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Abstract

Background: Having low-income limits one’s ability to purchase foods that are high in
nutritional value (e.g. vegetables and fruits (V/F)). Higher V/F intake is associated with less
diet-related chronic disease. Food pharmacy programs are potential solutions to providing V/F to
low-income populations with or at-risk for chronic disease.

Aim: This systematic review aimed to determine the effect of food pharmacy programs, including
interventions targeting populations at-risk for chronic disease.

Methods: We searched Pubmed and Google Scholar databases for studies reporting on food
pharmacy interventions and outcomes (hemoglobin Alc, body mass index (BMI), V/F intake, and
blood pressure). We calculated pooled mean differences using a random-effects model. Seventeen
studies met our inclusion criteria; 13 studies used a pre/post study design, three used a randomized
controlled trial, and one was a post-survey only.

Results: We found that the pooled mean daily servings of V/F (0.77; 95% CI: 0.30 to 1.24) was
higher and BMI (—0.40; 95% CI: —0.50 to —0.31) was lower with food pharmacy interventions We
did not find any differences in the pooled mean differences for hemoglobin Alc or systolic blood
pressure.

Conclusion: Findings posit that food pharmacy programs delivered to primarily low-income
individuals with comorbidities may be a promising solution to improving V/F intake and possibly
overall diet in these populations.
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Introduction

Chronic conditions, those lasting longer than four years, impacting individual functionality,
and requiring routine medical treatment, are highly prevalent in the United States (US).
Approximately 45% of all Americans have at least one chronic disease, and the prevalence
continues to increase (Raghupathi and Raghupathi, 2018). Chronic diseases, such as cancer,
diabetes, cardiovascular disease, hypertension, and obesity lead to long-term reductions in
quality of life and are among the leading causes of death in the US. In addition, chronic
diseases are extremely costly to the nation’s economic and healthcare systems, costing the
US economy more than a trillion dollars annually (GRAF, 2018) and accounting for almost
75% of aggregate healthcare spending, according to the Centers for Disease Control and
Prevention (Centers for Disease Control and Prevention, 2009).

Several risk factors, including inadequate nutrition and physical inactivity, have been cited as
factors contributing to the increasing the prevalence of the aforementioned chronic diseases.
Food insecurity, defined by the United States Department of Agriculture (USDA) as the lack
of reliable access to an adequate supply of nutritious food to support a healthy lifestyle (US
Department of Agriculture, 2019), has more recently been associated in a growing body of
literature with a higher risk of diet-related chronic disease and poorer disease management
(Gregory and Coleman-Jensen, 2017; Laraia, 2013).

A 2017 report by the USDA of 41,854 working-age adults living below 200 percent

of the Federal poverty line examined 10 chronic health conditions (asthma, arthritis,
cancer, chronic obstructive pulmonary disease, coronary heart disease, diabetes, hepatitis,
hypertension, kidney disease and stroke) and the role of food insecurity as a risk factor
across the range of household food security categorizations. Lower food security (i.e.
food insecurity) was associated with a higher risk of all 10 chronic conditions examined,
the number of chronic conditions reported, and self-reported health status (Gregory and
Coleman-Jensen, 2017). Adequate and healthy diet plays a noteworthy role in chronic
disease risk and management. Increased fruit and vegetable intake is known to reduce the
incidence of diet-related chronic diseases (Aune et al., 2017; Harsha et al., 1999; Obarzanek
et al., 2001; Rolls et al., 2004). However, for many food insecure individuals and families,
this is simply not a possibility or a reality, due to the higher costs and limited access

(e.g. limited stores selling healthy food options or lack of transportation) to healthy foods,
particularly fresh vegetables and fruits (V/F) (Raghupathi and Raghupathi, 2018).

Food pharmacy or food prescription programs (henceforth referred to as ‘food pharmacy
programs’ in this manuscript) have emerged as a novel solution to address health status in
populations with chronic disease. Food pharmacy programs vary, but often utilize physicians
or other health care professionals to identify food insecure or low-income patients with

a diet-related chronic disease, such as cancer, diabetes, heart disease, hypertension, and
obesity, and recommend or “prescribe” the individual to the program. While varied, the
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food pharmacy programs essentially provide supplemental fruits and vegetables and other
therapeutic foods, which are high in fiber, vitamins, and minerals (Lundeen et al., 2017), to
participants, with the aim of improving chronic disease management. Typically, patients

can either redeem their food prescription on-site at the clinic or at a partnering food
supplier (e.g. local farmer’s markets, grocery stores, or mobile markets), depending on the
program. The cost of the food pharmacy program is often subsidized by grants or non-profit
organizations, but the cost per patient typically ranges between $10-$50 per week. Food
pharmacy programs range in length between weeks to months. There have been several
studies that have aimed to evaluate the effectiveness of food pharmacy interventions, but the
design and findings vary, and many studies are underpowered to detect change.

In this systematic review, we aimed to determine the effect of food pharmacy programs in
the US on chronic disease risk factors and present the findings of the pooled effects of these
interventions, discuss limitations, and offer suggestions for future interventions to reduce the
burden of chronic disease for low-income populations with chronic disease.

Search strategy

We performed a systematic search on PubMed and Google Scholar databases. The search on
PubMed used the following search details: ““fruit and vegetable’ prescription program”. The
search on Google Scholar used the following terms: “‘fruit and vegetable’, ‘prescription’
program, health center, low-income, intervention, obesity, hypertension, diabetes.”

Inclusion/exclusion criteria

We included original articles that used a V/F food pharmacy program intervention in people
with diet-related chronic disease (e.g. obesity, diabetes, hypertension, or cardiovascular
disease). Studies included in our review required an intervention component that either used
food checks/coupons redeemable for fresh fruits and vegetables or food boxes containing
fresh fruits and vegetables. Studies could also include other intervention components as part
of the intervention (e.g. education), but needed to have at least one arm that received a food
pharmacy component. All interventions included in this analysis aimed to improve health
outcomes or increase fruit and vegetable consumption and were conducted in the US. Any
study design was eligible for inclusion, as long as studies had an intervention that met our
inclusion criteria. We excluded studies that were not peer reviewed, not in English, that

we could not access in their entirety, or that did not report a health outcome. We were
particularly interested in studies that included low-income individuals, but because there
were limited studies on the topic at large, we did not exclude studies if the study population
was not primarily low-income. For dissertation/thesis results, we searched to see if the
articles had been published, even under a different title, and we tried to contact the author
to see about publication updates. To further enrich the number of studies in our review, we
reviewed references of all studies that met our inclusion criteria in the initial systematic
search. The searches were performed on December 9, 2020.
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Data extraction

For each article, we extracted data on the author, year published, comorbidity/ies of

the study population, study design, sample size, intervention, duration of intervention,
outcome(s), and results for the outcome(s). We focused on four main outcomes: hemoglobin
Alc, body mass index (BMI), daily fruit and vegetable servings, and systolic blood pressure.
The mean and standard deviations for continuous data and percent for categorical data,

for both comparison groups (e.g. pre/post or intervention/control) and the number in each
group were extracted for each study. One study reported mean weekly servings of V/F;
therefore, we divided the mean servings by seven to get a value for mean daily servings.

For the one study that reported V/F in cups per day, we assumed that a serving was one

cup. For studies that had multiple interventions (i.e. education vs. nutrition with education
vs. control), we only used the intervention arm that included fruits and vegetables or healthy
foods as part of the intervention. If education was part of the nutrition intervention, we

were not able to assess the effects of nutrition only. For studies that were missing variability
data, we contacted the authors to see if they would provide this information. All results
were reviewed by two of the authors (AH and JG). PRISMA (Preferred Reporting Items for
Systematic Reviews and MetaAnalyses) guidelines were followed.

Quality of studies

We used the Methodological Index for Non-Randomized Studies (MINORS) instrument
(Slim et al., 2003) to determine the quality of the included studies. While this was
developed for studies on surgical procedures, we felt that the questions were relevant for
the topic we were reviewing and allowed for an objective assessment of study quality.

We used items 1-8 and 12 (stated aim, inclusion of consecutive patients, prospective data
collection, appropriate endpoints, unbiased study endpoints, appropriate follow-up, low loss
to follow-up, calculation of study size, and adequate statistical analyses) for all studies. For
randomized control trial studies (RCTSs), we also used items 9-11 (adequate control group,
contemporary group, and baseline equivalence of groups). For quality assessment, all items
were coded as “0” for not reported, “1” for reported but inadequate, and “2” for reported and
adequate. Scores were summed (1-8 and 12 for pre/post and post only studies and 1-12 for
RCTs) for a maximum overall study quality score of 18 for pre/post and post-only studies
and 24 for RCTs and standardized by dividing the calculated score by the maximum score.
Higher scores indicated better study quality.

Statistical analysis

We calculated medians and ranges of study characteristics. We calculated pooled effects
for studies that reported both means and measures of variability for the main outcomes

of interest. To calculate the pooled effect size, we first converted standard deviations to
standard errors of the mean. We did not have variability measures for one study, so we
imputed the missing values with the average reported standard error of the means for

all studies reporting on the respective health outcome (e.g. hemoglobin Alc or fruit and
vegetable consumption). Because of unknown variability in our studies, we calculated
pooled mean differences for the main outcomes using a random-effects model with the
Hartung-Knapp-Sidik-Jonkman method (IntHout et al., 2014). We did a pooled analysis for
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outcomes that had at least three studies reporting on them. We used the /2 index to assess
heterogeneity, and we used Egger’s test to assess publication bias. The interpretation of /2
values were based on Cochrane categorization: 30-60% represents moderate heterogeneity
and >75% represents considerable heterogeneity (Higgins et al., 2021). The pooled effect
sizes, forest plots, and corresponding statistical tests were generated using the meta package
of R. All analyses were conducted using R, version 3.6.1. As a sensitivity analysis, we also
calculated pooled estimates for studies that did not include an educational component or
adjusted for education in their study design. We used data that were publicly available and
that did not include patient-identifiable data. Therefore, we did not require oversight by an
Institutional Review Board, in accordance with 45 CFR §46.102(f). The protocol for this
systematic review and meta-analysis was not pre-registered with PROSPERO, nor has there
been a protocol paper published previously.

The searches produced 20 results in PubMed and 347 results in Google Scholar. We
excluded 238 that did not include an intervention of any type, 62 that were not food
pharmacy interventions, 18 that were review articles, 18 that did not report health outcomes,
seven that reported baseline results only, three that were dissertations with no corresponding
peer-reviewed article, and three that did not report quantitative results. We further removed
seven articles because they were duplicates of other included articles. We included six
articles that we found during a search of the article references. In total, we found 17 articles
that met our inclusion criteria (Figure 1).

For studies that reported respective sociodemographic characteristics (Table 1), the median
percentage of study participants who were white was 27% (range = 2-92; n = 12 studies);
the median percentage of study participants who were female was 66% (range = 52-84; n
= 12 studies); and the median age of study participants was 58 years old (range = 13-72;

n = 10 studies). For studies that reported Medicare/Medicaid and Supplemental Nutrition
Assistance Program (SNAP) assistance, the median percentage of Medicare/Medicaid
recipients was 55% (range = 9-94; n = 5 studies) and the median percentage of SNAP
recipients was 54% (range = 50-65; n = 4 studies).

The characteristics of each study, including the study design, intervention, duration of the
intervention, and main health outcomes, are reported in Table 2. Thirteen studies used a
pre/post study design, three used an RCT design, and one was a post-survey only. Five
studies were targeted towards populations with a combination of comorbidities, five studies
were targeted towards populations with only diabetes, one was targeted towards a population
with hypertension, five were targeted towards populations that were obese/overweight, and
one did not indicate the specific comorbidity of interest, only that chronic disease was

high. Eleven interventions provided vouchers for fresh fruits and vegetables, three provided
boxes with healthy foods (including V/F), two provided meals, and one provided fruit and
vegetable samples. For those that provided vouchers, the value of these ranged between $7
and $40 per week. The interventions for the included studies ranged from six weeks to one
year. All studies except for one (n = 16) had a study population where the majority of study
participants were low-income.
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We found that the most common health outcomes reported, beginning with the most
common reported outcome, were fruit and vegetable consumption, systolic blood pressure,
BMI, and hemoglobin Alc. Overall diet quality, fiber intake, food insecurity, and episodes
of hypoglycemia were also reported, but were less common. For the overall effects, we
found that the pooled mean difference in daily servings of fruits and vegetables was
significantly higher with a food pharmacy intervention than in control groups (mean = 0.77;
95% CI: 0.30 to 1.24; Figure 2). The pooled mean difference in BMI was lower among
with food pharmacy intervention (mean = —0.40; 95% CI: —0.50 to —0.31). We did not

find any differences in the pooled mean differences for hemoglobin Alc (mean = -0.23;
95% CI: —0.77 to 0.32) or systolic blood pressure (mean = -2.34; 95 Cl: -6.02 to 1.33).

All pooled estimates, except for BMI had considerable and significant heterogeneity (# >
75%), but because there were few studies, we were not able to do subgroup or sensitivity
analysis. There was no evidence of publication bias with the Egger’s test, where the p-values
were 0.18 for systolic blood pressure, 0.69 for fruits and vegetables, 0.54 for hemoglobin
Alc, and 0.83 for BMI. Results were similar studies that did not include an educational
component (Supplemental figure). Because of fewer studies in the meta-analysis, daily
servings of fruits and vegetables was no longer significant, but was in the same direction
(mean = 0.71; 95% CI: -0.29 to 1.70).

We found that most studies were of moderate quality, with a median score of 69% (range
50-96%) on the MINORS Index. While most studies were clear in the study aim, very few
studies did a formal statistical sample size calculation.

Discussion

In this manuscript, we present a review of the literature on food pharmacy interventions
designed to improve diet and reduce chronic disease burden in primarily low-income
individuals with comorbidities and to estimate the average effect of these interventions.

We found that food pharmacy programs that seek to provide high-quality foods, such as
fruits and vegetables, to individuals with comorbidities and that are primarily low-income,
may be effective in improving fruit and vegetable intake and possibly overall diet. Of

the studies that assessed fruit and vegetable consumption, the studies that had the biggest
improvement in fruit and vegetable consumption provided a $10 weekly voucher or fruit
and vegetable samples (about three servings per day). Costs for these items seem minimal
when compared to costs of managing comorbid conditions (Lee et al., 2019), especially
since these costs may be subsidized by programs, such as the recently authorized Produce
Prescription Program, (US Department of Agriculture, 2018) which provides funds for state
and local agencies to partner with healthcare providers in providing fruits and vegetables

to low-income individuals with diet-related conditions. Further, these programs could likely
result in long-term cost savings that would exceed the programmatic costs if implemented
through a large scale program such as the SNAP (Choi et al., 2017).

Our review is similar to a prior systematic review conducted by Lundeen et al., that aimed
to comprehensively describe programs that connected food insecure patients with food
resources (Lundeen et al., 2017). While this previous review did include many studies on
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food pharmacy programs, its aim was to describe ways to connect people with limited food
access to food resources, rather than the effect of these programs on health outcomes.

Even though most of the included studies were conducted in populations who were low-
income, only two of the studies reported the effects of a food pharmacy intervention on food
insecurity. Of these studies, one found that offering 10 medically-tailored meals per week
reduced food insecurity in participants with diabetes and food insecurity (Berkowitz et al.,
2019), but the other study that offered a healthy food box to participants who were food
insecure did not find any differences in food insecurity between pre and post intervention
(Wetherill et al., 2018). The results of these studies show that there is equipoise in whether
providing food prescription programs, especially ones that offer V/F exclusively, can reduce
food insecurity in populations that are low-income and have a comorbidity, and future
studies should be conducted to elucidate these effects.

While the median percentage of whites was often low in the studies we included in

this review, none of these studies discussed the inclusion of American Indians or Alaska
Natives, who are disproportionately affected by chronic diseases, such as obesity and
diabetes (Hutchinson and Shin, 2014; Subica et al., 2017), and who have food security rates
higher than other racial subgroups (Jernigan et al., 2017). Food pharmacy programs may

be particularly beneficial in American Indians who have had a historical reliance on Food
Distribution Program on Indian Reservations programs that have often included shelf-stable
and processed foods, but are low in fresh V/F (Halpern, 2007). Future research should
evaluate the effect of food pharmacy program on these populations.

We did not find that these programs had any detected effect on chronic disease risk factors,
such as systolic blood pressure or hemoglobin Alc. These measures may require longer
follow-up time to see health improvements, or they may require interventions that are more
comprehensive than the addition of fruits and vegetables (e.g. the lowering of calories

or sodium, the addition of other healthy foods, or the addition of a physical activity
component). The lack of statistically significant effect for these outcomes may also be
because many of the studies were small (median sample size was 60) and may not have
been powered to detect differences in these outcomes, since only two of the included studies
reported adequately reported and carried out a calculation of sample size.

Most of the studies we included had small sample sizes, and the health effects of food
pharmacy interventions are still unknown when these programs are implemented on a larger
scale. One of the included studies in this review administered fruit and vegetable vouchers
to low-income participants throughout the state of Washington (Marcinkevage et al., 2019).
Participants reported having improvements in fruit and vegetable consumption, but because
the analysis came from questions administered post-intervention only and relied on dietary
recall only after the intervention, further studies will need to confirm the directionality of
effect. Another ongoing study to improve health in a community with high rates of diabetes
and poverty includes a collaborative effort between university researchers, Walgreens, a
local Farmer’s market, and six health centers on the south side of Chicago (Goddu et al.,
2015). Patients were provided with a prescription for diet type (e.g. low carbohydrates, low
fat, high fiber, or low sodium), coupons redeemable for fresh fruits and vegetables at the
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local Farmer’s market, and a coupon for discounted healthy food ($5 off a purchase of $20
of healthy foods) at any one of the local, participating Walgreen’s stores. The results of
this study are still pending, but the partnership of a national retailer with local clinics is

an example of a food prescription program being implemented on a large-scale with the
potential to benefit thousands of individuals.

While this is a relatively new area of research, we found that many studies used a pre-post
study design, and only three of the included studies were RCTs, which provide higher
quality evidence of effectiveness. For RCT studies, the results of diet quality and V/F
consumption were reflective of the overall positive findings. However, one RCT study found
that providing frozen meals that adhere to the Dietary Approaches to Stop Hypertension
guidelines led to an increase in BMI, and it is unknown if and how an intervention of fruits
and vegetables or vouchers for fruits and vegetables would also affect BMI (Racine et al.,
2012). Most of the included studies had small sample sizes, which may lead to unreliable
effects, especially since most studies did not do a formal assessment of sample size required
to achieve adequate power to detect meaningful differences prior to implementation. We also
found that there was variability in follow-up time, which should be both meaningful and
adequate to allow for proper assessment of health outcomes. Future studies that use an RCT
study design, include adequate sample sizes, and have robust and time-sensitive follow-up
data collection events post-intervention should be conducted in order to better assess the
benefit of food pharmacy interventions.

A strength of the study is that this is the first meta-analysis to examine the effects of food
pharmacy programs on health outcomes. This is particularly noteworthy as food pharmacy
programs may provide an inexpensive way to manage chronic health conditions, especially
when they result or are affected by food insecurity. Another strength is that we only included
RCTs, since they are the gold standard for establishing causality. One of the limitations of
this study is that we were limited to the studies published, which may have been affected

by publication bias. We did do formal testing of publication bias and did not find evidence
of this, but there were not a lot of studies included that reported on each outcome. Another
limitation to this analysis is the small number of studies published on this topic. This is a
relatively new avenue of research, and we look forward to seeing more studies, especially
RCTs powered to detect effect on chronic disease burden, published on this topic. Of note,
we did see a lot of heterogeneity, and because of the small number of studies in our analysis,
we were not able to do subgroup analysis. Another limitation is that we only used two
databases to search for results, which may limit the studies we found. PubMed is commonly
used for systematic review searches, but the use of Google Scholar is only recently gaining
use in this space due to its increasing coverage of literature. (Halevi et al., 2017) Because

of this, most of the potential and usable articles were produced by the Google Scholar
search. Finally, with any study examining the effects of diet on health outcomes, there is the
potential for recall bias since methods to calculate actual intake are difficult, invasive, and
rarely done.
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Conclusion

In conclusion, we found that food pharmacy programs have the potential to improve diet
quality in individuals who have chronic disease and may have limited access to healthy
foods. Larger, randomized studies powered to detect effect on chronic disease burden, with
adequate follow-up time are needed to evaluate the effect of these programs on chronic
health conditions. Further, more research is needed in how these programs can benefit other
populations, such as Native Americans and Alaska Natives who have high rates of food
insecurity and chronic disease.
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Implications for research and practice

We found food pharmacy programs improve V/F intake and may improve the overall diet
in primarily low-income populations with diet-related chronic health conditions. Food
pharmacy programs may be a solution in the healthcare setting for people with chronic
disease who are trying to improve their diet, and which may be medically cost-saving

if implemented through large-scale public nutrition programs. While we found that diet
was improved, we did not find that these programs improved measures of health, such

as hypertension, Alc, or obesity. The studies that assessed these measures were not
adequately powered to research this question and may not have had adequate follow-up
time, and therefore further higher-quality, longer-term research needs to be done to be
able to answer this question, while addressing current limitations in the literature.
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Screening and selection process for intervention studies evaluating food pharmacy programs

effect on health outcomes.
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Sociodemographic variables in interventional food pharmacy programs for primarily low-income individuals

with at least one comorbidity (n = 12 studies).

Variable Number of studiesreporting variableinformation Median Range
White, % 12 27 2-92
Female, % 12 66 52-84
Age, mean 10 58 13-72
Medicare/Medicaid recipients, % 5 55 9-94
Supplemental Nutrition Assistance Program assistance, % 4 54 50-65
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