance information, and other patient–provider communi-
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cations. For purposes of confidentiality and privacy, all information was transmitted in
compliance with Health Insurance Portability and Accountability act of 1996 (HIPAA)
requirements to SHH’s patient data warehouse and access was limited to the researchers
depending on their need to know. Only the researchers in this document had access to
all sources. For comparison reasons, the study also uses information from the 12 months
preceding the start of the program (retrospective data). Therefore, the data cover the period
from September 2015 until October 2017.
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Figure 2. Data timing, note: clinical, labs, and claims data were only collected for those individuals
who enrolled in the program. Given the large service coverage of the healthcare system, retrospective
data are available for all those who enrolled in the program.

2.5.1. Clinic/Labs Administrative Data

CCH provided data on patients’ characteristics, (sex, age, marital status, language,
religion, tobacco consumption, and aspirin use) laboratory and health indicator mea-
sures (Fasting Glucose (mg/dL), Hemoglobin A1c Levels—HgbA1c (%), Low-Density
Lipoprotein (LDL) Cholesterol Levels (mg/dL), Blood Pressure (mmHg), Body Mass Index
(BMI—weight in kilograms divided by height in meters squared), all patient’s encounters
with the health system (ER visits, inpatient, outpatient, and recurrent visits), and the final
accepted claims connected to those encounters. We identified the participants’ disease-
related medical measures and medical care usage costs from the participants’ actual medical
care usage 12 months before the program started and their usage during the program.

2.5.2. Claims Administrative Data

Claims data are very useful for following individuals’ use of health services in a
relatively consistent format. They consist of billing codes that healthcare providers submit
to payers. Hence, most patient encounters and medical costs are traceable. Given the
complexity of these data, only accepted and unique claims for each Hospital ID per patient
were included. When more than one claim was connected to a Hospital ID and patient, it
was checked if it was an administrative issue by looking at the timeframe of the encounter
and the submitted claim.

Direct costs were estimated using insurance claims information that accounted for
the amount claimed to insurance companies for all the possible hospital encounters each
patient had with CCH during the period of analysis. We also estimated what we call
indirect costs—or non-hospital encounters, like office visits. The indirect costs per patient
were estimated for office visits using the actual number of visits reported in the clinical and
claims data and the estimated average commercial costs of similar-length visits (30 min
short visits, more than 45 min long visits) [25].
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2.5.3. Survey Instruments

Pre and post surveys were administered to the patients. The surveys asked a total of
30 questions on food security, dietary intake, diabetes distress, self-care management, med-
ication adherence, patient satisfaction, and retention variables. A full list of the questions
in the questionnaires, with corresponding sources, is in the online Appendix A [19,25–30].

2.6. Target Outcomes
2.6.1. Primary Target Outcomes

The food intervention was evaluated in terms of the following primary areas: (1) health-
care outcomes post-study using the following measures: HgbA1c (%), Fasting Glucose
(mg/dL), LDL (mg/dL), VLDL (mg/dL), HDL (mg/dL), Cholesterol (mg/dL), Triglyc-
erides (mg/dL), Blood Pressure (mmHg), and BMI, (2) material hardships, as measured
by the participants’ surveys (measures of food insecurity (yes to one of the food insecurity
questions), medication nonadherence (%), diabetes distress (%), self-efficacy, and medica-
tion affordability), and (3) mental health, as measured using depression questions in the
participant survey [19,27–30].

2.6.2. Secondary Target Outcomes

To account for the return-on-investment evaluation and patient satisfaction, the study
also considers: (1) healthcare utilization and costs, including inpatient services, outpatient
services, office visits, and “No Show” visits using patient-level claims data in the health
system, and (2) changes in patient satisfaction scores.

2.7. Impact Analysis Methodology

Using the data of 28 participants, we follow a tailored pre–post evaluation of the
program based on observational changes. To account for the lack of randomness in the
application of treatment (i.e., the provision of food boxes), when possible, we consider three
time periods: “Before”, “Start”, and “Post”. For the “Before” period, we use information
12 months before the start of the program. The “Start” measure considers the values at the
beginning of the program, when participants registered. The “Post” period is the follow-up
measure at the end of the program.

The “Before” period is used to eliminate any bias in measuring the individuals’ be-
havioral responses. Measurement of behavior is a regular challenge in health intervention
programs, because participants may feel compelled to change their behavior right before
the start of such programs. Time-sensitive measures such as the ones evaluated in this
research could be biased by these behavioral changes if we only look at the measures
right at the start of the intervention [31]. By using the “Before” period when the program
was not in place, the individuals could have not been able to adjust their behavior due to
possible future participation in the health intervention program. Individual behavioral
pre-participation changes are regular problems in health intervention programs, because
interventions can take time to be implemented [32]. Participants may feel compelled to
change their behavior right before the start of such programs. Time-sensitive measures
such as the ones evaluated in this research could be biased by these behavioral changes
if we only look at the measures right at the start of the intervention [33]. Therefore, the
comparative analysis in this report uses the Before, Pre, and Post periods to evaluate the
impact of the intervention.

For healthcare utilization and costs, we use the “Before” and “During” periods for
evaluation. The “Before” period allows us to compare between equal time periods before
FOODRx started and the period that reflects the duration of the program. For the evaluation
of individuals’ food security status, self-care management, and service satisfaction, we use
a pre–post survey.

We use non-parametric alternatives to the usual measures in large samples. Non-
parametric alternatives to large sample tests are the Sign test and Wilcoxon’s matched
pairs test. When the variables of interest are dichotomous in nature (i.e., “yes” or “no”),
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then McNemar’s Chi-square test is used. Meanwhile, Cochran Q is particularly useful for
measuring changes in frequencies (proportions) across time. The study sample size limits
the application of multivariable methods to account for correlations and other confounding
elements. Nevertheless, due to the uniqueness of the partnership and the data, we are able
to know most of the measures of 18 of the patients who dropped out of the program after the
first two months. All dropped out right after the first two months of the program. This way,
we can also observe the degree of selectivity among the participants and non-participants,
and compare patients who were equally eligible for the program at the beginning of the
intervention. All the data analyses were executed using Excel (2023) for Microsoft 365 and
Stata 16.1.

3. Results

The final sample in this study included 28 individuals who were diagnosed with
diabetes and/or a lipid metabolism disorder and were identified as food insecure. As
shown in Table 1, 71% of the participants were women, with a median age of 54, 39%
were White and 39% were Black, 36% were Muslim, 36% identified themselves as Somali,
54% were non-married, and only 7% were current smokers. For contrast, we show the
characteristics of the dropouts. This group was younger than the final participant group
(median age 45), had a balanced gender representation, and was more likely to be Black
(50%), Christian/Catholic (56%), and prefer the written language to be English (72%).

Table 1. Characteristics of final participants and dropouts.

Characteristic Participants (N = 28) Dropouts (N = 18)

Age
Average 53 44
Median 54 45
Maximum 66 65

Female (%) 71 50
Race/Ethnicity (%)

White 39 33
Black 39 50
Other 18 11

Religion (%)
Muslim 36 28
Christian/Catholic 29 56
Other 14 0
None or No response 14 17

Language Written (%)
English 54 72
Somali 36 22
Other 7 0
No Response 4 6

Marital Status (%)
Non-Married 54 56

Current Smoker (%) 7 28
Unemployed (%) 50 -
Gift Card usage (average) 8 -

Source: Authors’ own calculations using merged data from clinical administrative, survey, and gift card usage
data. Notes: Percentages do not sum up to 100 because of non-responses. Dropouts were patients who were
eligible and dropped out of the program in the first two months of the implementation of the program.

3.1. Laboratory and Other Health Measures

The results indicate there were significant improvements in fasting glucose and
HgbA1c. Comparing the period before the program against the post-program measures
(Table 2), there were improvements in the average fasting glucose and HgbA1c, at a
5 percent significance level. In the Post period, at least 25 percent of the sample had
HgbA1c lower than or equal to 7.5 percent.
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Table 2. Laboratory and health measures among participants and dropouts.

Final Participant Dropout
N Before Pre Post N Before Pre Post

Glucose levels
Glucose D 28 214 201 187 (*) 16 170 177 178
HbA1C (%) 28 16

Average 9.6 9.2 9.1 (**) 8.1 7.9 9.3 (**)
>9% 71 54 54 (**) 25 31 44 (**)
Experienced reduction 71 61 20 40
Average change −0.2 −0.1 0.2 0.3

Lipids Measures (mg/dL)
Cholesterol 18 153 162 161 12 192 162 140
LDL 18 85 90 88 12 97 86 73
VLDL 18 30 32 32 12 38 32 29
HDL 18 38 40 41 12 40 38 37
Triglycerides 18 154 159 160

BMI 28 36.13 35.93 36.64 18 33.58 33.73 32.95
Blood Pressure(mmHg)

Diastolic 28 72 72 72 18 78 77 78
Systolic 28 120 119 120 18 123 121 127

Source: Authors’ own calculations using merged data from clinical administrative data. Notes: Level reduction
compares the proportion of individuals showing hemoglobin reductions comparing the period versus the post
period. Average reduction is the average of the proportion reduction at the individual level. * p < 0.10 and
** p < 0.05 when comparing Before and Post.

The reductions in these levels also lowered the participants’ median level in Before and
Post. However, the measures taken at the beginning of the program (Pre measures) were not
significantly different from the Post measures, because the Pre measures were specifically
scheduled during the first two months of the beginning of the program, allowing for some
potential participant behavioral changes before taking the laboratory tests. Meanwhile, the
Post measures were taken during the individuals’ regular check-ups near the end of the
program (final two months). The Before measures were taken before the program was even
in place, during the 12 months preceding the beginning of the program, so we would not
expect behavioral changes among the participants.

Notice that individuals who dropped out of the program, although starting at lower
glucose and hemoglobin levels before and pre-program, showed increases in these measures
in the period that accounts for post-program. Although this group is not a traditional
control group, we can see another comparable group that did not show the reductions we
see in the program’s participants. However, it may also show that those dropping out of
the program were less likely to adhere to disease care programs. They were, on average,
younger and had HgbA1c levels below 9%. Yet, they ended up reaching very poor HgbA1c
levels on average at the end of the program. Table 2 also shows that changes in the other
measures were not statistically significant. The participants maintained their lipids levels,
BMI measures, and blood pressure measures.

3.2. Health Services Utilization and Costs

Table 3 shows the estimation of health services utilization and costs. Our analysis
explores the healthcare usage and costs of the participants before and during the program.
The results show positive impacts on both utilization and costs among the FOODRx
program participants. In total, the participants had fewer hospital encounters with the
healthcare system during the duration of the program, especially those related to ER visits.
The average number of ER visits per patient visiting the ER went from 2.48 visits during the
12 months before the program started to 2.15 during the 12 months of the FOODRx program.
This change was statistically significant at the 10 percent level. If all 46 participants are
considered regardless of ER usage, the reduction is more dramatic, from 1.21 to 1 visit on
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average and statistically significant at the 5 percent level. For outpatient visits, there was
an increase in visits per user, but the number of total encounters stayed the same.

Table 3. Healthcare usage and costs Before and During the program among participants.

Before During Test

HEALTHCARE USAGE
Hospital Encounters
Number of

ER visits 34 28
Outpatient visits 68 68
Inpatient visits 6 5

Average
ER Visit per participant 1.21 1.00 **
ER Visit per ER user 2.48 2.15 *

Outpatient visit per participant 2.43 2.43
Outpatient visit per user 3.57 4 *

Office Visits
Number of

Short visits (30 or less minutes) 271 468
Long visits (30+ minutes) 75 51

Average
Short visits per user 8.96 16.6 ***
Long visits per participant 2.68 1.82
Long visits per user 3 2.55

Medical COSTS
Health Insurance Claims

Number of Claims 198 141
Claims (USD thousand) 597.24 355.62

Average Claims (USD thousand) 3.02 2.55
ER-related Claims (USD thousand) 64.77 48.73 *

Average per user (USD thousand) 4.98 3.75
Outpatient-related Claims (USD thousand) 67.33 60.28

Average per user (USD thousand) 4.21 4.02
Source: Authors’ calculations using clinical administrative data and insurance claims data. Note: Per user average
computes the average per patient who has used the service in the particular period. Per patient average compute
the average based on all 28 participants. Statistically significance levels *** p < 0.01, ** p < 0.05, and * p < 0.10.

In part due to the reduction in costly utilization visits, we saw a decrease in the cost
of care for participating patients. We found a forty-four percent reduction in claims going
from USD 597,240 to USD 355,620. This represents an average per claim change from USD
3020 to USD 2550 (15.5% reduction). More significantly, ER-related claims went down from
USD 65,000 to USD 49,000. This translates into a per user average change from USD 4980 to
USD 3750. However, due to sample size and variation, this change was not significant at
the traditional statistical significance level. Contributing to this was the number of claims
submitted, which went down by 57 claims.

3.3. Food Security, Self-Care Management, and Patient Satisfaction

The program had a significant impact on individuals’ food security by decreasing the
practice of cutting or skipping meals due to lack of money and reducing the proportion
of patients who did not eat when hungry because they did not have money to buy food.
These were direct impacts from providing regular food boxes to these patients. In terms of
indirect effects, the program reduced the likelihood of trading off food versus medicine
in both directions. More patients reported never having to put off buying one for the
other after the end of the program. There were also more patients who did not run out of
disease-appropriate food because of money following the program, but the results are not
statistically significant at traditional levels.

There were several measures of patient satisfaction that increased as a result of partici-
pating in the FOODRx program. On average, we saw a significant increase in referrals to
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registered dietitians. Patient satisfaction with educational activities also increased signifi-
cantly. Cultural specificity was also a strong satisfaction indicator and key to maintaining
the participation rate during the program.

Table 4 shows the results of the proportion of patients for questions that had categorical
options and the average rankings for patient-satisfaction-related questions. Only one of the
participants did not respond to the post-program survey.

Table 4. Survey instruments’ results Pre and Post program.

Pre Post Test

(N = 27) (N = 27)

Food Security
Food did not last (Often/Sometimes) 85 63
Cannot afford balanced food (Often/Sometimes) 85 63
Cut size/skipped meals b/c no money (Yes) 52 15 **
Eat least than should b/c no money (Yes) 59 19
Hungry but didn’t eat b/c no money (Yes) 44 7 ***
Overall Diet, Self-care and Medication Adherence
Vegetables and veggie stew (at least once per week) 33 81
Ran out of disease-appropriate food b/c of money (Never) 26 59
Put off buying food b/c buying medicine (Never) 67 96 ***
Put off buying medicine b/c buying food (Never) 63 93 **
Patient Satisfaction
Overall Doctor Visits (average) 4.3 4.4
Nutritionist referral (Yes) 74 93 ***
Educational program responds to cultural needs (average) 2.1 3.4 **
Overall rating educational activities (average) 2.6 4.1 ***

Source: Authors’ calculations and pre-post surveys administered at the beginning and at the end of the program.
Note: Each measure shows in parenthesis the category or unit of the response. Rating measures were shown in
averages, while the other categories show the proportion of people who responded the way the category identifies.
Statistically significance levels *** p < 0.01, ** p < 0.05.

4. Discussion

This study evaluates the feasibility and effectiveness of a health intervention program
targeted to patients diagnosed with diabetes and/or a lipid metabolism disorder and
focused on food consumption and self-care management in a clinical setting but with a
non-traditional partnership. Previous food bank pilots have highlighted the need for this
kind of partnership to improve the way communities manage low-income members’ health
issues [17,22,32]. Food banks know how to reach vulnerable populations, while healthcare
systems serve and care for diagnosed patients and targeted populations. The complemen-
tary nature of these two systems’ expertise helps to address the issue of food insecurity and
other social and economic determinants of health among low-income populations, while
connecting the clinical care and treatment necessary among patients with chronic diseases.

Our work shows that both the patients and clinic experienced positive outcomes as a
result of the intervention. However, like in other food and medicine programs, we found
that, on the patients’ side, HgbA1c levels decreased, but among patients that had higher
levels, fasting glucose levels did not change [18,22,34]. Our work adds to the discussion
on changes in patients’ relationship with their clinic. We found that patient satisfaction
increased. Patients also saw beneficial reductions in several measures of food insecurity
and increased satisfaction in educational resources [18,19,34,35]. Meanwhile, as recent
research has focused on payors’ perspectives, we also found that the healthcare system
experienced a reduction in usage and costs related to the costliest services among diabetic
patients (ER visits) [36]. We do not have information about pharmacy costs in our analysis,
so we are unable to compare with a full insurance company perspective.

Similar to previous programs, this intervention creates a model for partnerships
between food banks and healthcare partners to target specific vulnerable populations
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diagnosed with diet-related chronic diseases. Unlike these previous programs, we made
the meeting center a clinic [6,17,18,22,24,34].

The Food Is Medicine Movement [18] calls for the creation and embrace of partnerships
similar to the one presented in this study. Although there seems to be interest in solving
health issues among low-income patients, the feasibility of these partnerships depends on
creative thinking, risk taking, and new collaborations. Policymakers should find ways to
encourage these partnerships as models for health promotion, public health, and population
health issues.

5. Limitations

There are important limitations in our research worth highlighting. First, the program
lacks a random design and a strategy for identifying a treatment and control group [22].
There is also lack of current research on average national and statewide trends for diabetic
patients on these measures by population, against which we may compare. Because
enrollment was restricted to one clinic, this limited the demographics and the number
of potential participants. Future programs can be expanded to different clinics serving a
broader population.

Second, although the retention rate was high compared to similar interventions (61%
retention rate vs. 45–58% in other studies), the sample size was small. Therefore, this
limits the degree to which the study can use more sophisticated techniques to evaluate the
program impact. Third, as in previous food pilot programs, FOODRx offered a combination
of resources in addition to food boxes (i.e., monthly gift cards and educational activities).
The simultaneous implementation of the initiatives limits the capacity to disentangle
individual impacts.

Fourth, because food box pick-ups were recorded as visits, some of the increase in the
number of clinical short visits was the result of food box pick-ups. This increase in usage
impacted our financial analysis due to the increase in short office visits. We are unable to
separately identify these changes. To encourage retention, the clinic would match pick-ups
as close as possible to regular visits, and when not possible, these were recorded as short
office visits, but no extra code was provided to identify them as FOODRx-related.

Further, our statistically significant changes do not translate into large changes in
individuals’ health. Despite the statistically significant reduction in A1C and cholesterol
levels, the participants reflected medically unhealthy levels that required higher reductions
to make a sounding impact on individual risk levels.

In the implementation stage, our program required participants to retrieve their boxes
at the clinic. Several patients reported transportation being one of the main issues for no
shows no box pick-ups. Some other food interventions have directly addressed this issue
by using a food delivery option. However, those programs did not assess the participants’
patient experience during the progress of their program [36]. More work is needed to
understand if our required regular visits were the reason for increasing the participants’
clinic comfortability levels, rather than the food boxes. A follow up after the intervention
period could provide some clues on whether the participants maintained in check with
their regular doctor visits and diabetes management.
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Table A1. Data source: labs/clinical.

Category Values Optimal Level or
Variations Source

HbA1c Laboratory <7/0% Laboratory
Fasting Glucose Laboratory >126 mg/dl Laboratory

LDL/HDL Laboratory <100/45 mg/dL Laboratory
Blood Pressure Doctor visit/lab <130/80 mm Hg Doctor visit/lab
Triglycerides Laboratory <150 mg/dL Laboratory

Heart Failure event Inpatient/outpatient admin.
Data. 1: Yes, 2: No Categorical Clinical/admin. data

Height Doctor visit Continuous Clinical/admin. data
Weight Doctor visit Continuous Clinical/admin. data

Date of Birth (age) DD/MM/YYYY Continuous Clinical/admin. data
Sex Male; Female Categorical Clinical/admin. data

Race/Ethnicity White/Black/Hispanic/Other Categorical Clinical/admin. data
Language Written Preference English/Somali/Spanish/Arabic/Other Categorical Clinical/admin. data

Marital Status Married/Non-Married Categorical Clinical/admin. data
Insurance Status Open-ended Depends on system Clinical/admin. data

Diabetes diagnostic Yes or No Participants are already
diabetic patients Clinical/admin. data

CVD diagnostic Yes or No Categorical Clinical/admin. data
Other Chronic diseases? Yes or No Categorical Clinical/admin. data

Tobacco Use Yes, No, Never used Categorical Clinical/admin. data
Aspirin Use Yes, No, Not Applicable Categorical Clinical/admin. data
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Table A2. Data source: insurance claims data.

Variables Measure Comments and Source

Inpatient Services

Hospital inpatient days and costs Days and claimed insurance cost Claims insurance data

Outpatient Services

Office Visits number of visits, length, and
estimated costs

Claims insurance data and Minnesota
Community Measurement

ER visits number of visits, length, and
estimated costs

Claims insurance data and Minnesota
Community Measurement

Hospital Outpatient Days and claimed insurance cost Claims insurance data

Table A3. Estimated price of office Visits (commercial cost).

Average Commercial Cost Average

Office visit, Established Patient, 5 min USD 45
Office visit, Established Patient, 10 min USD 87
Office visit, Established Patient, 15 min USD 146

Short Office Visit Average Cost USD $93
Office visit, Established Patient, 25 min USD 232
Office visit, Established Patient, 40 min USD 313

Long Office Visit Average Cost USD $273
Office visit, New Patient, 10 min USD 92
Office visit, New Patient, 20 min USD 161
Office visit, New Patient, 30 min USD 240

Short Office Visit Average Cost, New Patient USD $164
Office visit, New Patient, 45 min USD 365
Office visit, New Patient, 60 min USD 457

Long Office Visit Average Cost, New Patient $411
Source: Average commercial costs come from Minnesota Community Measurement’s Cost and Utilization
Report (2016–2017) https://mncmsecure.org/website/MNHealthScores%20Snapshots/2019%20MY/Appendix%
20Tables/ACP_Office%20Visit%202019MY%20Results.pdf [accessed on 16 February 2024]. To estimate the change
in office visits costs, we use the number of visits to the doctor by each patient and the average commercial
procedure cost estimated by the healthcare system. We also use information on the average Medicaid procedure
cost. For the average procedure cost per office visit, we separate the visits between short versus long office visits
and established versus new patients. This allows us to obtain a closer estimate of the actual cost per doctor’s visit.

https://mncmsecure.org/website/MNHealthScores%20Snapshots/2019%20MY/Appendix%20Tables/ACP_Office%20Visit%202019MY%20Results.pdf
https://mncmsecure.org/website/MNHealthScores%20Snapshots/2019%20MY/Appendix%20Tables/ACP_Office%20Visit%202019MY%20Results.pdf
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Table A4. Survey instruments and sources.

Question Answer Source

The first statement is, “The food that (I/we) bought just didn’t last, and (I/we) didn’t
have money to get more”. Was that often, sometimes, or never true for (you/your
household) in the last 12 months?

1: Often true

[24]
2: Sometimes true
3: Never true
4: DON’T KNOW

“(I/we) couldn’t afford to eat balanced meals”. Was that often, sometimes, or never
true for (you/your household) in the last 12 months? [SURVEYOR: Show card #2
and circle number client points to below; if client asks what a “balanced meal”
means, respond: “you can define balanced meal in whatever way you think is best”]

1: Often true

[24]
2: Sometimes true
3: Never true
4: DON’T KNOW

In the last 12 months, since last (name of current month), did (you/you or other
adults in your household) ever cut the size of your meals or skip meals because there
wasn’t enough money for food?

1: Yes; 2:No; 3:DK [24]

How often did this happen—almost every month, some months but not every month,
or in only 1 or 2 months?

1: Almost every month

[24]
2: Some months but not every month
3: Only 1 or 2 months
4: DON’T KNOW

In the last 12 months, did you ever eat less than you felt you should because there
wasn’t enough money for food? 1: Yes; 2:No; 3:DK [24]

In the last 12 months, were you every hungry but didn’t eat because there wasn’t
enough money for food? 1: Yes; 2:No; 3:DK [24]

In the last four weeks how often did you eat any fresh fruit, canned fruit, or fruit in
smoothies? Don’t count juices.

1: Less than once per WEEK; 2: About 1 time per WEEK; 3: 2–3 times per WEEK; 4:
4–6 times per WEEK; 5:Once per DAY 6: 2 or more times per DAY [26]

In the last four weeks how often did you eat green salad (such as lettuce or spinach
salad)?

1: Less than once per WEEK; 2: About 1 time per WEEK; 3: 2–3 times per WEEK; 4:
4–6 times per WEEK; 5:Once per DAY 6: 2 or more times per DAY [26]

In the last four weeks how often did you eat vegetable soup or stew with vegetables? 1: Less than once per WEEK; 2: About 1 time per WEEK; 3: 2–3 times per WEEK; 4:
4–6 times per WEEK; 5:Once per DAY 6: 2 or more times per DAY [26]

During the past month, have you often been bothered by feeling down, depressed, or
hopeless? 1: Yes; 2:No; 3: Don’t Know [27]

Sometimes people run out of the food they need to take care of their diabetes and
don’t have enough money or resources to get more. In the last 30 days, how often did
you run out of the food you needed to take care of your diabetes? Would you say. . .

1: Never

[17]
2: Rarely
3: Sometimes
4: Often
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Table A4. Cont.

Question Answer Source

Do you ever forget to take your medicine? 1: Yes; 2: No; 3: Don’t Know [28]

Are you careless and/or confused at times about taking your medicine? 1: Yes; 2: No; 3: Don’t Know [28]

When you feel better do you sometimes stop taking your medicine? 1: Yes; 2: No; 3: Don’t Know [28]

Sometimes if you feel worse when you take the medicine, do you
1: Yes; 2: No; 3: Don’t Know [28]stop taking it?

In the last 12 months, how often did you take less medicine than you were supposed
to because you could not afford to buy more? 1: Never, 2: Rarely, 3: Sometimes, 4: Often [17]

In the last 12 months, how often did you put off buying food so that you would have
money to buy your medicines? 1: Never, 2: Rarely, 3: Sometimes, 4: Often [17]

In the last 12 months, how often did you put off buying for medicines so that you
would have money to buy food? 1: Never, 2: Rarely, 3: Sometimes, 4: Often [17]

Exercising regularly?

1: So Difficult that you couldn’t do it at all

[29]
2: Very Difficult, you hardly ever do it
3: Difficult, but you could do it some of the time
4: Not difficult, you could do it most of the time
5: Not difficult, you got it exactly right
6: [Don’t read] Doesn’t Apply, you don’t do it, or members of your diabetes team
did not recommend it

Following your recommended eating plan?

1: So Difficult that you couldn’t do it at all

[29]

2: Very Difficult, you hardly ever do it
3: Difficult, but you could do it some of the time
4: Not difficult, you could do it most of the time
5: Not difficult, you got it exactly right
6: [Don’t read] Doesn’t Apply, you don’t do it, or members of your diabetes team
did not recommend it

Checking your blood sugar?

1: So Difficult that you couldn’t do it at all

[29]

2: Very Difficult, you hardly ever do it
3: Difficult, but you could do it some of the time
4: Not difficult, you could do it most of the time
5: Not difficult, you got it exactly right
6: [Don’t read] Doesn’t Apply, you don’t do it, or members of your diabetes team
did not recommend it
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Table A4. Cont.

Question Answer Source

Checking your feet for wounds and sores?

1: So Difficult that you couldn’t do it at all

[29].

2: Very Difficult, you hardly ever do it
3: Difficult, but you could do it some of the time
4: Not difficult, you could do it most of the time
5: Not difficult, you got it exactly right
6: [Don’t read] Doesn’t Apply, you don’t do it, or members of your diabetes team
did not recommend it

Overall rating of doctor visits Scale [30] and Authors
creation0 to 10 (0 worse to 10 Excellent)

Have you been referred to a nutritionist by your doctor before?
1: Yes,

[30] and Authors
creation

2: No,
3: Not Applicable

Have you been referred to an educational program by your doctor before?
1: Yes,

[30] and Authors
creation

2: No,
3: Not Applicable

How many times have you attended a diabetes educational workshop in the last 12
months? Numerical Open ended. [30] and Authors

creation

Rate educational programs ability to give information as wanted to manage your
condition

Scale [30] and Authors
creation0 to 10 (0 worse to 10 Excellent)

Rate educational programs ability to care responsive to cultural needs Scale [30] and Authors
creation0 to 10 (0 worse to 10 Excellent)

Overall rating of nutrition counseling Scale [30] and Authors
creation0 to 10 (0 worse to 10 Excellent)

Overall rating educational activities Scale [30] and Authors
creation0 to 10 (0 worse to 10 Excellent)
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