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Dissertation Chapter Abstracts

The overall objective of this dissertation was to assess the impact of Food is Medicine policies on clinical
outcomes and healthcare utilization among food-insecure individuals. The central hypothesis was that the
provision of nutritious food through US healthcare systems to food-insecure Americans with or at risk of chronic
disease will improve health at a cost-effective level. The long-term goal of this dissertation is to guide national
policies regarding how Food is Medicine programs may be leveraged and expanded to improve health and

wellbeing.

Chapter One

The Impact of Produce Prescriptions on Diet, Food Security and Cardiometabolic Health Outcomes: A

Multi-Site Evaluation of Nine Produce Prescription Programs in the U.S.

Background: Produce prescriptions may play a role in improving cardiometabolic health by increasing fruit and
vegetable (F&V) consumption yet impacts on clinical outcomes have not been evaluated in large-scale studies.
The high prevalence of diet-related disease and adverse effects of food and nutrition insecurity underscore the
need for larger evaluations. Our objective was to evaluate the impact of produce prescriptions on F&V intake,
food security, self-reported health, and clinical biomarkers of cardiometabolic health including hemoglobin Alc

(HbAc), blood pressure (BP), and body mass index (BMI).

Methods: This is a multi-site, pre- and post-evaluation of 9 U.S. produce prescription programs, operated at 22
locations in 12 U.S. states, using individual-level data. The study included 3,881 individuals (2,064 adults aged
18+ years and 1817 children aged 2-17 years) with, or at risk for, poor cardiometabolic health recruited from
health clinics serving low-income neighborhoods. Programs provided financial incentives via vouchers or
electronic cards to purchase F&V at grocery stores or farmers markets (median value = $63 per month; program
duration 4 — 10 months). F&V intake, food security, and self-reported health were measured using surveys;
HbA1lc, BP, and BMI for adults and BMI z-score for children were measured at clinics. Adjusted, multilevel

mixed models were used to account for clustering by program location.

Results: After a median participation of 6.0 months, F&V intake increased by 0.83 (95% CI: 0.67, 1.00) and 0.21
(95% CI: 0.03, 0.39) cups per day among adults and children, respectively. The odds of being food-insecure



halved (odds ratio [OR]: 0.54 [0.45, 0.64]) and the odds of improving one category in self-reported health status
more than doubled for both adults (OR: 2.05 [1.66, 2.52]) and children (OR: 2.52 [1.95, 3.26]). Among adults
with HbAlc >=6.5%, HbAlc declined by -0.33 percentage points (-0.47, -0.20); among adults with stage I and II
hypertension, systolic and diastolic BP declined by -8.62 mmHg (-10.44, - 6.81) and -4.97 mmHg (-6.00, -3.93),
respectively; and among adults with overweight or obesity, BMI decreased by -0.34 kg/m*(-0.62, -0.07). Child
BMI z-score did not change.

Conclusion: In this large-scale evaluation, produce prescription participation was associated with significant
improvements in F&V intake, food security, and self-reported health for adults and children, and clinically
relevant improvements in HbAlc, BP, and BMI for adults with poor cardiometabolic health. Findings support the
potential for meaningful benefits of produce prescriptions and the need for large, randomized trials and further

scaling of produce prescriptions.

Chapter Two

Evaluation of a Produce Prescription Program for Patients with Diabetes: A Longitudinal Analysis of

Glycemic Control

Background: Produce prescriptions have shown promise to improve diabetes care, although most studies used
small samples or lacked controls. Our objective was to evaluate impacts of a produce prescription program on

glycemic control for patients with diabetes.

Methods: Participants included a non-random enrollment of 252 patients with diabetes who received produce
prescriptions and 534 similar controls from two clinics in Hartford, CT. The start of the COVID-19 pandemic in
March 2020 coincided with program implementation. Produce prescription enrollees received US $60/month
vouchers for six months to purchase produce at grocery retail. Controls received usual care. The primary outcome
was change in glycated hemoglobin (HbA 1c) between treatment and controls at six months. Secondary outcomes
included 6-month change in systolic and diastolic blood pressure (SBP and DBP), body mass index (BMI),
hospitalizations, and emergency department admissions. Longitudinal generalized estimating equation models,

weighted with overlap weights created by propensity scores, assessed changes in outcomes over time.



Results: At six months, there was no significant difference in change in HbA1c between treatment and control
groups, with a difference of 0.13 percentage points (95% CI: -0.05, 0.32). No significant differences were
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)). The incidence rate ratios for hospitalizations and emergency department visits were 0.54 (0.14, 1.95)

and 0.53 (0.06, 4.72), respectively.

Conclusion: A 6-month produce prescription program for patients with diabetes, implemented during the onset of

the COVID-19 pandemic, was not associated with improved glycemic control.

Chapter Three

Economic Analysis of Insurance Coverage of Medically Tailored Meals and Estimated Hospitalizations

and Healthcare Expenditures in the US

Background: Medically tailored meals (MTMs) are associated with lower healthcare utilization among patients
with complex diet-related diseases, but are not a covered benefit in Medicare or Medicaid. The potential impact of
extending MTMs nationally remains unknown. The objective was to estimate one- and ten-year potential impacts
on annual hospitalizations, annual healthcare expenditures, and overall policy cost effectiveness national MTM
coverage for patients with diet-related disease and limited instrumental activities of daily living in Medicaid,

Medicare, and private insurance.

Methods: This is a population-level, cohort policy simulation model estimated change in annual hospitalizations
and healthcare expenditures from MTM coverage. 1,000 Monte Carlo simulations jointly incorporated uncertainty
in model inputs for effect sizes, hospitalizations, healthcare expenditures, and program costs. We used a
nationally representative sample from the 2019 Medical Expenditure Panel Survey of US adults age 18+ covered
by Medicare, Medicaid, or private payers with at least one diet-sensitive condition and limitation in instrumental
activities of daily living, representing an estimated 6.3 million individuals nationally. We modelled ten
nutritionally tailored MTMs/week for an average of 8 months in each year of intervention. Outcomes were total

hospitalizations, program costs, healthcare expenditures, and net policy costs.

Results: At baseline, mean (SD) patient age was 68.1 (16.6) years, 4.0 million (63.4%) were women, 4.2 million

(66.7%) were non-Hispanic White, and 4.8 million (76.5%) received Medicare and/or Medicaid. Most common



eligibility diagnoses were diabetes, cardiovascular diseases, and cancer. If all 6.3 million eligible individuals
received MTMs, an estimated 1,594,000 hospitalizations (95% UI: 1,297,000, 1,912,000) and $38.7 billion (24.9,
53.9) healthcare expenditures could potentially be averted in one year. Program costs were $24.8 billion (23.1,
26.8), for an associated net savings of $13.6 billion (0.2, 28.5) from a healthcare perspective. In 2019 dollars, ten
years of the MTM intervention was anticipated to cost $298.7 billion (279.7, 317.4), potentially averting
18,257,000 hospitalizations (14,690,000, 22,109,000), and reducing healthcare expenditures by $484.5 billion
(310.2, 678.4), for net savings of $185.1 billion (12.9, 377.8). Findings were robust in multiple sensitivity

analyses.

Conclusion: National implementation of MTMs for patients with diet-sensitive conditions and activity limitations

could potentially avert 1.6 million hospitalizations and save a net $13.6 billion annually.



Introduction and Rationale

“Food is Medicine” interventions are of rapidly growing interest to healthcare systems, payers, patients,
and policymakers.'” Food is Medicine programs integrate payment for or direct provision of healthy food to
patients in coordination with a healthcare partner to improve diet-related health outcomes. Major examples
include produce prescriptions and medically tailored meals (MTMs). Produce prescriptions offer free or
discounted produce to ambulatory patients based on a range of eligibility criteria, whereas MTMs provide home-
delivered, nutritious meals tailored to outpatients with severe chronic conditions and limitations in activities of
daily living. Such programs hold great promise as potentially low-cost strategies to improve nutrition, food
security, health, and quality of life, however research remains limited regarding how best to leverage Food is
Medicine to improve clinical outcomes and healthcare utilization.

Rigorous empirical assessments of the efficacy of produce prescription programs on clinical outcomes
and healthcare utilization are limited.*> Most produce prescription program evaluations have been small pilots and
meaningful results will require larger samples and/or pooled data across multiple programs. Most previous
assessments of produce prescription programs have also lacked a control group and may have suffered from
regression to the mean, especially when high-risk patients were recruited for participation.’ Furthermore, some
produce prescriptions had low levels of engagement, with few participants frequently redeeming vouchers at
farmers’ markets.® As compared to the produce prescription literature, several larger and more robust evaluations
show promise for MTMs to rapidly improve health and lower healthcare costs for low-income individuals with
advanced chronic disease, including diabetes, cardiovascular disease, end stage renal disease, HIV and cancer.”!!
However, large randomized, controlled trials have yet to replicate results for both MTMs and produce prescription

programs, although several RCTs are currently in progress throughout the U.S.

Intersection with Food Insecurity and Racial Disparities

Food insecurity is an acute symptom of poverty defined by the USDA as “the limited or uncertain

» 12 and surged to historically high prevalence during the start

availability of nutritionally adequate and safe foods,
of COVID-19 crisis."* While food insecurity remains a common metric in existing literature, nutrition security,
defined by the USDA as “having consistent access, availability, and affordability of foods that promote well-
being and prevent and treat disease,” may be more relevant to health policy given the role of food access and
nutrition on health outcomes.'*

Nonetheless, food insecurity has been used in the majority of previous literature and has been strongly
associated with poor health outcomes in the US.'>'® For example, worse HbA ¢, blood pressure, and BMI are

associated with food insecurity as compared to food-secure individuals in the US, making diet-sensitive chronic



diseases like diabetes particularly challenging to manage.'’** The monthly spike in Emergency Department
admissions among low-income individuals with diabetes during the last week of each month when food and
finances are in short supply highlights the grave harm of food insecurity.?'** Food-insecure individuals often

23,24

adopt rational coping strategies, such as delaying or forgoing medical care, engaging in cost-related

medication underuse, >2¢ 2’

choosing between food and other basic needs such as utilities, and opting to consume
low-cost, energy-dense foods to compensate for limited financial resources.”® Within this context, it should not be
surprising that healthcare utilization and total healthcare costs, including inpatient care, emergency care,
surgeries, and drug costs, increase as food insecurity and malnutrition severity increases.””*%>* Furthermore, if
individuals are choosing to consume low-cost, less healthy foods to cope with food insecurity, then nutrition
education will often be insufficient for this population, and programs like MTMs or produce prescriptions offer a
solution to access healthier foods.

In 2020 according to the USDA, 38.3 million Americans — including 11.7 million U.S. children — lived in
food insecure households.* The food insecurity rates likely would have been much higher had it not been for
substantial government aid during the first year of COVID-19, including robust increases in nutrition benefits,
novel cash payments to households, and child tax credits (at the start of COVID-19 in spring of 2020 food
insecurity shot up to historically high levels before aid reached American households later in the year).*
However, even with the historical and bipartisan government assistance, by fall of 2020 when the USDA conducts
its annual survey, major yet predictable disparities by race and ethnicity existed: while only 7% of white
households experienced food insecurity, 22% of Black households and 18% of Hispanic household experienced
food insecurity in 2020.*

Why might such racial disparities exist? The short answer, looking at America’s history, is that slaves
kidnapped from Africa built the U.S., and a civil war and several hundred years later this history continues to
haunt our politics, economy, and social fabric. The combined effects of several hundred years of overt and
systemic racism across the US economy, including but not limited to lynching, voting restrictions, redlining, the
war on drugs and over policing, has compounded and created today’s inequities in wealth, food insecurity, health,
and mortality. ***’ For example, in Boston in 2015, the average white family had $2.5 million in wealth, whereas
the average Black family had $8.* Parts predominantly Black Roxbury have a life expectancy of less than 59
years — the shortest in all of Boston and shorter than most countries worldwide, while than half a mile away across
Massachusetts Avenue, residents of Back Bay have city’s highest life expectancy of almost 92 years.*” Even in the
“liberal” northern city of Boston, decades of systemic racism have permeated the economy and society, creating
profound disparities in wealth and health.

Anti-black racism is not a requisite of systemic racism. Native Americans suffered genocide at the hands
of the British and U.S. governments during colonization and westward expansion, the Chinese exclusion act

barred the immigration of Chinese to America in 1882, Japanese Americans were rounded up in internment camps



during World War II, violence against Muslims and Arabic individuals rose after 9/11, and anti-Asian violence
has increased notably during the COVID-19 pandemic. All of these forces can lead to significant consequences in
the financial wellbeing and mental and physical health of non-White individuals in America. Thus, discussion of
food insecurity and diet-related illness is incomplete without an acknowledgement of these histories.

The impact of overt and systemic racism is evident in the bodies of non-White U.S. adults. For example,
according to the CDC, Non-Hispanic Black adults have the highest age-adjusted prevalence of obesity (49.9%),
followed by Hispanic adults (45.6%), non-Hispanic White adults (41.4%) and non-Hispanic Asian adults
(16.1%).° The CDC also reports that type 2 diabetes is highest among Native American adults and Black adults.*!
From 1999 — 2018, Non-Hispanic White individuals tended to have higher rates of optimal cardiovascular health
than Mexican-American and Non-Hispanic Black individuals, although on average across the U.S. only 7% of
U.S. adults had optimal health in 2017-2018.* Finally, disparities in dietary intake persist across race and
ethnicity and have even widened as diet has improved slightly for non-Hispanic White adults, whereas it has
remained unchanged for other racial groups.*

Other societal inequities and stigmas related to age, education, gender, income, and geographic location
critically shape individual, family, and community access, convenience, and affordability around healthy food,
diet quality, and diet-related health, forcing public health professionals to acknowledge the intersectionality of
identities and how these can combine in unique ways for individuals and increase their risk of food insecurity and
disease. For example, the CDC has reported that diagnosed type 2 diabetes is also highest among adults with less
than a high school-level education and those experiencing poverty.*' Diabetes prevalence is higher in rural areas
as compared to urban areas in the U.S.,* and the prevalence of optimal cardiometabolic health is lower among
Americans with lower education (5.0%) vs higher education (10.3%).** Research has also shown that a higher
proportion of SNAP participants (indicating low-income) have poor diet scores (54%) as compared with higher-

income individuals (29%).*

Intersection with COVID-19 and Health Disparities

The COVID-19 pandemic has further underscored the stark health disparities in a pre-existing epidemic
of diet-related conditions, such as obesity, hypertension and type 2 diabetes, which are top risk factors for
COVID-19 hospitalizations and deaths.***” The U.S. now has a fast moving, infectious disease of COVID-19
layered over a slow-moving pandemic of diet-related illness. Unfortunately, both cardiovascular disease and
COVID-19 are vascular inflammatory illnesses that exacerbate each other.*® For example, nearly 61% of COVID-
19 hospitalizations could have been avoided in U.S. with a healthier population at baseline without high
prevalence of obesity, diabetes, hypertension, and heart failure.*’ Racial disparities again enter the equation at the

intersection of diet-related illness and COVID-19: black adults have the highest prevalence of obesity in the



country, followed by Hispanic adults.*” The CDC reports that American Indian, Hispanic, and Black adults are
twice as likely to be hospitalized or die of COVID-19, even when accounting for age.™® While poor diet and high
prevalence of diet-related illness explains some of the COVID-19 mortality disparities by race/ethnicity, it cannot
explain all of it, further highlighting the sustained impact of systemic racism throughout the healthcare system and

economy.’*?

The Promise and Limitations of Food is Medicine to Improve Health Equities

In sum, the aforementioned and daunting challenges intersect with each other: food insecurity is

1316 and higher healthcare costs ***°; disparities in

associated with experiences of racism,*® poor health outcomes
food insecurity increased across racial and ethnic minority populations during 2020 3*; disparities in COVID
deaths by race/ethnicity continue today; and disparities in diet-related health may even worsen with sustained
inflation and rising prices of groceries, making nutrition security even harder for low-income households across
the U.S. Within this context, this dissertation lays down steppingstones to improve the scientific understanding of
how nutrition interventions integrated into patient care may improve diet, health outcomes, and healthcare
utilization for high-risk patients.

The COVID-19 crisis and disparities in food insecurity, diet, health and mortality underscore the
important role Food is Medicine could play improving clinical care and health disparities by providing free
healthy food to low-income patients with diet-related illness. For example, in the largest MTMs studies to date,
participants receiving MTMs were more likely to be Black, more likely to have a disability, and more likely to be
on Medicaid than the general U.S. adult population.®** Chapter one of this dissertation represents the largest
produce prescription study to date, in which participants were more likely to be non-Hispanic Black and Hispanic
than the general U.S. population, plus were more likely to be enrolled in programs for low-income Americans like
Medicaid, SNAP, and WIC. Thus, based on the demographic enrollment of previous Food is Medicine studies,
these programs are well-positioned to improve health disparities. However, little is known if Food is Medicine
programs will have differential impacts on health outcomes for different sub populations, for example by race /
ethnicity, ability, and age, which will be the true test Food is Medicine’s role at improving health inequities. For
example, if programs are less effective for Black or Hispanic enrollees, then effort should be taken to further
improve the programming. Evidence from chapter three of this dissertation does suggest that tailoring eligibility
criteria to target high-need individuals, for example those with limited activities of daily living and food
insecurity, will have greater per capita improvements in health outcomes and overall cost effectiveness.

While Food is Medicine has great potential to improve health inequities in clinical care, such programs
are ultimately treatment focused, and cannot meaningfully impact root causes of poverty nor systemic racism.

Furthermore, improving health equity through Food is Medicine is not a guaranteed outcome and depends on

10



which patient populations are prioritized in future policy. For example, many high-need, uninsured individuals are
disconnected from the health care system and may not be able to access Food is Medicine services. Americans
first and foremost need equitable access to the health care system for supportive screening, evaluation, and
referrals, in addition to preventive clinical care and access to appropriate medications and procedures needed to
treat the full spectrum of diet-related conditions. In Medicare, the only plans that offer Food is Medicine coverage
are within private Medicare Advantage, which cost more than Part A and B and historically have enrolled a whiter
and healthier population. Moving forward, Food is Medicine practitioners must evolve programs based on the
latest science (to which this dissertation aims to contribute) and with input from participants with lived
experience, and then pursue targeted policy opportunities to intentionally use Food is Medicine to improve health

equities within the American healthcare system.
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Introduction

One of every five deaths worldwide is attributable to suboptimal diet, more than any other risk factor
including tobacco.> Suboptimal diet in the U.S. exerts a tremendous health burden, with more than 300,000
annual deaths from cardiovascular disease (CVD) and diabetes, and more than 8,000 new cancer cases attributable
to suboptimal diet.’”® Most Americans do not meet guidelines for a healthy diet,* while population disparities in
diet quality and health outcomes persist or have worsened among marginalized racial, ethnic, and low-income

groups.””® These challenges further intersect with food insecurity, which is strongly associated with poor health

15,16 29,30

outcomes ™~ and higher healthcare utilization and costs.

Until recently, healthcare providers had few tools to address patient food and nutrition insecurity.
However, rapidly evolving interest among healthcare systems, payers, patients, and policymakers in food is
medicine interventions like produce prescriptions offer promising mechanisms to improve nutrition and health
outcomes.' Produce prescriptions provide free or discounted produce, covered partly or fully by healthcare payers,
to patients with or at risk for diet-related chronic diseases and often concomitant food insecurity.'~* These
treatments recognize that the combination of financial incentives and nutrition education may be required to
improve nutritional intake, especially for low-income populations. Early produce prescriptions were typically
implemented at farmers’ markets with more recent programs partnering with retail grocery to increase choice,
convenience, and year-round access.*’

A growing body of evidence suggests that produce prescriptions increases F&V intake, reduces food
insecurity, and improves quality of life.'*%* Yet, existing studies have been generally small pilots that evaluate a
single program, and could be limited by publication bias, with only studies identifying positive effects being
reported. Critically, evaluations on clinical biomarkers of cardiometabolic health such as glycated hemoglobin
(HbA1c), blood pressure (BP), and body mass index (BMI) for patients with diet-related illness remain limited,
with varying results.>*** Thus, more robust analyses from larger samples, including pooling data across multiple
programs to reduce publication bias and increase generalizability, are critical to better understand the impact of
produce prescriptions on various patient outcomes especially clinical outcomes.

To address these gaps in knowledge and inform the design of ongoing clinical and policy efforts, we
evaluated the impact of produce prescriptions programs on F&V intake, food insecurity, self-reported health
status, and clinical outcomes including HbAlc, BP, and BMI in a pooled analysis of nine programs. Findings are
timely and relevant for both clinical practice and policy, including produce prescription pilot funding through the
2018 Farm Bill,”* optional coverage of produce prescriptions by Medicare Advantage plans,' and ongoing

Medicaid 1115 and 1915 waivers creating produce prescription pilots in several U.S. states.’*®

Methods
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Population and Setting

Study participants included 1,817 children and 2,064 adults who participated in one of nine produce
prescription programs at 22 sites across 12 U.S. states from 2014-2020. Eligibility criteria across programs
included being at risk for poor cardiometabolic health (e.g., overweight/obesity, diabetes, or elevated blood
pressure) for adults and having overweight / obesity for children, in addition to being food-insecure or being
recruited from a health center serving a predominantly low-income neighborhood (see 7able I for detailed
descriptions by program). Participants were referred by healthcare providers (physicians, medical assistants,
nurses, or other members of the care team) to receive produce prescriptions operated by Wholesome Wave,* an
organization dedicated to curbing the national burden of diet-related disease by improving affordability and access
to healthy fruits and vegetables across the country. We included all produce prescription programs operated by
Wholesome Wave that measured at least one biomarker in their programmatic data collection (ie, BMI / BMI z-
score, HbA lc, or blood pressure). None of the included programs have been the subject of previous research or
evaluation. The present study was reviewed by the Tufts Health Sciences IRB and determined not human subjects

research as the analysis used retrospective, deidentified data provided from the programs.

Produce Prescription Intervention

After referral by a healthcare provider, participants were either enrolled at the clinic or at a clinic-hosted,
community event with nutrition education classes. Enrolled participants received financial incentives (either paper
vouchers or electronic cards) ranging from $15 - $300 per month (median = $63 per month) to purchase F&V at
food retailers such as grocery stores and farmers markets (7able 1). Two of three pediatric programs and two of
four adult programs scaled the produce prescription based on household size, although the dollars per household
member differed by program (7able 1). Program duration ranged from 4 to 10 months. In addition to financial
incentives, all pediatric and adult programs provided in-person or online nutrition education classes. Education

varied from in-person, online, individual instruction and/or group lessons as well as tours of grocery stores.

Outcomes

Primary outcomes included changes in F&V consumption (cups/day), household food insecurity, HbAlc
(%) among adults with baseline values >6.5%, and systolic and diastolic BP (mmHg) among patients with
baseline values >130mmHg (systolic) and >80 mmHg (diastolic). Secondary outcomes included changes in self-
reported health status, body mass index (BMI) among adults with overweight/obesity (BMI >25 kg/m*) and BMI
z-scores among children with overweight/obesity (BMI for sex and age > 85™ percentile). We hypothesized that
among the biomarker outcomes, HbAlc and blood pressure would be most responsive to dietary changes over a

several month program period, and thus were included as primary outcomes along with FV intake and food
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insecurity. FV intake and food insecurity were included because they are the main targeted pathways throughout
which improvements in health outcomes might occur.

Outcomes were measured at baseline and after program participation. Consumption of F&V was each
assessed using semi-quantitative dietary questionnaires. One program used a 10-item F&V screener that assesses
types of fruits (e.g., fruits, fruit juices) and vegetables (e.g., leafy greens, non-fried vegetables) in frequency (e.g,
3-4 times /week).®” The remaining programs assessed the total daily, combined intake of fruits and vegetables
separately in frequency (e.g., 3 times per day), in both frequency and portion size (e.g., 3 times per day, 0.5 cups
each), or in servings per day (e.g., 3 servings per day). To harmonize data, we estimated the total intake of F&V
in cups per day by combining data on frequency and portion size whenever available or assuming standard portion
sizes from USDA MyPlate when portion size was not asked.”® Wholesome Wave surveys did not assess any other
components of the diet.

Food security was assessed using the USDA six-item food security module'? or the validated Hunger
Vital Sign.®”’° These responses were harmonized to estimate presence or absence of household food insecurity as
a binary measure.

Self-reported health status was assessed using the Center for Disease Control and Prevention’s Healthy
Days module in which participants select one of five health categories, ranging from excellent (category =1) to
poor (category=5).”" This measure has been validated in multiple studies as highly predictive of future health
outcomes and total mortality.”* Levels of HbAlc in blood were measured in standardized healthcare system
laboratories; blood pressure, weight, and height were measured in the clinic as part of routine medical care or

during a special visit to the clinic as part of program participation.

Covariates

Wholesome Wave registration surveys self-reported participants’ age (continuous), biological sex
(male/female) , race, ethnicity (white, non-Hispanic black, Hispanic, other), household size (number of people),
and for child programs only; current household enrollment in the Supplemental Nutrition Assistance Program
(SNAP) and Special Nutrition Program for Women, Infants and Children (WIC), health insurance coverage
(Medicaid/CHIP, private, uninsured, other) and parent / caregiver employment (full time, part time, unemployed,
other). While some programs measured additional covariates, we used all available, shared covariates measured

across all programs in the analysis.

Statistical Methods
Changes in outcomes were measured as difference in values from baseline to the end of program
participation. We used multi-level mixed models (ie, hierarchal models) that account for clustering of multiple

measurements (ie, pre and post) within participants that are additionally clustered by program location. Our
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models employed a random intercept for person and program location. Hierarchal linear models were used for
continuous outcomes (F&V intake, clinical biomarkers) and generalized linear mixed models for binary and
ordinal outcomes (food insecurity, health status). Analyses were conducted in adult and child populations
separately, except for food insecurity which was analyzed at the household level. For outcomes assessed in adults
(F&V intake and health status) or at the household level (food insecurity), fixed effects included age, sex,
race/ethnicity, and household size; for outcomes assessed in children, fixed effects included age, sex,
race/ethnicity, household size, SNAP enrollment, WIC enrollment, health insurance coverage, and parent /
caregiver employment.

To account for missing data, we assessed patterns of missing data by comparing baseline characteristics
and outcomes between participants with complete data and those missing at program end. No systematic
differences between the two groups were identified, thus our primary analyses report the full case analyses. In
sensitivity analyses, multiple imputation was conducted for outcomes with missing values. Multiple imputation
was conducted separately for each outcome and incorporated all available variables that might help satisfy the
missing at random assumption’® including shared demographic covariates; baseline values of F&V intake, health
status, food insecurity, and health outcomes; and indicator variables to account for clustering by program
location.”* We used 30 imputations as the Fraction of Missingness Indicator was less than 30 for all outcomes.
We also conducted a sensitivity analysis excluding program locations with greater than 50% missingness of
endpoint surveys.

A final sensitivity analysis assessed the impact of produce prescriptions on HbA 1c among participants
with baseline HbA 1c >8.0%, on blood pressure among participants with baseline systolic BP >140 mm Hg or
diastolic BP > 90 mm Hg, and on BMI among participants who were overweight or obese at baseline (BMI > 30
kg/m? for adults; BMI for age and sex > 95" percentile for children). Stratified analyses were conducted to
explore whether outcomes differed by (1) timing relative to the COVID-19 pandemic (whether the produce
prescription program was completed prior to March 2020 or extended into the pandemic); and (2) participant
characteristics including age (2-17, 18-64, 65+) , sex (as a biological variable), and race/ethnicity (as a self-
reported, sociocultural construct which may reflect experiences of discrimination that worsen health), plus
household size and household SNAP enrollment (characteristics that may impact a household’s food needs).

Analyses were conducted in in Stata (version SE 17.0) by one investigator (K.H.) and replicated in SAS
(version 9.4) by another (M.D). Due to testing of five primary outcomes, we used a Bonferroni corrected

alpha=0.01 for statistical significance for primary outcomes.

Results

Participant Characteristics
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Adults had a mean (SD) age of 54.4 (14.8) years, 70.7% were female, 29.8% were non-Hispanic White,
and 45.1% were Non-Hispanic Black. Children had a mean age of 9.2 (4.2) years, 51.4% were female, 75.5%
were Hispanic, and 62.7% were enrolled in SNAP. At baseline, mean (SD) F&V intake was 2.7 (1.9) cups/day
among adults, and 3.4 (2.8) cups/day among children; and 56.3% of all households experienced food insecurity
(Table 3).

The median monthly produce prescription received by adults was $43 (IQR: $31 - $60) with actual,
observed program participation lasting for a mean (SD) of 6.4 (1.7) months, ranging from 1.0 — 10.0 months. The
average adult participant spent 73.1% of their produce prescription dollars during program enrollment (the
remainder was unspent). The median monthly amount received in pediatric programs was $112 (IQR: $85 - $133)
with actual, observed program participation lasting for a mean (SD) 5.4 (1.9) months, ranging 2.0 — 9.4 months.

The average child participant spent 77.1% of their produce prescription dollars during program enrollment.

Outcomes in Adults

Among all adults F&V intake increased by 0.83 cups per day (95% CI: 0.67, 1.00) (Table 4). Among all
households, the odds of being food-insecure halved after program participation (odds ratio [OR]: 0.54 [0.45,
0.64]). Assessing clinical biomarkers of cardiometabolic health, HbA1c declined by -0.33 percentage points (95%
CI: -0.47, -0.20) among those with HbAlc >=6.5% and by -0.61 percentage points (-0.81, -0.40) among those
with HbA1¢>=8.0%. Systolic and diastolic BP declined by -8.62 mmHg (-10.44, -6.81) and -4.97 mmHg (-6.00, -
3.93), respectively, among those with stage I and II hypertension at baseline; and by -12.38 mmHg (-15.16, -9.60)
and -9.81 mmHg (-12.09, -7.52) among those with stage II hypertension. BMI also significantly improved with a
reduction of -0.34 kg/m* (-0.62, -0.07) among adults with overweight or obesity at baseline, and -0.49 kg/m? (-
0.81, -0.16) among adults with obesity. Finally, program participation was associated with a doubling in the odds
of improving one category in self-reported health status (OR: 2.05 [1.66, 2.52]). All adult primary outcomes

passed the p=0.01 level of statistical significance required by the Bonferroni correction.

Outcomes in Children

Compared with baseline, F&V intake among children increased by 0.21 cups per day (95% CI: 0.03,
0.39) (Table 4). Household food insecurity also improved, as described above. Self-reported health significantly
improved, with 2.5-fold higher odds of improving one category in self-reported health status (OR: 2.52 [1.95,

3.26]). No significant changes in BMI z-score were observed.
Sensitivity Analyses

Analyses using multiple imputation were similar to the main findings (7able S2). After dropping program

locations with over 50% missing of endpoint data (did not affect HbAlc, SBP, DBP, or BMI analyses), full case
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analyses were also similar to the main findings (7able S3). The exception was that child FV intake no longer met
our Bonferroni correction for statistical significance (p=0.04). Exploratory stratified analyses identified minimal
evidence of differential effects by participant subgroups (7able S3-9). Exceptions were signals around the impact
of implementation during COVID-19, with greater improvements observed in F&V intake and HbAlc, among

adult programs that occurred prior to COVID-19 (p for interaction all <0.05).

Discussion

In this multi-site, participant-level, pooled pre- and post- evaluation of nine produce prescription
programs in 12 U.S. states, we identified statistically significant and clinically meaningful improvements in F&V
intake, household food insecurity, HbAlc, BP, BMI and self-reported health status among adults; and in F&V
intake, household food insecurity, and self-reported health status among children. There was no significant change
in children’s BMI z-score. This investigation provides the largest evaluation and strongest evidence to-date that
produce prescriptions are associated with improved nutrition, food security, and self-perceived health among
adults and children as well as key health outcomes among adults with suboptimal cardiometabolic health.

Our findings build upon and extend the results of previous studies on produce prescriptions. A recent
systematic, scoping review of produce prescription studies found that 21 of the 22 studies published had identified
improvements in F&V intake compared with baseline.®” A pooled meta-analysis of five published produce
prescription studies, totaling 1,039 adults, found a 0.8 cups/day (22%) increase in F&V consumption compared
with baseline.”” We identified a similar 0.83 cups/day increase among adults — a meaningful improvement given
that less than 10% of American adults meet national F&V recommendations to consume 5-6 cups/day,’® with a
mean national intake of 2.3 cups/day.”” The USDA estimates that an individual would need to spend $63 — 78 per
month to meet the recommended daily FV intake,”” and the median produce prescription of $48 per month for
adults and $112 for children across programs would have provided financial support to reasonably increase FV

intake.

Two reviews on interventions addressing food and nutrition insecurity in healthcare settings found few
studies that assessed participant food insecurity, with only five studies using validated screeners, three of which
found improvements in household food insecurity.’® Given the observed improvements in both diet quality and
food insecurity in our study, produce prescriptions appear to advance nutrition security, defined as having
consistent access, availability, and affordability of foods that promote well-being and prevent and treat disease.
This concept, embraced and prioritized by USDA,” highlights the central importance of access to not only

calories, but to healthy foods and good nutrition.
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Prior interventional studies of diet patterns support causal effects of increased F&V intake on HbAlc, BP,
and BML**#*? The health benefits of F&V appear to be derived from a complex set of dietary fiber (prebiotics),
micronutrients, and phytochemicals, as well as potential replacement of less healthful foods in the diet.®
Relatively few prior produce prescription studies have evaluated HbAlc, BP, or BMI, with mixed and
inconsistent results often from pilot studies with smaller samples.** A meta-analysis of prior published studies
identified reductions in HbAlc (-0.8% (95%CI: -1.6, -0.1); N=5 studies, 1,064 adults) and BMI (-0.6kg/m?
(95%CI: -2.8,-0.3); N=3 studies, 215 adults).” By pooling individual-level data across 9 programs and 22 sites in
12 states, our study provides more robust evidence that produce prescriptions could be a promising component of
clinical care for food insecure and/or low-income patients with poor cardiometabolic health.

While produce prescriptions were associated with improved child F&V intake and health status, our
analysis of child BMI z-score did not reveal significant change. A review of childhood obesity prevention
programs found that evidence for child weight loss was strongest for combined diet-physical activity interventions
delivered in schools with both home and community components.** Produce prescriptions may need to be of
longer duration or combined with additional components to impact child BMI-z-score. Nonetheless, the
significant increase in F&V intake, reduction in household food insecurity, and improved self-reported health
among children all support potential for meaningful impact on longer-term health outcomes. The improvement in
these three outcomes alone is still a meaningful finding as the United States’ healthcare system combats an
epidemic of childhood obesity.

Among the adult programs, there is variation in produce prescription program designs within our dataset
and published research,’* and various programmatic factors may impact efficacy. For example, some programs
increased benefits for each additional household member, and research suggests diminishing returns on F&V
intake within larger households when the produce prescription value is not scaled by household size.*® Some
programs provided electronic cards, which may reduce stigma and increase consumer convenience.*® The
frequency, intensity, and quality of nutrition education and which retail or farmer’s markets partners are included
likely also impact efficacy (ie, multiple store locations, year-round availability, and convenient hours will increase
accessibility). Future research will need to tease out which program designs are most likely to impact health

outcomes.

Implications for Clinical Care

Low F&V intake is an established risk factor for multiple poor health outcomes, including higher risk of
coronary heart disease, stroke, adiposity, and cancer.’®® In the U.S., more than 100,000 annual deaths from
cardiometabolic disease are estimated to be attributable to insufficient F&V intake.’” The estimated U.S. costs of

obesity related illness, including diabetes, cardiovascular diseases, and obesity-related cancers are approximately
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$1.7 trillion per year, equal to 9.3% of GDP.*® By providing a structured intervention within the healthcare
system, produce prescriptions could help combat these trends, as the magnitudes of the observed improvements in

F&V intake, HbAlc, BP, and BMI in our study were each clinically meaningful.

The large observed improvements in food insecurity also have clinical implications. Food insecurity is

1316 and higher healthcare costs.”’*° Food-insecure individuals

strongly associated with poor health outcomes
often employ rational coping strategies that could harm their disease management, such as underusing
medications® and choosing cheaper, unhealthful foods due to costs.?® Food insecurity is also associated with
worse glycemic control among individuals with diabetes'® and Emergency Department admissions increase
among low-income individuals with diabetes during the last week of the month, when food and finances are most
often in short supply.?' With the Covid-19 pandemic, stark disparities in household food insecurity have occurred
by race/ethnicity, with 7.1% of White, non-Hispanic households experiencing food insecurity compared to 21.7%
percent of Black, non-Hispanic households and 17.2% of Hispanic households.* Our new findings suggest that

produce prescriptions substantially improve food security and may offset some of the adverse health inequities

associated with food insecurity.

Implications for Policy

Historically, produce prescriptions have been primarily operated by community-based organizations
supported by grants and donations, however, U.S. healthcare policy interest is rapidly growing, including payment
for produce prescriptions within limited scopes of Medicare and Medicaid.® In 2020 Medicare Advantage plans
began utilizing new Special Supplemental Benefits for the Chronically I11,°° which allow the optional coverage of
up to $500 of produce prescriptions and other food programs per year to assist chronically ill enrollees in meeting
nutritional needs. The Agriculture Improvement Act of 2018 established the Gus Schumacher Nutrition Incentive
Program (GusNIP),” currently providing about $5 million per year in competitive grants for produce prescription
implementation in healthcare settings. At the state-level, Section 1115 and 1915 demonstration waivers have
allowed Medicaid programs in Massachusetts, North Carolina, Oregon, and California to pilot nutrition-focused
interventions, including produce prescriptions, for high-risk patients 5612

Private payers and insurance are also showing interest in produce prescriptions. Since 2019, John
Hancock life insurance has offered customers premium discounts and monthly cash rebates to purchase fruits and
vegetables in a national network of supermarkets.”® Also in 2019, Kaiser Permanente announced Food for Life, a
new priority to eliminate food insecurity among its 13 million members, which includes assistance in SNAP
enrollment and ongoing randomized controlled trials of produce prescriptions and medically tailored meals.”*
However, given the overall limited coverage of produce prescriptions nationally, this treatment is unavailable to
most Americans whom might benefit. Our new findings support the need for further testing and scaling of

produce prescriptions, including in clinical settings and controlled trials, across a variety of patient populations.
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Strengths

To our knowledge, this is the largest evaluation of produce prescriptions and health outcomes to date,
increasing statistical power to detect impacts on dietary intake, health outcomes, and other clinically relevant
endpoints. We pooled patient-level data from a broad range of locations, program designs, and healthcare
partners, reducing the potential for publication bias and augmenting generalizability. We evaluated both adults
and children, providing a range of findings across the life course. Findings for important, self-reported outcomes
were complemented by supportive results based on objectively measured clinical biomarkers. Programs
documented robust participant engagement as reflected by the mean redemption rates of ~75% of total available

dollars over the 4 - 10-month intervention period. Findings were robust to several sensitivity analyses.

Limitations

The primary limitation is the absence of a control group, therefore the observed improvements in health
outcomes could be attributable to regression to the mean and/or to other clinical factors like medication changes.
On the other hand, the observed clinically and statistically meaningful improvements in diet quality, food
security, health status, and biometrics all occurring concordantly support biologic plausibility. Missing data were
common in some programs, which may lead to selection bias. However, sensitivity analyses with multiple
imputation and exclusion of programs with over 50% missingness supported our primary results. FV intake was
the only dietary component assessed, therefore we do not know if other dietary components improved or if
detrimental substitutional effects occurred. Additionally, FV screeners that assess frequency only and not
frequency plus portion size, as was the case in half the programs, may underestimate actual FV intake.’’ Finally,

some programs were implemented during the COVID-19 pandemic which may have impacted their efficacy.

Conclusions

In this multi-site, participant-level analysis of nine produce prescription programs across 22 sites in 12
U.S. states that enrolled low-income or food insecure patients at risk for diet-related illness, program participation
was associated with improvements in F&V intake, food insecurity, and self-reported health status among both
adults and children, and clinically relevant improvements in HbAlc, BP, and BMI among adults. These findings
provide important new evidence from a diverse set of programs for meaningful benefits of produce prescriptions,
highlighting the need for clinical, policy, and healthcare payer and provider efforts to implement larger pilots and

randomized designs of produce prescriptions.
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Introduction

More than 300,000 annual deaths from cardiovascular disease (CVD) and diabetes in the U.S. are
attributable to suboptimal diet, underscoring the tremendous burden of diet-related illness.””* Most U.S. adults do
not meet the recommendations within the Dietary Guidelines for Americans, while marginalized racial, ethnic,

and low-income groups tend to have worse overall diet quality.’*° These challenges further intersect with food

15,16,29 30-32

insecurity, which is associated with poor health outcomes and higher healthcare utilization,”™  as well as the
COVID-19 pandemic, for which diabetes is a leading risk factor of COVID-19 hospitalization and death.**"-%
Healthcare providers have had few treatment tools to adequately address patient nutrition and food insecurity.
However, there is growing interest and utilization among healthcare providers, payers, and patients in “food is
medicine” interventions due to the high prevalence of diet-related disease in the U.S. and a growing focus on
value-based care.' These healthcare-based interventions provide healthy food to patients for the treatment or
prevention of disease and offer promising mechanisms to improve nutrition and health outcomes."*” Produce
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 fruits and
vegetables (F&V) at retail grocery or farmers markets.'>>? These interventions recognize that linking financial
incentives with clinical care plans and nutritional education may be required to improve dietary intake, especially
for low-income populations.

A growing body of evidence suggests that produce prescriptions increase F&V intake, reduce food
insecurity, and improve quality of life."***° Evaluations of produce prescriptions on glycemic control have been
promising, with several studies showing improvements in glycated hemoglobin (HbA 1¢).*!%1%> However, most
of these prior analyses have been pre/post analyses without any external control group and may therefore be
biased by regression to the mean or co-occurring changes in prognostic factors.? There is also growing healthcare
policy interest in understanding if produce prescriptions programs can impact healthcare utilization, although this
remains an understudied area.

In this study, we evaluated a 6-month produce prescription program comparing longitudinal changes in
HbA 1c between participants with diabetes and a weighted control group of similar patients. Secondary outcomes
included changes in systolic blood pressure (SBP), diastolic blood pressure (DBP), and body mass index (BMI);
as well as healthcare utilization including emergency department admissions and inpatient hospitalizations. To
our knowledge, this is the largest produce prescription study to assess impacts on glycemic control among
participants with diabetes as compared to a control group. Our study also contributes novel analyses on healthcare
utilization. This research is relevant given recent flexibilities in Medicare Advantage plans to cover produce

64,65

prescriptions, state-level pilots testing produce prescriptions in Medicaid managed care, and recent
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commitments by the USDA to improve nation-wide nutrition security,”® which includes investments in produce

prescriptions.'®

Research Design and Methods

Population and Setting

Study participants included a non-random enrollment of 786 patients (252 enrolled in the Hartford
Healthcare Produce Prescription Program, 534 controls) 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 program who had a history of uncontrolled diabetes (HbAlc > 8.0%) and who were likely to be lower
income and may experience food insecurity, based on zip code of residence. However, to assist meeting program
enrollment numbers, a decision was later made to relax the HbA1c threshold to 6.5%. Participants also required at
least one HbA1c measurement > 6.5% in the year prior to program start (Nov. 2018 — Oct. 2019) and at least one
HbA 1c measurement (of any value) during the program period (Nov. 2019 — Oct. 2020). Enrollment in the
produce prescription program was from Nov 2019 to Mar 2020, with program implementation through Oct 2020.
To create enrollment dates for the control group, we randomly assigned enrollment dates from the distribution of
start dates for the treatment group (ranging from Nov. 2019 — Mar. 2020). Program implementation coincided
with massive disruptions in the economy and clinical care during the first waves of the COVID-19 pandemic in
the U.S.

We identified 534 individuals to serve as a control group from the clinics’ electronic medical records,
based on a sampling of patients who did not receive produce prescriptions, had at least one HbA 1¢ measurement
> 6.5% in the year prior to program start (Nov. 2018 — Oct. 2019), had at least one additional HbAlc
measurement (of any value) during the program period (Nov. 2019 — Oct. 2020), and who lived in the same zip
codes as the treatment group. This study was reviewed by the Tufts Health Sciences IRB and determined not
human subjects research as the analysis used deidentified data on a completed program provided to the academic

investigators by Hartford Healthcare.

Produce Prescription Intervention

The produce prescription program was operated by Wholesome Wave,*® an organization dedicated to
curbing the national 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 six months in the
form of paper vouchers to purchase F&V at a local grocery retail chain. All patients received $60/month
regardless of household size. Program implementers hypothesized that this value was sufficient to increase FV

intake based on several years of operating similar programs in other U.S. settings. Vouchers were either received
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at the clinic or mailed to participants (all vouchers were mailed after March 2020). As part of the intervention,
Hartford Healthcare contracted a registered dietician nutritionist to lead group-based, grocery store tours with
lessons on reading food nutrition labels and using the vouchers at check out. A launch event at the Diabetes
Community Symposium (held on 11/2/2019) also provided an opportunity for additional nutritional education for
participants in attendance, plus served as a recruiting event to enroll participants. After March 2020, all in-person
nutrition education was cancelled and was not replaced with a remote option.

Because participant FV intake was not measured in the medical records, voucher redemption rates were
the primary measure of program participation. To assess program participation, we used sales data from the retail
grocery partner that reported the overall redemption rate of the produce prescriptions (ie, the percentage of
received dollars that were spent on fruits and vegetables). To explore potential impacts of the COVID-19
pandemic on program participation, we also separately assessed redemption rates from Nov 2019 — March 2020

and April 2020 — September 2020.

Clinical Outcomes

Outcomes for participants and controls were extracted from Hartford Healthcare’s electronic health
records. The primary outcome was change in HbAlc from baseline to six months after program enrollment,
comparing participants to controls. We also assessed changes in SBP, DBP, and BMI from baseline to six months
between participants and controls as secondary outcomes. All existing measurements for HbAlc, blood pressure,
and BMI were collected for participants and controls from 12-months prior to enrollment to 12-months post
enrollment, allowing us to assess changes over time. We averaged biomarker measurements for any participant
that had multiple measurements on the same day. All analyses utilized clinically measured data; weight and blood
pressure measurements that were self-reported during telehealth appointments were excluded.

A final objective of our study was to assess if produce prescriptions may impact healthcare utilization.
Secondary outcomes also included the total count of inpatient hospitalizations and emergency department
admissions, separately, at six months after program enrollment. We report the incidence rate ratio for inpatient
hospitalizations and emergency department admissions at six months after program enrollment for hypothesis
testing. Healthcare utilization was drawn from the medical records and not obtained separately from claims data.
As a member of the CareEverywhere network, Hartford Healthcare’s electronic health records recorded healthcare
utilization if a patient was admitted at other major health systems in Connecticut that use EPIC as their medical

records platform.
Covariates

Demographic data were drawn from medical records, including age, biological sex (male, female), self-

reported race/ethnicity (Non-Hispanic White, non-Hispanic Black, Hispanic, other), health insurance status
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(Medicaid, Medicare, private / other), and self-reported smoking status (never, current, former). In addition, we
obtained data on history of comorbidities (using ICD-10 codes) including congestive heart failure, cancer, chronic
obstructive pulmonary disease, stroke, or renal disease, in addition to intensity of healthcare utilization including
the number of clinic visits, clinical consults, outpatient visits, inpatient hospitalizations, and emergency

department visits in the six months prior to program enrollment.

Statistical Methods

We employed an overlap weight propensity score approach to weight the control and treatment group.'®*
The propensity score was the probability that an individual enrolled in the produce prescription program given
their measured covariates. This was estimated using logistic regression in which the outcome is selection into the
treatment group and the explanatory variables are covariates that may predict the probability of treatment and
confound the association between receipt of treatment and study outcomes. To calculate an individual’s
propensity score, we used a generalized linear mixed model with a random intercept for referral clinic to account
for clustering by clinic.'”® Predictors included age, sex, race/ethnicity, health insurance status, smoking status;
comorbidities including any history of congestive heart failure, cancer, chronic obstructive pulmonary disease,
stroke, and renal disease; intensity of recent healthcare utilization including the number of clinic visits, clinical
consults, outpatient visits, inpatient hospitalizations, and emergency department visits in the six months prior to
program enrollment; and baseline values of HbAlc, SDP, DBP and BMI, defined as the closest measurement
prior to program enrollment.

Overlap weights are a propensity score method in which treated patients are weighted by the probability
of not receiving treatment (1 — propensity score) and controls are weighted by the probability of receiving the
treatment (propensity score).'” This approach mimics a randomized clinical trial by emphasizing those at clinical
equipoise, and down-weighting individuals very likely to receive or not receive treatment. Another 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 comparable methods like inverse probability treatment weights
when treated and untreated groups are similar.

For our primary analysis, we used a weighted, linear generalized estimating equation (GEE) model to
account for multiple measurements over time. At minimum, all study participants had a baseline HbAlc
measurement (included in the propensity score model) and at least one HbA1c measurement during the program
period. The model included an interaction term with treatment group and days since enrollment for each HbAlc
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
(aka least square means) at six months and conducted our hypothesis testing on the propensity score-weighted,

difference in HbAlc at six months between treatment and control group. A secondary analysis used a similar

26



model but with an interaction term between treatment and the month of each HbA1c measurement to calculate the
HbA 1c change per month over the duration of the intervention period. These approaches were repeated for the
secondary clinical outcomes SBP, DBP, and BMI. Finally, weighted GEE negative binomial models were used
for healthcare utilization outcomes to estimate incidence rates in treatment and control group, and incidence rate
ratio between treatment and control groups, in inpatient hospitalizations and emergency department visits during
the 6-month produce prescription program. All analyses accounted for baseline outcome measurements by
including them in the propensity score and overlap weight creation. Analyses were conducted in Stata 17 and used

an alpha <0.05 for statistical significance.

Sensitivity Analyses

Sensitivity analyses included restricting the study population to individuals with uncontrolled diabetes at
baseline, defined as HbA1lc > 8.0%. We also estimated the change in HbAlc, blood pressure, BMI, and healthcare
utilization at nine months after program enrollment (three months after receiving final vouchers) to capture more
endpoint measurements after program completion and to explore if there were sustained program impacts. A final
sensitivity analysis aimed to isolate the impacts of the COVID-19 pandemic shutdowns on program effectiveness.
We stratified by whether HbA 1c measurements were taken prior to March 20, 2020 (the date of the state-wide
shutdown on CT) or during the COVID-19 pandemic. As HbAlc reflects the previous three-months of glycemic
control, we incorporated a washout period and defined the COVID-19 impacted measurements as occurring after
May 1, 2020. We then assessed monthly HbA 1c change between treatment and control, separately, during both
time periods (Nov 2019 — March 2020 vs. May 2020 — September 2020). Finally, we conducted an exploratory,
pre/post stratified analyses of program participants and associations with HbAlc change by household size.
Household size was measured by Wholesome Wave as part of program onboarding for participants only and it

was not available for controls in the medical records.

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% 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) HbAlc at baseline
was 8.82% (1.71). The control group included 534 individuals who did not receive produce prescriptions and had
relevant HbA 1c measures. Prior to weighting, individuals selected to be enrolled in the produce program,
compared with controls not selected to be enrolled, were more likely to be on Medicaid vs. private insurance, of
Hispanic ethnicity, female, and to have COPD, higher baseline HbA l¢, higher baseline SBP, and a higher number

of outpatient hospital visits in the prior 6 months (7Table 1). After the creation of propensity scores and overlap
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weights, the weighted means and proportions at baseline between treatment and control were exactly balanced on
each characteristic, with no differences between treatment and control groups (Table 1).

During the program period, 90% of received produce dollars were redeemed at the partnering grocery retail
locations. The redemption rate in the period prior to the onset of COVID-19 was 98%; and after April 2020, 85%.
The nutrition education component of the intervention was stopped during the pandemic. Prior to COVID-19
shutdowns, only 5% of participants attended one in-person class and 9% attended one grocery store tour.

At six months, there was no significant difference in the change in HbAlc between 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) ), nor
BMI (-0.22 kg/m? (-1.83, 1.38)). These findings were similar in analysis of month-to-month differences in change
in HbAlc, SBP, DBP, and BMI between the intervention and control groups (Figure 1, Figures SI1-S3, Table S1).
In the evaluation of healthcare utilization, hospitalizations and emergency department admissions in these patients
were rare, with only 17 total hospitalizations and 5 emergency department admissions over the 6-month program
period in all intervention and control patients combined (7able 3). The incidence rate ratios at 6-months for
hospitalizations and emergency department visits associated with produce prescription receipt were 0.54 (0.14,
1.95) and 0.53 (0.06, 4.72), respectively, a non-statistically significant difference for both healthcare utilization

outcomes.

Sensitivity Analyses

Among the subgroup with uncontrolled diabetes at baseline (HbAlc > 8.0%: 146 produce prescription
participants, 208 controls), no differences were observed in 6-month change in HbAlc, SBP, DBP, or BMI
between intervention vs. control groups (7able S2). The incidence rate ratio for hospitalizations in the intervention
vs. control group was 0.20 (95% CI: 0.02, 1.60) (Table S3) and for emergency department admissions was (0.72
[0.06, 7.96]), both statistically non-significant differences. Similar findings were seen in analyses extending the
follow-up to 9-months after enrollment (Tables 2-3, S1-S2). Stratified analyses by the onset of COVID-19
suggested no program impact among HbA 1¢ measurements taken prior to the start of the pandemic (Table S4).
However, only 203 out of 786 study participants had at least 3 months of program enrollment prior to March 20,
2020, and no produce prescription recipients completed the 6-month program prior to March 20, 2020.
Exploratory analyses stratified by household size among participants only did not suggest any differential

associations by household size between program participation and glycemic control (7able S5).
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Conclusions

In this quasi-experimental, longitudinal study evaluating the impacts of a 6-month produce prescription
program on 252 patients with diabetes compared with 534 controls, there were no statistically significant impacts
on the primary outcome, HbAlc, nor secondary outcomes including blood pressure, BMI, inpatient
hospitalizations, and emergency department admissions. Sensitivity analyses assessing impacts among those with
uncontrolled diabetes at baseline and extending the analysis to nine months obtained similar results. A sensitivity
analysis did not suggest early improvements in HbA 1c with more limited durations of intervention (up to 3
months) prior to the COVID-19 shutdowns in the spring of 2020.

There are several possible explanations for our findings, in comparison to other studies which have
suggested positive impacts of produce prescriptions on glycemic control, blood pressure, and BMI.*!'*® The first is
that our study was strongly impacted by the unprecedented national disruptions in clinical care and economic and
public safety instability from 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. In-store, nutrition education could
not be continued as planned and vouchers were mailed to patients instead in-person pick-up at the clinic. During
spring and summer of 2020, some participants likely experienced disruptions in work, when many were already in
a precarious financial situation. Some participants likely shouldered new childcare demands and increased
household food expenditures when schools closed. Many participants would have received stimulus checks and
increased federal nutrition program benefits in the summer of 2020 during the time of our program, which would
have offered more robust support than the produce prescription program. All this occurred as disruptions in the
food supply chain limited availability of certain products and increased prices at retail grocery stores. In the
context of this instability, it simply may be the case that $60 per month for F&V was not enough to impact
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 important finding that may suggest modifications (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 from climate change, another pandemic, or economic downturns. The high overall
redemption rate (90%) shows strong voucher utilization and suggests this population had a high, unmet need for
additional resources to purchase FV. The redemption rate dropped from 98% prior to COVID-19 to 85% after the
COVID-19 pandemic began (and even when seasonal changes from fall-winter to spring-summer might have
predicted increased FV intake). This highlights the adverse effects of COVID-19 on program engagement,
although an 85% redemption rate is still higher than in many previous produce prescription reports.'*
The USDA estimates that an individual would need to spend $63 — 78 per month to meet their

recommended daily FV intake.”” Thus, the $60 monthly voucher could have provided reasonable financial
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support for an individual to increase FV intake. On the other hand, the household size among participants ranged
from 1-6 (median: 2), and the relative impact of the voucher on FV intake could decrease with higher household
size if FV were shared among household members. Our exploratory analyses of pre/post HbAlc change did not
suggest any significant differential association of the program with glycemic control when stratified by household
size. In other pre-post studies of prescription produce programs with a median voucher amount of $43/month
(IQR: 31-60), HbA1c was significantly reduced among patients with diabetes, but these studies lacked an external
control comparison.'” An ongoing randomized controlled trial in southern California is assessing how
differential produce prescription values impact health outcomes among patients with diabetes, including adjusted
to household size.'"’

There is wide variation in produce prescription programs among published research,>** likely causing
heterogeneity in findings across studies. For example, some programs may increase benefits for additional
household members (ours did not), and research suggests diminishing returns on F&V intake within larger
households when the produce prescription value is not scaled by household size.** Other components that may
have impacted success include the frequency, intensity, and quality of nutrition education and which retail or
farmer’s markets 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 nutrition education or

43198 in our study, the vast majority of participants (86%) did not attend the nutrition education

multiple classes;
event or grocery store tours, and these programs were cancelled following the onset of COVID-10. 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 combination with nutrition education on
participant health outcomes.

Our study employed a sufficiently large sample size, stronger methods than most previous evaluations,
and targeted a high-risk population that should be responsive to dietary changes, which cautions that similar
programs are not guaranteed to improve health outcomes. It is possible that the results of prior produce
prescription analyses which did not incorporate controls have been influenced by regression to the mean, rather
than a causal effect of the intervention.’ However, in similar pre/post analysis in the present patient cohort (i.e.,
omitting the control group), we did not observe any improvement in clinical biomarkers, suggesting that this
population and/or the time course of the intervention during COVID-19 may be relatively unique. Our findings
suggest that future programs may require more touchpoints with participants, higher incentive values (and perhaps
scaled by household size), longer duration, and/or more intensive nutrition education to have an impact on health
outcomes.

The programmatic structures of produce prescriptions will be critical to understand as healthcare policy
continues to gain a strong interest in produce prescriptions. Increasingly, states are leveraging flexibilities in

Medicaid through Section 1115 waivers, 1915 waivers, and in lieu of services options to cover produce
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prescriptions, and Medicare Advantage plans can provide up to $500 per year in optional benefits to cover
produce prescriptions.'” The USDA is currently providing $5 million per year in competitive grants for produce
prescription implementation in healthcare settings'® and recently announced a major expansion of this
program.''® 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 interventional study employing a
carefully constructed comparison group to evaluate the impacts of produce prescriptions on glycemic control and
other risk markers among participants with diabetes. This is possibly the first, or at least among the earliest,
produce prescription evaluations to assess impacts on healthcare utilization. The analysis utilized biomarker data
from the electronic medical records that were measured by clinical staff, removing concerns of biases related to
self-reported health measures. We collected data one-year prior to program enrollment and up to one-year after
program enrollment, allowing us to capture more baseline and endpoint measurements, minimize missing data,
and extend sensitivity analyses to nine months post enrollment. We employed weighted longitudinal models to
assess trends over time between treatment and control groups, incorporating all available measurements within six
and nine months after program enrollment to increase statistical precision. The analysis leveraged overlap weights
to improve internal validity by accounting for confounding. Finally, employing overlap weights likely improved
on the shortcomings of other propensity score techniques like matching, which may reduce sample size by
excluding unmatched individuals, or inverse probability treatment weights, which may give more weight to
outliers.

There are several limitations in our study. The healthcare, societal, financial, and nutritional disruptions of
COVID-19 are the largest. Hartford Healthcare reduced their clinic operations from March — June 2020 and
relied heavily on telehealth, meaning there were fewer lab measurements for both treatment and control during
this period, leading to lower statistical precision. However, sensitivity analyses expanded our time horizon to nine
months post enrollment, allowing the capture of additional endpoint data. Hartford Healthcare observed that
emergency department admissions declined after March 2020, suggesting avoidance or fear of contracting
COVID-19 (a trend seen nationwide)'!! and potentially underpowering the healthcare utilization analyses. The
timing of lab 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 controls to have a lab measurement on their
enrollment date. This could contribute to differences in timing and frequency of outcome measures between the
two groups and subsequently, bias results in unpredictable directions. The program did not assess FV
consumption directly; however, redemption rates were recorded and averaged 90% over the course of the study.
This was not a randomized controlled trial and cannot determine causality, although our methods aimed to
leverage the most robust comparison group available with appropriate statistical power to detect associations for

our primary outcome.
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In summary, this quasi-experimental study found that a 6-month produce prescription program for
predominantly lower-income patients with diabetes, implemented during the onset and first waves of the COVID-
19 pandemic, was not associated with significant changes in HbA1lc, BMI, BP, nor counts of inpatient
hospitalizations and emergency department visits. These results were inconsistent with prior pre/post and pilot
studies finding beneficial associations between produce prescriptions and glycemic control. As food is medicine
programs expand in the U.S., future research should continue to assess the potential benefits and important
programmatic components of produce prescriptions, utilizing strong study designs, so that successful models can

be identified and scaled to improve health equity and quality of care.
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Introduction

Despite suboptimal diet being a leading cause of morbidity and mortality in the U.S.,”” the healthcare
system has traditionally had few tools to connect high-risk patients to nutrition services.! This is rapidly changing
with interest among healthcare systems, payers, patients, and policymakers in “food is medicine” interventions
like medically tailored meals (MTMs) as a potential tool to improve nutrition security, health outcomes, and
healthcare utilization for high-risk patients."”” MTMs are fully prepared, nutritionally tailored, and generally
home-delivered healthy meals for individuals living with advanced and costly diet-sensitive conditions, such as
diabetes, heart failure, end-stage renal disease, HIV, and cancer. Programs generally provide ten weekly meals
(lunch and dinner for five days per week), designed by a registered dietitian based on disease diagnosis and
nutritional assessment.''> MTM programs are often designed to treat individuals with lower income, food
insecurity, and/or limitations in instrumental activities of daily living (IADLs) that make it difficult to prepare
healthy meals.

In quasi-experimental interventions and pilot randomized controlled trials, patients receiving MTMs
experience better disease management, fewer hospitalizations, emergency department admissions, and nursing
home visits and have lower healthcare expenditures, compared to similar control patients. **>!'3"''> Compared to
matched patients not receiving MTMs, MTMs receipt has been associated with a 37% to 52% lower risk of

8,9,55,113

hospitalization, 16% to 31% reduction in monthly healthcare expenditures, and decreased net costs of

~$2,500 per patient year after paying for meal costs.**

MTMs, especially those evaluated in the literature, are generally provided by community-based
organizations supported by grants, donations, and additional ad hoc restricted funding from Home Health Care
Services benefits, Medicare Advantage programs, or state Section 1115 Waivers allowing coverage of MTMs.*”
MTMs are not currently a covered benefit in Medicaid nor Medicare. Bills at both state and federal levels have
recently proposed expanded access to MTMs in Medicaid and Medicare, but these have not passed.''®!'"’
Availability of MTMs in federal programs depends on (a) whether regulatory flexibility or other special
circumstances permit their inclusion, and, if permitted, (b) whether participating private healthcare entities choose
to cover them.'?

Given the limited coverage of MTMs nationally, this treatment is unavailable to most Americans who
might benefit. To our knowledge, no previous research has modelled expected changes in healthcare expenditures
and hospitalizations if MTMs were covered nationally by health insurance for the population routinely served by
existing MTM organizations. The objective of this study was to estimate the one- and ten-year impacts of MTMs
on hospitalizations, healthcare expenditures, and net costs among patients with diet-related diseases and

limitations in instrumental activities of daily living (IADL) covered by Medicaid, Medicare, and private

insurance.
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Methods
Population and Setting

The study sample was drawn from the 2019 Medical Expenditure Panel Survey (MEPS), a nationally
representative survey of healthcare utilization and costs among non-institutionalized US adults. MEPS provides
detailed individual-level data including on age, sex, race/ethnicity, family income, geographic region, [ADL
limitations, medical conditions, healthcare utilization, and costs. This study was approved by Tufts Health
Sciences Institutional Review Board and considered not-human subjects research based on use of publicly

available, de-identified data. We followed the CHEERS guidelines throughout our analysis and reporting.

Patient Eligibility

We modeled eligible patients as adults age 18+ years covered by Medicare, Medicaid, or private payers
and having both one or more diet-sensitive condition and one or more IADL limitation. Diet-sensitive conditions
included diabetes, congestive heart failure, myocardial infarction, other heart disease, emphysema, and stroke as
defined as priority conditions in the MEPS 2019 Combined File,'"® and non-melanoma cancer, chronic kidney
disease, and HIV as defined by ICD-10 codes in the MEPS 2019 Medical Conditions File.""*'? These diagnoses

h7-11,55,113-115,121

were selected because they reflect the patient populations in previous MTM researc and served by

the national network of MTM providers.'"

IADL limitations were defined as a positive response to receiving help
or supervision using the telephone, paying bills, taking medications, preparing light meals, doing laundry, or

going shopping due to an impairment or health problem.''®

MTM Intervention

We assumed meals were medically tailored and provided only for the index patient (i.e., no meals
provided for other household members, as is common in most MTM insurance contracts). In practice, MTM
organizations often create ten to fifteen meal plans per day, with Registered Dietician Nutritionists tailoring ratios
of macronutrients and micronutrients for specific diagnoses, incorporating optimal quantities of healthy food
groups such as fruits and vegetables, accounting for dietary preferences such as vegetarian options, and providing
options for individuals who have challenges chewing solid foods. MTM dietary guidelines for common diagnoses
are listed online by the Food is Medicine Coalition.'*

We conducted a PubMed search for studies that measured the impact of MTMs on hospitalizations and/or
healthcare expenditures in the United States in the past 20 years. Using the five studies identified, *>!'*!23 we
calculated the weighted average duration of MTM receipt, identified as an average of eight months of MTMs per
patient per year (Supplemental Table 3.1). We also conducted an original meta-analysis to estimate policy effect

8,9,55,113,123

sizes. By pooling findings from published interventional studies using inverse variance-weighted meta-

analysis with random effects (Supplemental Table 3.2-3.3), MTM provision reduced annual healthcare
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expenditures by 19.7% (95% CI: 6.9%, 32.4%) and annual hospitalizations by 47.0% (31.7%, 62.3%), compared
with usual care. We further conservatively assumed that benefits of MTMs would occur only in the year of MTM

provision, with no sustained or carry-over benefits into the following year.

Policy Costs
Annual MTM program costs included clinical screening costs and meal costs (Table 3.1). Screening costs
were based on 2020 RD facility Medicare reimbursement rates for an initial, 15-min medical nutritional therapy at

124 Meal costs

~$30 per patient (ranges from $27.34 in Mississippi to $35.17 in Santa Clara County California).
were based on 2019 insurance contracts from 10 major MTM organizations and include nutritional tailoring,
ingredients, labor, administrative, and delivery costs, which yielded a pooled mean (SD) per meal cost of $9.30
(0.64). In our one-year and ten-year models, we calculated net policy costs as the sum of changes in healthcare
expenditures attributable to MTM receipt and total MTM program costs.

For the 10-year policy model, we assessed historical trends in population size and annual healthcare
expenditures among MTM-eligible patients from 2010-2019 using MEPS data. We adjusted each year’s
expenditures to 2019 USD'® using log-linear regression stratified by insurance status for the eligible population,
and used these inflation-adjusted trends to project 2020-2028 expenditures and population size from the 2019
MEPS data. Given the specific patient population eligible for MTMSs, we chose this empirical forecasting
approach using MEPS data rather than incorporating expected trends for the general US population. For the ten-
year model, we assumed all eligible participants received meals for eight months per year in each year. We
modeled an open cohort in which the population size for each year reflects people newly eligible entering and

those who are no longer eligible leaving.

Simulation Model

We utilized a population-level, cohort policy simulation model to estimate the change in hospitalizations
and healthcare expenditures that might occur from implementing an MTM policy compared to the status quo (ie,
no new MTM policy), programmed in R (version 4.1.2). For one-year (2019) and ten-year (2019-2028) time
horizons, model outputs included changes in annual inpatient hospitalizations and healthcare expenditures, MTM
program costs and net policy costs from the healthcare perspective, separately analyzed among Medicaid,
Medicare, dual eligible, and privately insured patients. Model inputs included annual hospitalizations and
expenditures from MEPS, relative risks of hospitalizations and percent change in healthcare expenditures
associated with MTM receipt, and MTM program costs (7able 3.1). MEPS survey weights were used to scale the
sample to be nationally representative.

Simulations were repeated 1,000 times in each year so that probabilistic analyses jointly incorporated

uncertainty in model inputs for hospitalizations, healthcare expenditures, effect sizes, and screening and meal
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costs by drawing randomly from within the plausible range of each input during simulation. Estimates reflect the
mean of 1,000 Monte Carlo simulations, with the 95% uncertainty interval defined as the 2.5M percentile to the
97.5" percentile of the simulations. Ten-year estimates summed separate simulations for each year (2019-2028)
and assumed all eligible individuals received meals for eight months in each year, with 3% annual discounting of

healthcare expenditures and MTM program costs

Secondary and Sensitivity Analyses

As some MTM contracts condition receipt on experiencing food insecurity, a secondary analysis
restricted the patient population by adding food insecurity as an eligibility criterion for the one-year model (using
2017 MEPS data, the most recent dataset including food insecurity). Food insecurity is defined by the United
States Department of Agriculture as “the limited or uncertain availability of nutritionally adequate and safe
foods.” '* Multiple, one-way sensitivity analyses assessed robustness of findings to specific assumptions in our
one-year model, including estimating potential impacts for individuals with diabetes and congestive heart failure
only, as these represent the most diet-sensitive conditions among our eligibility criteria. A third one-year
sensitivity analysis assumed only 50% of eligible patients received MTMs. A fourth sensitivity analysis estimated
potential policy impact at the 2.5™ 10™, 25", 50 75™ 90™, and 97.5™ percentiles of our effect size for change in
healthcare expenditures associated with MTM receipt, holding constant all other inputs at their central estimate.
Finally, we performed a threshold analysis to estimate the per meal cost at which the overall, one-year net policy
costs would break even (ie, be zero), and a separate threshold analysis to estimate the minimum change in
healthcare expenditures associated with MTM receipt for the overall policy costs to break even, holding constant
all other inputs at their central estimate.

For the ten-year model, sensitivity analyses included alternative annual discounting rates of 0% and 5%
and incorporating a second year of sustained reductions in healthcare expenditures among 15% of MTM

recipients without requiring MTMs in the second year.

Results
Eligible Patients

In 2019, we estimated that approximately 6.3 million U.S. adults would have been eligible to receive
MTMs in Medicare, Medicaid and private insurance based on having at least one diet-sensitive disease and [ADL
limitation (7able 3.2) with a mean (SD) patient age of 68.1 (16.6) years, in which 63.4% were women and 66.7%
were non-Hispanic White. Median (IQR) household income was 192.3% (93.5%, 372.1%) of the poverty line, and
76.5% of patients were covered by Medicare and/or Medicaid. The most common eligibility diagnosis was

diabetes, followed by cardiovascular disease and cancer (Table 3.2). Mean (SD) annual healthcare expenditures
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in 2019 were $31,134 ($34,749) per person, including 0.98 (1.68) ED visits and 0.54 (0.94) hospitalizations per
person per year, consistent with the expected high severity of illness and healthcare utilization in this patient

population.

Estimated One-Year Effects

If all eligible individuals received MTMs, then MTM program costs, including clinical screening and
meals, would cost $24.8 billion (23.1, 26.8) and an estimated 1,594,000 hospitalizations (95%UTI: 1,297,000,
1,912,000) and $38.7 billion (24.9, 53.9) in healthcare expenditures would potentially be averted in one year
(Table 3.3). Most (77.0%) of the healthcare expenditure savings would occur in Medicare and Medicaid, totaling
$29.8 billion (22.2, 38.2). Summed across all healthcare payers, the policy was estimated to be potentially net cost
saving at $13.6 billion (0.2, 28.5). By payer subsets, one-year possible policy cost savings were estimated at $3.1
billion (-2.9, 9.5) for private payers, $3.4 billion (-5.4, 12.1) for Medicare, $1.7 billion (-1.1, 5.1) for Medicaid,
and $5.9 billion (-1.9, 14.1) for dual eligible. In probabilistic analyses combing all insurance strata, the

intervention was associated with net cost-savings in >97% of the simulations (Figure 3.1).

One-Year Sensitivity Analyses

When adding food insecurity as an eligibility criterion, eligibility decreased from 6.3 to 1.9 million
individuals. Compared to the original population, this smaller population was younger and more likely to be non-
Hispanic Black or Hispanic, have lower household income, and be dual-eligible (Table 3.2). Baseline annual ED
admissions, hospitalizations, and healthcare expenditures were slightly higher than for the base-case population,
although these differences were not statistically significant. In this smaller population, our model estimated that
MTMs would potentially avert 506,000 hospitalizations (95%UT: 398,000, 654,000) and $13.0 billion (7.9, 18.9)
in healthcare expenditures in one year, with a net policy cost savings of $5.5 billion (0.7, 11.1) (Table 3.3).

2.8 million individuals in the primary population had diabetes. Among this population our model
estimated that MTMSs could potentially avert 701,000 hospitalizations (95%UI: 524,000, 911,000) and $19.3
billion (12.2, 27.3) in healthcare expenditures in one year, with a net policy cost savings of $10.9 billion (3.6,
18.8). 1.7 million individuals had congestive heart failure, and among this population our model estimated that
MTMs receipt was associated with a potential reduction of 530,000 hospitalizations (95%UI: 737,000, 705,000)
and $10.9 billion (6.3, 15.6) in healthcare expenditures in one year, with a net policy cost savings of $5.8 billion
(3.6, 18.8). The three secondary populations were anticipated to have between 139% - 173% greater per capita net
policy cost savings than the primary population (Supplemental Table 3.4).

Assuming only 50% coverage of eligible participants in the primary population, the policy was estimated
to potentially prevent 798,000 hospitalizations (95%UI: 648,500, 956,000) and $19.4 billion (12.5, 26.9) in

healthcare expenditures, with a net policy savings of $6.9 (0.1, 14.2) in one year. For the one-year policy to be
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cost-neutral rather than cost-saving, the estimated per meal cost would need to double from $9.20 to $18.89 and
the change in healthcare expenditures associated with MTM receipt would need to decline by over one third,
dropping from 19.7% to 12.7%. Across the uncertainty range from the 2.5" — 97.5™ percentile of the effect size
for change in healthcare expenditures associated with MTM receipt, the majority of scenarios would be
anticipated to be cost-savings, with the potential for significantly greater benefits than are reported in our primary
findings (Supplemental Figure 3.1). However, it remains possible that the policy may have a net positive cost if
the true effect of MTM receipt on change in healthcare expenditures is below the 14™ percentile of our effect size

uncertainty range.

Estimated Ten-Year Effects

Based on observed national trends with 2019 as the base, we assumed that from 2020-2028, the eligible
patient population would increase annually by 1.0% among privately-insured individuals, 2.1% in Medicare, 3.0%
in Medicaid, and 5.7% in dual eligible; and that per patient inflation-adjusted healthcare expenditures would
increase by 1.5% annually among privately-insured individuals, 1.7% in Medicare, 3.5% in Medicaid, and 3.9%
in dual eligible. In 2019 dollars, ten years of the MTM intervention was estimated to potentially cost $298.7
billion (95%UI: 279.7, 317.4), reduce hospitalizations by 18,257,000 (14,690,000, 22,109,000) (Table 3.4), and
reduce healthcare expenditures by $484.5 billion (310.2, 678.4) (Supplemental Table 5), for a net cost savings of
$185.1 billion (12.9, 377.8) from an insurer perspective, in which the target population received MTMs for eight
months per year in each of the ten years modelled (Table 3.4).

Ten-Year Sensitivity Analyses

Applying either 5.0% discounting or no discounting of costs, $441.2 billion (95%UI: 282.7, 617.7) and
$558.4 billion (357.3, 782.1) in healthcare expenditures would potentially be adverted, respectively (Supplemental
Table 3.5). The net 10-year cost savings were $143.7 billion (-11.8, 319.4) for 5.0% discounting and $260.7
billion (62.7, 481.5) for no discounting (Table 3.4). Assuming benefits of MTMs persisted into a second year for
15% of individuals (and with 3% discounting), the estimated ten-year potential net cost savings was $231.5

billion (41.2, 441.4).

Discussion

Combining nationally representative data on patient eligibility and healthcare utilization with evidence
from interventional studies of MTMs, our simulation model estimated that full national coverage of MTMs in
Medicare, Medicaid, and private insurance for patients with both a diet-sensitive condition and IADL limitation

could meaningfully reduce annual hospitalizations and healthcare expenditures. Among 6.3 million eligible high-
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risk recipients, MTMs could possibly prevent 1.6 million annual hospitalizations. Furthermore, after accounting
for the costs of identifying and referring patients to MTM organizations and providing ten weekly meals for an
average of eight months annually, the policy is anticipated to be associated with a net savings of $13.6 billion
over one-year and $185.1 billion over ten-years. These findings were robust to a range of sensitivity and scenario

analyses.

Alignment with Prior Research

The provision of prepared meals through healthcare first arose as a palliative measure for patients with
AIDS under the Ryan White Comprehensive AIDS Resources Emergency Act in 1990, at a time when few
effective treatments for HIV existed. The potential utility of MTMs in clinical care is now supported by
interventional studies observing improved diet quality, food security, and disease management when high-risk
patients with diet-sensitive conditions receive MTMs.''¥!15121126 M TMs have been associated with reduced
depressive symptoms and fewer dilemmas between paying for either food, healthcare or prescriptions.'?' Receipt
of MTMs is also associated with improved disease management. For example, among patients with HIV
receiving MTMs, antiretroviral therapy adherence increased; and among patients with diabetes, diabetes self-
management improved.'?"'?® These prior findings suggest that MTMs may improve health through several
pathways including improved nutrition, improved food security, better financial wellbeing, reduced stress and
anxiety, and improved medication adherence and self-management.

Other research supports additional mechanisms by which MTMs could reduce hospitalizations and lower
healthcare expenditures. For example, patients with advanced cirrhosis and ascites required fewer weekly
paracenteses and experienced improved ascites-specific quality of life after three months of MTMs.'"* Among
patients with recent heart failure hospitalization, 1 month of MTMs improved clinical symptom and quality of life
scores on the Kansas City Cardiomyopathy Questionnaire.'”® In a recent randomized controlled trial, 600 patients
hospitalized with chronic heart failure were assigned to receive either usual hospital meals or medically tailored
meal plans, nutritional counseling, and if necessary, supplemental IV nutrition. The tailored nutritional
support led to a 56% reduction in mortality at thirty days.'”” Although provided in-hospital rather than home-

delivered, this trial supports the benefits of comprehensive, tailored nutritional support for high-risk patients.

Interpretation of Results

We modelled MTM provision to patients with severe comorbidities and limitations to independence, and
these findings should not be generalized to a healthier population nor to a less intensive nutrition intervention.
We do not anticipate similar results would be expected for individuals with the same diagnoses who do not have
limited [ADLs. Our main analysis is based on full coverage of all eligible individuals to provide a best-case policy

scenario. In practice, it would take time for MTM services to scale and serve all eligible patients. Thus, our
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scenario analysis of 50% coverage is an alternative benchmark for comparison. Scaling of MTMs could increase
program efficiency and reduce costs, leading to greater net savings. Conversely, scaling could be associated with
lower nutritional quality or tailoring of meals, reducing efficacy. These possibilities need to be evaluated with
empirical research. Nonetheless, the robustness of our results suggests that national MTM coverage would be
expected to be effective and cost-savings under a range of circumstances if appropriately targeted, including
adding food insecurity as a criterion for eligibility or focusing only on patients with diabetes or congestive heart
failure. Sensitivity analyses suggest that further targeting to these higher need populations may result in greater
per capita cost savings, but lower population level cost savings as fewer people are eligible. Finally, the primary
goal of MTM s is to provide high-quality medical care for vulnerable patients, and the observed reductions in
hospitalizations and expenditures do not incorporate potential additional benefits in patient-related quality of life,

disease progression, caregiver wellbeing, and population-level health equity.

Health Policy Relevance

This investigation leverages national data and interventional findings to estimate the health and economic
impacts of MTM expansion within Medicaid, Medicare, and private insurance. The findings support policy
expansion of access to MTMs by adopting health policy reforms. Several states are currently piloting expanded
MTM access, including a $6 million pilot in California for patients with heart failure;'** a $149 million pilot of
Flexible Services in Massachusetts which covers nutrition and housing programs including MTMs among
Medicaid patients;** and a similar $650 million 1115 waiver in North Carolina’s Medicaid program that allows
payment for MTMs.* Multiple private payers are experimenting with MTMs through charitable donations and
grants.''? Kaiser Permanente, the largest HMO in the U.S., is undertaking a large controlled trial of MTMs for
high-risk patients.'® At the federal level, the Medically Tailored Home-Delivered Meal Demonstration Pilot Act
0f 2021 has been introduced to direct Medicare to implement and evaluate MTMs with similar bills recently
introduced at the state level."'®!''” As of 2020, Medicare Advantage plans may also choose to provide MTM:s to
certain beneficiaries. Despite this accelerating use of MTMs, access depends on buy-in from state-level Medicaid
administrators or managed care plan leadership and is therefore limited by geography and/or insurance carrier.
The current limitations in national coverage present an opportunity to improve health if future policies expand
MTM access, with an additional opportunity to improve health equity if such policies prioritize low income
and/or food-insecure patients. Our findings support the promise of MTM programs, the need for their timely
implementation, scaling, and evaluation in both public and private healthcare.

The COVID-19 pandemic has further highlighted the need to invest in prevention and treatment of
nutrition-sensitive chronic conditions with a focus on health equity. The U.S. Centers for Disease Control and
Prevention has documented diet-related conditions including diabetes, cardiovascular diseases, chronic kidney

disease, cancers, and obesity as leading risks for COVID-19 hospitalizations and deaths."** Our research suggests
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that expanding MTM access should be considered as one healthcare strategy to improve care for high-risk patients

with diet-related conditions.

Strengths

We incorporated national data on eligible patients and healthcare utilization and expenditures, increasing
generalizability. Effect sizes were derived from interventional studies of MTMs, and MTM program costs from
insurance contracts between MTM providers and healthcare systems. Patient eligibility criteria were aligned with
prior research studies and existing MTM programs. Our policy model included probabilistic sensitivity analyses
across 1,000 Monte Carlo simulations to jointly incorporate uncertainty and report a range of plausible outcomes,
while additional one-way sensitivity analyses tested the impact of specific assumptions on the results. We

estimated both one-year and ten-year outcomes, providing a range of clinically and policy-relevant time horizons.

Limitations
Although all included MTM studies were interventional, most were quasi-experimental, with carefully
constructed rather than randomized control groups. However, existing randomized trials of MTMs that assessed

other health outcomes''*'1>!?7

support the estimated benefits from the quasi-experimental interventions.
Published literature was insufficient to incorporate other outcomes that may be impacted by MTMs, for example
emergency department admissions, nursing home admissions, and patient quality of life. Published MTM
evaluations report up to two years of intervention, and our ten-year estimates could be either over- or
underestimates of cost savings, depending on whether efficacy strengthens or wanes over time. The eligible
population analyzed represents an open cohort, with some newly entering eligible patients and others exiting due
to loss of eligibility or mortality. Finally, our base-case 10-year analysis assumed no carry-over benefits of

receiving MTMs, which could underestimate policy benefits if some MTM recipients have lasting improvements

in health after one year of intervention.

Conclusions

Our simulation model of a nationally representative MTM eligible population with diet-sensitive
conditions and IADL limitations estimates that coverage for MTMs in Medicare, Medicaid and private insurance
could potentially avert 1.6 million hospitalizations and save a net $13.6 billion from the healthcare perspective in
the first year. These findings are timely and relevant to inform increasing state, federal, and private payer interest

in implementing Food is Medicine interventions like MTMs to address diet-related chronic illness in the US.
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Conclusion

Produce Prescriptions

Chapter one of this dissertation built on previous research to reaffirm that participation in produce
prescription programs is associated with improved FV intake, food insecurity and self-reported health status.
Critically, chapter one provides new, important evidence that produce prescription programs can also improve
health outcomes. The analyses found clinically meaningful and statistically significant improvements in
biomarkers of cardiometabolic health among adults with poor health at baseline in the largest produce prescription
analysis to date pooling individual level data from 22 produce prescription locations across 12 U.S. states. These
improvements were even larger among adults with obesity, uncontrolled diabetes, and stage II hypertension at
baseline. Pooling data across multiple program locations and designs operated in over ten U.S. states improved
the generalizability of these findings. However, the study is limited due to the lack of a control group and
possible regression to the mean, thus changes could have occurred by chance or due to cooccurring factors such as
lifestyle or medication changes. Nonetheless, the findings suggest that produce prescription could be an important
part of clinical care for select patients and supports the need and feasibility for large trials and demonstration
projects. This study is relevant given the growing US policy focus on produce prescription programs, including
the new GusNIP Produce Prescription Program as part of the 2018 Farm Bill, Medicaid pilots of produce
prescriptions in multiple U.S. states, and new optional coverage of produce prescriptions in Medicare Advantage
plans.

Chapter two offered a deep dive into one of the Wholesome Wave programs included in the chapter one
pooled analysis, namely the Hartford Healthcare Produce Prescription Program. Short of a randomized controlled
trial, this study utilized one of the best designs available to evaluate the program and contributed to the literature
by employing a stronger research design and larger sample size than most of the existing produce prescription
research on clinical biomarker outcomes. Chapter two is also the first study to assess healthcare utilization among
diabetic participants in a produce prescription program, another notable contribution to the produce prescription
research base. Unfortunately, across all outcomes assessed, no impacts on health or healthcare utilization were
detected as compared to the control group, even though the Hartford Healthcare program targeted patients with a
history of uncontrolled diabetes (which is one of the patient populations most responsive to dietary interventions).

The chapter two evaluation of the Hartford Healthcare Produce Prescription provides an opportunity to
explore if regression to the mean may have occurred in chapter one because this study leveraged a comparison
group and was included in the pre/post, pooled analyses. Interestingly, even the pre/post analyses of participants
only within the Hartford Healthcare program found no program impact. Had the pre/post analyses found a

significant improvement in HbA1c whereas the propensity score weighted analyses did not, this would show that
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regression to the mean had occurred in at least one of the chapter one programs. While it is impossible to know if
regression to the mean occurred within the other programs included in chapter one, it is encouraging that
regression to the mean cannot explain the seemingly contradictory null findings in chapter two, which leveraged a
robust quasi-experimental study design. In fact, the inclusion of the Hartford Healthcare program with the pooled
analyses of chapter one brings the effect estimates for HbAlc, BMI, and BP down closer to the null hypothesis.

The null results of the Hartford Healthcare program counters the optimism found in the chapter one
results, however chapter two findings could be unique to the historical moment of the early COVID-19 pandemic
outbreak in the U.S. Nonetheless, the null findings should give produce prescription program implementers and
policy makers pause and recognize that not all Food is Medicine programs are designed equally, nor is it a
guarantee that they will work even within a high-risk population. Programmatic components such as benefit
amount, scaling benefits by household size, using card technology, and maximizing convenience and choice
among retail partners for participants will likely impact program efficacy and should be explored by future
research.

In sum, chapters one and two are relevant to non-profit organizations, health care administrators,
physicians, patients, retail grocery partners and policy makers across the US who are interested in operating
produce prescription programs. Findings from these chapters provide both optimism for the potential benefits of
produce prescriptions, balanced with caution and pause for reflection on what programmatic aspects may be

required to effectively improve health outcomes.

Strengths and Limitations of Quasi Experimental Designs

Chapters one and two leveraged quasi experimental study designs, which have several pros and cons as
compared to the standard of randomized controlled trials (RCTs). Quasi-experimental studies evaluate the
association between an intervention and an outcome in which the intervention is not randomly assigned. Common
quasi experimental studies regression discontinuity designs, interrupted time series analyses, instrumental variable
analyses, and non-randomized evaluations with a constructed comparison group. These studies all have the
benefit of being pragmatic options when the logistics for a randomized trials are not feasible or are unethical, plus
can retroactively measure policy changes with appropriate selection of existing datasets. Quasi-experiments are
particularly efficient when studying long-term impacts of policy change or dietary intake on disease incidence in
settings in which a randomized control trial would be too expensive and infeasible to conduct for years at a time.
Even in shorter-term contexts, quasi-experimental studies are less expensive and time consuming than a
randomized trial. Quasi-experimental studies can also be leveraged to evaluate rapid outbreaks or safety concerns
that require urgent responses that cannot wait for a RCT to be planned and implemented. Finally, quasi-

experimental studies often have increased generalizability as they evaluate the real-world effectiveness of an
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intervention implemented by hospital staff or government programs for example, rather than the efficacy of an
intervention implemented by research staff under highly controlled research conditions.

There are two main shortcomings of quasi-experiments. The first is selection bias, which refers to
systematic differences between the intervention and control groups that are related to the outcome of interest.
Selection bias can be introduced by the investigator when creating comparison groups if the treatment group and
control group are drawn from differing populations. Second, other factors outside of the policy or intervention
being evaluated may impact the results, a phenomenon known as historical bias.

There are additional concerns for quasi experimental studies. Retrospective data are frequently leveraged
and may be incomplete, difficult to obtain, or were collected for other purposes. For example, electronic record
data is collected primarily for billing and health care decision making, with research as a secondary objective,
thus there may be missing variables for a study or high levels of missingness among variables that are measured.
In retrospective studies in which investigators are attempting to measure former exposures, recall bias may also be
a concern. The quality of data may vary in different time periods, resulting in measurement error. Finally,
maturation bias can occur when natural changes over time influence the study outcome, for example seasonality,
study fatigue, or aging.

Appropriately controlling for confounding is a concern in quasi-experimental studies. When following
subjects before and after an intervention, confounding by time is specific concern and can occur when
confounders have values that change over time, for example age, clinical biomarkers like BMI, BP, and HbAlc,
diet, or smoking status. This is of greater importance in longer studies in which values of time-varying
confounders are more likely to change and impact the outcome of interest, and in scenarios in which time varying
confounding is influenced by past exposure. Failure to appropriately account for confounding by time can result
in over-adjustment bias. This occurs when an investigator controls for a time-varying variable that is both a
mediator and confounder, which partially blocks the effects of a past exposure on the outcome that is mediated
through that variable. Statistical techniques like inverse probability treatment weights and G estimation can
account for time varying confounding influenced by past exposure in quasi-experimental studies and provide
unbiased treatment effects.'*! Finally, like all observational studies, the internal validity of quasi experimental
studies can be impacted by residual confounding of unmeasured confounders.

There are study design and implementation factors that can limit both RCTs and quasi-experimental
studies. For example, policy or program implementation can impact the efficacy of the intervention or policy
being studied, resulting in “non-compliance” or loss to follow-up. Thus, for both RCTs and quasi-experiments it
is critical to obtain implementation and utilization data and to budget resources for end point data collection.
These concerns arose in chapter one of my dissertation in which Wholesome Wave surveys had high rates of
missing program end data, and in chapter two, in which the redemption rate of produce prescriptions within the

Hartford Healthcare Produce Prescription Program decreased slightly during the COVID-19 pandemic.
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Measurement error is always a concern and if non-differential, could bias results towards the null hypothesis. If
differential measurement error is present, it could bias results in unpredictable ways (ie, towards the null or away
from the null). Testing bias, in which knowing the results of a previous test may influence the results on a latter
test, is a concern in both RCTs and quasi experimental studies and highlights the importance of blinding, when
feasible. A similar concept of observation bias could threaten the internal validity of both RCTs and quasi
experimental studies and describes the scenario in which the intervention group could be more likely to improve
when they are aware of being observed.

Several strategies can be used to improve the internal validity of quasi-experimental studies. The most
important is using a well-constructed control group drawn from the same source population, which can assist in
accounting for seasonal changes, historical bias and regression to the mean. Statistical techniques like matching or
propensity score weights can help create comparable control groups, providing greater plausibility of detecting a
true treatment effect (for example, chapter two of this dissertation). Multisite studies are preferable as they
generally have stronger external validity when testing an intervention at multiple locations and communities (for
example, chapter one of this dissertation). Studies that can analyze dose-response relationships between the
treatment and outcome of interest can also add greater evidence of a treatment effect (for example, a higher
produce prescription dollar value may have greater impacts on health outcomes).

Leveraging multiple measurements over time before and after a policy change or intervention increases
the internal validity of a quasi-experimental study and improves statistical power. For this reason, interrupted time
series studies are a common quasi-experimental design and sometimes are the only option available to study
nationwide nutrition or health policies. In these longitudinal studies, pre-intervention outcome data establish an
underlying trend that is assumed to continue had the intervention not been implemented. Thus, any change in the
outcome trend during the post-intervention period is determined to be the treatment effect. Interrupted time series
analyses typically work best for outcomes that are likely to change soon after an intervention is introduced. Both
interrupted time series and other types of longitudinal studies allow an investigator to assess changes within
groups over time, and when a control group is available, to compare changes across groups over time (as was
done in chapter two). If sufficient follow-up data are available, investigators can also assess if treatment effects
end when the intervention is removed or if benefits are sustained over time (this approach was also incorporated
into the chapter two analyses). Finally, for all longitudinal studies, analyses must account for clustering arising
from repeat measurements on individuals, for example with GEE or HLM models (otherwise standards errors will

be incorrectly small), and sample size calculations should account for design effects due to clustering.
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Covariate Adjustment in Chapters One and Two

Chapters one and two adjusted for covariates in distinct ways. Chapter one adjusted for covariates in a
pre/post study without a control group, whereas chapter two leveraged propensity score weights to balance
potential confounders between the treatment and control groups. The following section adds more detail than was
in the manuscripts describing the rationale of these two approaches.

In general, there are several scenarios to adjust for variable even when one is not particularly worried
about confounding, for example in a pre/post study without a control group (ie, chapter one), within a randomized
trial, in mediation analysis, or simply to improve the overall model prediction. The first reason would be to
increase the precision of the main predictor. Even in randomized controlled trial, where the main predictor’s beta
should be unbiased with a sufficiently large sample size, investigators sometimes choose to adjust for other
variables as they can potentially improve statistical precision with an appropriate number of known or probably
confounders. (Other investigators may choose to only control for measured covariates in a randomized trial that
have imperfect balance after randomization). However, model overfitting, in which an investigator adds too many
variables into a statistical model, can worsen precision through increased collinearity and fewer degrees of
freedom. The negative impacts of overfitting are even more pronounced when added variables are unlikely to be
true confounders, so care should be taken to evaluate if covariates are probable confounders before adding them to
a model.

In chapter one, the primary research question was to examine individual-level change in outcomes
associated with produce prescription participation. With no control group and thus no differential distributions of
confounding variables across comparison groups, there is no strict need to control for time-constant variables to
limit confounding. Yet, there are some minor benefits to including potential confounders in the model. In the case
of chapter one, adding covariates slightly improves statistical precision, although the difference was minimal and
did not meaningfully change the results. Another reason to adjust for covariates in a pre/post study is to move
away from a “variable-focused” paradigm and to a “model-focused” paradigm. In chapter one, while the inclusion
of non-time-varying factors did not significantly impact the effect estimate, it does improve the overall model’s
prediction. This is important if a researcher uses marginal means or predicted means from the model to compute
an individual’s estimated outcome value. (In fact, chapter two used marginal means to report the difference in
HbA 1c between treatment and control at 6 months after program enrollment). The one drawback of adding
potential confounders in a pre/post study would be losing a degree of freedom for each additional covariate added
to the model; however, the chapter one sample size was sufficiently large and thus the inclusion didn’t impact
statistical inference. Either way, the results were similar with and without the added potential confounders, and an

investigator could reasonably select either approach.
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A final rationale to add covariates into a model is to isolate partial effects in mediation analyses. For
example, imagine that Z is a partial mediator in the relationship X =Y. To parse out the direct effect of X on Y
through Z as a mediator, an investigator could add Z as a covariate in the regression model. This was done as an
exploratory analysis within chapter one for a separate Tufts Friedman School produce prescription modelling
study (outside the scope of this dissertation) to see if FV intake had a direct impact on HbA 1c change independent
of BMI mediated impacts on HbAlc.

Chapter two leveraged a propensity score weighting approach instead of “standard” controlling for
confounding by adding covariates in the main regression model to account for differences between the treatment
and control groups. The primary benefits of this approach are that overlap weights create both improved statistical
precision and perfect covariate balance on potential confounders. This latter point mimics an important attribute
of randomized controlled trials and acknowledges that an even distribution of a measured confounder across two
groups cannot bias results. However, as compared to randomized trial, propensity score overlap weights can only
create balance on measured covariates. Since an individual’s propensity score is the probability of receiving
treatment based on observed covariates used in the propensity score creation, not only do propensity scores take
into consideration the impact of potential confounders on the outcome of interest, but also measure their collective
prediction of receiving treatment in the first place. While these represent the theoretical rationale of using
propensity scores in chapter two, interestingly, conducting the analyses without the propensity score weights (and
instead using the predictors of the propensity score model as covariates in the main regression model) did not

meaningfully change the results in the chapter two analyses.

Medically Tailored Meals

The final chapter in this dissertation is the first study to leverage available data to estimate the health and
economic impacts of MTM expansion within Medicaid, Medicare, and private insurance to patients with diet-
related, chronic disease and limitations in instrumental activities of daily living. Coverage for MTMs is not a
mandated benefit within Medicaid or Medicare, but there is growing interest in health insurance coverage of
MTMs, including recent legislation at the state and federal levels.''®!'” In practice, given the lack of national
reimbursement and relatively few, small scale non-profit organizations scattered across the US, the service is
unavailable to the vast majority of Americans. This type of modelling study complements existing literature by
estimating national impacts of expanded MTM coverage while testing different underlying assumptions, thereby
offering policymakers a range of plausible outcomes to guide decision making.

Chapter three compliments the program evaluations within the Wholesome Wave studies with a distinct

methodology that modelled impacts of MTM expansion within Medicare, Medicaid, and private insurance for
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patients with diet-related illness and limitations in activities of daily living. Chapter three provides useful
predictions based on the best available data and incorporates the uncertainty inherent in all the model inputs.
While the effect sizes for the impact of MTMs on healthcare utilization are derived from relatively few studies, it
is encouraging that a recent abstract accepted for presentation at the upcoming American Public Health
Association annual meeting in November 2022 described a randomized controlled trial of MTMs for patients with
congestive heart failure which found a significant reduction in hospitalizations identical to the effect size derived
from our meta-analysis of previous studies.'*> Chapter three highlights that MTMs could play a significant role in
clinical care and U.S. health policy for patients with advanced diet-related illness, especially if future RCTs
continue to confirm the effect sizes used in the chapter three model. This type of modelling exercise is highly
useful for policy makers weighing the pros and cons of funding future programs, demonstration projects, or even

legislation.

Future Questions and Methods

There are several key areas to explore in future research that build off this dissertation. To me personally,
understanding the impacts of the benefit dollar value, program duration, and household size on produce
prescription efficacy are among the most interesting. Additionally, future research should explore if produce
prescriptions have a larger impact on health outcomes if benefits could be redeemed for other healthy food
purchases like whole grains, nuts and beans, in addition to fruits and vegetables only. Similarly, within medically
tailored meal research there is an opportunity to test dietary patterns and meal composition to improve the degree
of medically tailoring to maximize impact on health outcomes.

Overall, future food is medicine evaluations should employ stronger methods, in particular among
produce prescription evaluations. It is hard to imagine how a future pre/post study could meaningfully add to the
literature, especially once the chapter one manuscript is published, which represents by far the largest new
produce prescription evaluation to date. Randomized trials are the gold standard, but the propensity score
weighting methods used for chapter two can easily be adapted for other settings. Some food is medicine programs
may also lend themselves well to a regression discontinuity design if using a strict biomarker cutoff value for
program eligibility and enrollment. Finally, the chapter one analyses taught me that maximal funding and staff
effort should be exerted to eliminate missing data during program implementation and data collection. No matter
how strong the study design missing data will limit internal validity, even in a randomized controlled trial, and

limiting the impacts of missing data should be a priority in study design.
Impact on Policy

The research in this dissertation has already impacted U.S. health and food policy developments. Most
notably, the chapter three manuscript on MTM expansion was shared with the Congressional Budget Office and
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after reviewing the manuscript, the CBO economists agreed that MTMs could be cost savings if appropriately
targeted. This means that the CBO would score future MTM legislation as cost-savings, which presents a real
opportunity to advance policy as Rep. Jim McGovern has introduced legislation to create a large MTM pilot
within Medicare. Scoring the bill as cost savings significantly increases the likelihood that the legislation would
pass. Rep. McGovern also organized a congressional visit to the Tufts University Friedman School of Nutrition
Science and Policy in spring 2022 in which findings from chapter one and chapter three were shared. Dissertation
findings have also been incorporated into letters from the National Produce Prescription Collaborative to the
Biden administration in preparation for the White House Conference on Hunger, Nutrition and Health.

Finally, I was able to build on the research within this dissertation through my work as a writer on the
consensus report compiled by the Task Force on Hunger, Nutrition and Health co-led by Tufts University in
preparation for the White House Conference.'** Recommendations to expand medically tailored meal and produce
prescription access to Americans with diet-related illness made it into the final National Strategy on Hunger,
Nutrition and Health, highlighting the potential for this research to expand in the coming decade, and most
importantly, the potential of such research and policy to improve the health and wellbeing of millions of

Americans.
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