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Abstract: Lifestyle medicine interventions that emphasize healthy behavior changes are growing
in popularity in U.S. health systems. Safety-net healthcare settings that serve low-income and
uninsured populations most at risk for lifestyle-related disease are ideal venues for lifestyle medicine
interventions. Patient-reported outcomes are important indicators of the efficacy of lifestyle medicine
interventions. Past research on patient-reported outcomes of lifestyle medicine interventions has
occurred outside of traditional healthcare care settings. In this study, we aimed to assess patient-
reported outcomes on nutrition knowledge, barriers to adopting a plant-based diet, food and beverage
consumption, lifestyle behaviors, self-rated health, and quality-of-life of participants in a pilot plant-
based lifestyle medicine program in an urban safety-net healthcare system. We surveyed participants
at three time points (baseline, 3 months, 6 months) to measure change over time. After 6 months of
participation in the program, nutrition knowledge increased by 7.2 percentage points, participants
reported an average of 2.4 fewer barriers to adopting a plant-based diet, the score on a modified
healthful plant-based diet index increased by 5.3 points, physical activity increased by 0.7 days per
week while hours of media consumption declined by 0.7 h per day, and the percentage of participants
who reported that their quality of sleep was “good” or “very good” increased by 12.2 percentage
points. Our findings demonstrate that a lifestyle medicine intervention in a safety-net healthcare
setting can achieve significant improvements in patient-reported outcomes. Key lessons for other
lifestyle medicine interventions include using a multidisciplinary team; addressing all pillars of
lifestyle medicine; and the ability for patients to improve knowledge, barriers, skills, and behaviors
with adequate support.

Keywords: plant-based diet; lifestyle medicine; behavior change; lifestyle modification; lifestyle

intervention

1. Introduction

Lifestyle behaviors such as diet, physical activity, sleep, substance use and social
relationships are key modifiable risk factors in the development of chronic diseases [1-3]. As
a medical specialty, lifestyle medicine uses therapeutic lifestyle interventions that focus on
improving lifestyle behaviors as a primary method to treat chronic conditions [4]. Lifestyle
medicine is becoming increasingly popular in the U.S. due to growing recognition of its
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benefits, particularly in terms of cardiometabolic health [4-12]. Such interventions consist
of evidence-based care delivered by trained clinicians with a focus on the pillars of lifestyle
medicine, which include a healthful plant-predominant eating pattern, regular physical
activity, restorative sleep, stress management, positive relationships, and avoidance of
risky substances. Training and board certification in lifestyle medicine are available for
healthcare practitioners to support the promotion of high-quality, evidence-based lifestyle
interventions. Lifestyle medicine has the potential to significantly improve many chronic
conditions, such as coronary heart disease, type 2 diabetes, hypertension, hyperlipidemia,
and nonalcoholic fatty liver disease; in some cases, it can even induce remission of type
2 diabetes [13,14]. For this reason, guidelines from major medical societies emphasize
lifestyle modification as first-line therapy, or a critical component of first-line therapy, for
cardiovascular disease, type 2 diabetes, obesity, and cancer risk reduction [15-21].

Historically, formal lifestyle medicine programs have primarily been offered as part
of employee health, pay-out-of-pocket, or residential programs rather than in traditional
healthcare settings. However, lifestyle medicine is now being offered within healthcare
systems, as evidenced by the growth of the Health Systems Council of the American College
of Lifestyle Medicine [22]. More than 80 major health systems in the U.S. have joined the
Council, signaling their commitment to integrating lifestyle medicine into their patient
services. The increasing growth of lifestyle medicine within health systems is likely driven
by a combination of factors, including patient demand, interest in value-based care, concern
for rising healthcare costs, and recognition that health behavior change is fundamental to
the burden of chronic disease and its complications [4].

As lifestyle medicine proliferates, it is critical that these interventions are accessible to a
wide variety of populations, especially Hispanic and Black individuals, who face the highest
burden of chronic disease including diabetes and hypertension [23]. Black individuals and
those who are low-income also have a higher prevalence of multimorbidity [24]. Safety-net
healthcare settings play a significant role in providing medical care to individuals who are
low-income and are either uninsured or receive Medicaid benefits [25]. In 2021, safety-net
health centers served more than 30 million patients, including one in three people living in
poverty in the U.S. [26]. The patient population served by safety-net health settings also
bears a disproportionate burden of adverse health outcomes, including lifestyle-related
chronic diseases [23]. Integrating lifestyle medicine into safety-net healthcare settings
represents an important opportunity to treat those who face a high risk of lifestyle-related
chronic illness as well as significant structural barriers to making lifestyle changes in the
first place. Arguably, these individuals stand to benefit the most from lifestyle medicine
interventions along with specific measures to address social needs.

Given the strong emphasis on positive behavior change in lifestyle medicine, evalua-
tions of lifestyle medicine programs should prioritize the assessment of proximal patient-
reported outcomes such as knowledge and barriers to change, as well as patient-reported
lifestyle behaviors themselves. In addition, the evaluation of program efficacy by patient-
centered outcomes such as self-rated health and quality of life, instead of a narrow reliance
solely on clinical outcomes, can provide important insights into the impact of lifestyle
medicine on patients’ lives. Previous studies of lifestyle medicine interventions have
demonstrated improvements in self-reported dietary behaviors [12,27-30], physical ac-
tivity [12,30,31], self-rated health/well-being [32-34], and quality-of-life [35]; however,
all of these interventions were set outside the traditional healthcare setting in worksite,
community-based, or research settings while no studies to date have studied the impact of
a lifestyle medicine program implemented in a safety-net setting.

This study builds on previously reported implementation and clinical outcome find-
ings and aims to assess patient-reported outcomes on nutrition knowledge, barriers to
adopting a plant-based diet, food and beverage consumption, lifestyle behaviors, self-
rated health, and quality-of-life for participants in the pilot plant-based lifestyle medicine
(PBLM) program. The pilot PBLM program is a lifestyle medicine intervention set within a
safety-net healthcare setting in New York City with the goal of reducing cardiometabolic
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risk in patients through healthy lifestyle behavior changes. To our knowledge, this is the
first study to publish patient-reported outcomes from a lifestyle medicine intervention
set within a traditional safety-net healthcare setting. Given the recent growth of lifestyle
medicine in U.S. health systems, the findings of this study provide key practice implications
for healthcare practitioners seeking to implement similar interventions within traditional
healthcare settings, and particularly in safety-net settings.

2. Methods

All study procedures were approved by the New York University Grossman School of
Medicine (NYU) IRB (s18-01319) as well as the Office of Research and Administration for
Implementation at NYC Health + Hospitals/Bellevue.

2.1. Intervention

The PBLM program was a one-year pilot clinical program implemented in an adult
primary care setting in a large urban safety-net healthcare system in New York City. Details
of and updates made to the PBLM program have been described in detail elsewhere [36].
In brief, the program was designed to help patients reduce their cardiometabolic risk
through positive lifestyle changes. Adults with type 2 diabetes, prediabetes, heart disease,
high blood pressure, high cholesterol, and/or excess weight (BMI > 25) were eligible
to participate. The goals of the program were to encourage patients to transition to a
healthful plant-based eating pattern, improve sleep, increase physical activity, improve
stress management, increase social connection, and avoid substance use. The provider
team comprised four physicians, one registered dietitian, and one health coach. Each
physician has expertise in plant-based nutrition, as well as their own specialties in medicine
including internal medicine, cardiology, nephrology, and muscular—skeletal disorders. The
registered dietitian is trained in community-focused nutrition and is also a trained chef. The
health coach has certifications in plant-based nutrition, yoga therapy, and personal fitness
training. Participants met individually with providers to set goals and monitor progress.
Group classes supplemented one-on-one visits, emphasizing education, skills building,
and peer-to-peer support. In addition, an exercise trainer offered classes focused on aerobic
and strength training. Resources available to all participants included a plant-based diet
starter guide written by program providers, plant-based cookbook(s), coupons that could
be used to purchase fresh fruits and vegetables at all NYC farmer’s markets, a Healthy
Savings Card for grocery store discounts on fresh produce, and access to a private Facebook
group for social support, resource ideas, and recipe sharing. The frequency and length
of program engagement were jointly determined by the PBLM provider team and each
of the participants. This description of the PBLM program reflects its design at the outset
of the pilot phase. As anticipated, continuous assessments and adjustments were made
throughout the pilot period to adapt to the realities of working within a complex healthcare
setting, as well as to meet the evolving needs of the participants. Significant improvements
in clinical cardiometabolic outcomes, including reductions in weight, hemoglobin Alc, and
diastolic blood pressure, have been previously reported from this pilot program [37].

2.2. Sample

This study makes use of patient-reported data collected as part of the evaluation of
the pilot PBLM program. However, the primary focus of the evaluation was to assess the
feasibility of implementation and demand for the program. Recruitment for the evalua-
tion happened in two phases. First, the coordinating manager told all individuals who
scheduled an initial appointment with the PBLM program about the study and asked for
permission to share their contact information with the NYU evaluation team (n = 173).
The NYU evaluation team then reached out to only those individuals who agreed to be
contacted (1 = 131) to provide additional information and obtain verbal consent. One hun-
dred and eleven individuals (85%) agreed to participate in the evaluation. Subsequently,
109 individuals completed a baseline survey (98%), 93 individuals completed a 3-month
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survey (84%), and 84 individuals completed a 6-month survey (76%). Baseline surveying
began on 29 January 2019 and continued until 30 July 2019. The 3-month assessment oc-
curred between 18 April 2019 and 25 November 2019 and the 6-month data were collected
between 30 July 2019 and 26 February 2020. Surveys were administered telephonically by
trained evaluation staff and took approximately 25 min to complete. Respondents were
given a USD 10 gift card each time a survey was completed to thank them for their time
and effort. The current study utilizes a subsample of survey completers. Participants were
included in this study only if they completed the survey at all three time points and if they
confirmed any level of participation in the PBLM program. Some individuals who initially
registered for the program did not actually join due to various factors including schedule
conflicts or insurance issues. Therefore, 71 individuals were eligible to be part of the sample
for the present study.

2.3. Survey Measures

In the current study, five outcome domains were assessed among participants: (1) nu-
trition knowledge, (2) barriers to adopting a plant-based diet, (3) food and beverage
consumption, (4) lifestyle behaviors, and (5) self-rated health and quality of life.

2.3.1. Nutrition Knowledge

In order to assess knowledge about plant-based diets and nutrition, respondents were
asked to indicate whether each of eight statements was true or false. Questions were
developed de novo by the research team and included items such as “It’s not healthy to
eat a lot of carbohydrates” and “Diets without meat are too low in protein”. These knowledge
questions had only one correct response and were coded as “correct” or “incorrect”. For
analyses, a variable was calculated for the percent correct across the eight knowledge
questions.

2.3.2. Barriers to Adopting a Plant-Based Diet

To assess real or perceived barriers to adopting a plant-based diet, we asked partici-
pants to indicate to what extent they agreed or disagreed with 21 different statements [38].
Examples of statements posed to respondents include “You are not sure how to be healthy on a
plant-based diet” and “You don’t want to change your eating habits or routine”. For analyses, we
dichotomized responses to “strongly disagree/disagree” vs. “agree/strongly agree”. We
then constructed a variable to represent the number of barriers endorsed by a person. The
range of plausible values was between 0 and 21.

2.3.3. Food and Beverage Consumption

Food and beverage consumption was measured using 16 questions about food and
beverages such as “In the last 7 days, how often did you eat vegetables such as lettuce,
spinach, broccoli, cauliflower, carrots, peas, corn, tomatoes?” and “In the last 7 days, how
often did you eat beef, pork or lamb?”. Items were adapted from the PrimeScreen dietary
screening tool [39]. Additionally, the research team developed items de novo. Responses to
all items ranged from “No times during the past 7 days” to “3 or more times per day”. For
analyses, each question was treated as a pseudo-continuous variable and was constructed
such that it represented the average number of times a food or beverage was consumed
per week. Responses were coded as follows: no times at all = 0, 1-3 times during the past
7 days = 2, 4-6 times during the past 7 days = 5, 1 time per day =7, 2 times per day = 14,
3 or more times per day = 21.

To calculate a composite food and beverage consumption score, we created a modified
Healthful Plant Based-Diet Index (hPDI) [5]. We determined that it was necessary to
modify the original hPDI because our survey only collected information on a limited
number of food and beverage items, the time frame was shorter, and the quantification
of consumption was measured differently in our study. Similar to the original hPDI, we
categorized food and beverage consumption items into three groups: healthier plant-based
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foods, less healthy plant-based foods, and animal foods. Healthier plant-based foods
included: whole-grain foods, fruits, vegetables (including potatoes but excluding fried
potatoes/chips), nuts or seeds, and legumes, tofu or tempeh. Plant-based meats and seitan
were excluded, as some forms of these foods may be considered healthy and others less
healthy; the survey instrument did not allow us to categorize. Less healthy plant-based
foods included: refined grain foods, sugar-sweetened beverages (i.e., regular soda, punch,
sports drinks, energy drinks, or sweetened fruit juice), and sweets. Animal foods included:
dairy, eggs, fish or seafood, and meat (including processed meat, beef, pork, lamb, or
chicken). Healthier plant-based foods were coded as follows: no time at all = 0, 1-3 times
during the past 7 days = 1, 4-6 times during the past 7 days = 2, 1 time per day = 3, 2 times
per day = 4, 3 or more times per day = 5. Less healthy plant-based foods and animal
foods were reverse-coded. The food group scores were then summed to create a modified
hPDI score. Higher scores indicated a healthier overall dietary pattern characterized by a
higher intake of healthy plant-based foods and lower intake of less-healthy plant-based
and animal foods.

2.3.4. Lifestyle Behaviors

To measure lifestyle behaviors, we asked respondents to report on their physical
activity, media consumption, and sleep hygiene. Respondents were asked: “In the last
7 days, how many days did you exercise for 30 min or more at a moderate to strenuous intensity
in your free time? Moderate to strenuous intensity would be brisk walking or enough movement
to break a light sweat”. This item was adapted from the Lifestyle Assessment Long Form,
Physician Version [40]. We also included a measure of media consumption as a proxy for
sedentary behavior. Specifically, respondents were asked: “On a typical day, how many hours
do you spend using media for things other than work? Include the time you spend watching TV,
videos or movies, gaming, using social media, or visiting websites” [41]. Viable response options
ranged from 0 to 24. Lastly, three questions measured sleep duration and quality. These
items were adapted from the Pittsburgh Sleep Quality Index [42]. Specifically, respondents
were asked: “During the past month, how many hours of sleep do you get on a week night, that is
Sunday-Thursday?”. This question was repeated to measure weekend sleep. To measure
sleep quality, we asked “During the past month, how would you rate your sleep quality overall?”
using a 4-point Likert scale from were “very good” to “bad”. Response options were
dichotomized to “very good/fairly good” versus “fairly bad /bad”.

2.3.5. Self-Rated Health and Quality-of-Life

Respondents were asked to rate their health on a scale from 0 (very poor health) to
10 (excellent health) [40]. Participants were also asked to rate their quality of life over the
past month using a 5-point Likert scale from “very poor” to “very good” [43]. Response
options were collapsed to “good or very good” versus “fair, poor, very poor”.

Demographic measures collected included gender, age (in years), race/ethnicity, lan-
guage use, education (less than high school, high school, some college, college/more than
college), health insurance (private, public, no insurance, other), marital status (single, mar-
ried /living with a partner, separated/divorced, widowed), number of household residents,
and food security (often we don’t have enough to eat, sometimes we don’t have enough
to eat, we have enough to eat but not always the kinds of good we want, we always have
enough to eat and the kinds of food we want).

2.4. Statistical Analyses

We assessed changes in the study outcomes between the three survey administrations.
For each outcome, we assessed changes from baseline to the 3-month survey, changes
between 3 and 6 months, and changes from baseline to the 6-month follow-up. These tests
were intended to assess immediate/short-term changes in patient-reported outcomes (base-
line to 3 months), retention of changes (3 to 6 months), and longer-term changes (baseline
to 6 months). We performed paired t-tests for continuous variables and McNemar’s tests
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for paired dichotomous variables. All analyses were conducted using Stata/SE version
14.2 [44]. Results were considered statistically significant if they had a p-value less than 0.05.

3. Results

Table 1 shows the demographic characteristics of the PBLM program sample. The
majority of the sample was female (67.6%), participants were on average 55 years old,
a little over one-third of participants (38.6%) identified as White and 31.4% identified
as Black/African American, and the majority spoke only English at home (85.9%). The
majority of participants reported their highest educational attainment was college or
more than college (67.6%), had private insurance (57.1%), and were not experiencing food
insecurity (98.5%). Lastly, the sample mostly comprised individuals who reported being
single or married/living with a partner (43.7% and 40.8%, respectively), and on average,
people lived in a household with two residents.

Table 1. Demographic Characteristics of the PBLM Program Sample (1 = 71).

N Percent or
Mean (SD)

Gender 71
Male 324
Female 67.6
Age 70 55.0 (11.0)
Race and ethnicity 70
American Indian or Alaska Native 1.4
Asian 43
Black or African American 314
Hispanic or Latino 17.1
Native Hawaiian or Other Pacific Islander 0.0
White 38.6
Two or more 43
Other 29
Language use 71
English-only 85.9
Spanish-only 7.0
English and Spanish 4.2
Other language 2.8
Education 71
Less than high school 2.8
High school 5.6
Some college 23.9
College/More than college 67.6
Health insurance 70
Private (employer, someone else’s employer, purchased) 57.1
Public (Medicaid, Medicare) 20.0
No insurance 1.4
Other (other, two or more, military, COBRA) 214
Marital status 71
Single 43.7
Married/living with a partner 40.8
Separated /divorced /widowed 15.5
Number of household residents 71 2.3(1.2)
Food security 71
Often we don’t have enough to eat 0.0
Sometimes we don’t have enough to eat 1.4
We have enough to eat but not always the kinds of food we want 40.8
We always have enough to eat and the kinds of food we want 57.7

Notes: Numbers of responses may vary due to missing data.
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Survey Findings
Table 2 displays changes in participants’ nutrition knowledge, the number of barriers

to adopting a plant-based diet, food and beverage consumption, lifestyle behaviors, self-
rated health, and quality of life over time.

Table 2. Nutrition Knowledge, Barriers to Plant-Based Diet, Food and Beverage Consumption,
Lifestyle Behaviors, Self-Reported Heath, and Quality-of-Life in PBLM Program Sample (1 = 71).

Baseline to 3-to Baseline to
Baseline Fiﬁgai%‘ F?;ﬁg?:i}? 3-Month 6-Month 6-Month
P P Change Change Change
Mean (SD) Mean (SD) Mean (SD)
or Percent or Percent or Percent p-Value p-Value p-Value
Nutrition Knowledge (% correct) 66.4 715 73.6 p =0.005 p=0.176 p =0.001
Barriers to Adopting a Plant-Based _ _
Diet (0-21) 7.2 (3.9) 5.7 (4.3) 4.8 (3.7) p =0.002 p =0.005 p <0.001
Food and Beverage Consumption
per Week
Healthier Plant-Based Foods
Whole grain foods 5.5 (5.8) 8.3 (6.2) 7.1(5.9) p <0.001 p =0.061 p =0.053
Fruits 7.7 (5.9) 11.6 (6.4) 10.2 (6.6) p <0.001 p=0.076 p =0.002
Vegetables 9.3 (6.3) 12.6 (6.3) 11.2 (6.2) p <0.001 p=0.044 p =0.008
Nuts or seeds 4.5 (4.9) 4.7 (4.3) 47 (4.1) p=0.690 p=0.934 p=0.754
Legumes, tofu, and tempeh ! 2.7 (2.6) 3.8(27) 3.9 (2.6) p <0.001 p=0.827 p <0.001
Less Healthy Plant-Based Foods
Refined grain foods 3.8(4.2) 1.9 (2.3) 2.0 (1.7) p < 0.001 p=0.610 p <0.001
Sugar-sweetened beverages 2 0.8 (1.5) 0.6 (1.5) 0.4 (0.8) p=0.183 p=0.316 p=0.011
Sweets 4044 2.6 (2.8) 2.3(24) p =0.009 p=0.495 p =0.002
Animal Foods
Dairy 42(5.2) 1.5(3.3) 1.6 (2.2) p <0.001 p=02871 p <0.001
Eggs 2.4 (3.5) 1.0 (1.6) 0.8 (1.3) p < 0.001 p <0.405 p <0.001
Fish/seafood 1.7 (2.3) 14 (1.9) 1.0 (1.6) p=0.186 p=0.072 p=0.021
Meat 3 4.7 (5.0) 1.9 (3.3) 2.0(2.9) p <0.001 p=0.603 p <0.001
Modified hPDI * 37.8(7.5) 43.9 (6.3) 43.1 (5.6) p <0.001 p=0.125 p <0.001
Lifestyle Behaviors
30 min or more of exercise (days) 2.3 (2.1) 2.9 (2.3) 3.0(24) p=0.017 p=0.824 p =0.036
Media consumption (hours) 3.7 (2.4) 3.2(1.9) 3.0(1.6) p =0.069 p=0.519 p =0.022
Average hours of sleep on _ _ _
a weeknight 6.3 (1.3) 6.4 (1.5) 6.5 (1.3) p=0.373 p=0.494 p =0.058
Average hours of sleep on _ _ _
a weekend night 7.3 (1.9) 6.9 (1.6) 7.0 (1.5) p=0.084 p=0.764 p=0.134
Sleep quality in the last month _ _ _
(fairly good/very good) 54.9 64.8 67.1 p=0.118 p=0.774 p =0.035
Self-rated health (0-10) 5.9(1.9) 6.6 (1.8) 6.5(2.2) p =0.001 p=0.447 p =0.038
Quality of life (good/very good) 53.5 65.7 66.2 p=0.108 p=1.00 p=0.108

Notes: ! Legumes, tofu, and tempeh = number of times legumes, tofu, and tempeh were consumed per week
during previous 7 days. 2 Sugar-sweetened beverages = number of times regular soda or punch/energy
drinks/sweetened fruit drinks were consumed per week during the previous 7 days. > Meat = number of times
red meat/pork, processed meat, and chicken were consumed per week during the previous 7 days. * Modified
hPDI = total score of healthier plant-based foods, less healthy plant-based foods, and animal foods.

Overall, there was a statistically significant increase in participants” nutrition knowl-
edge from baseline to 3-month follow-up (66.4% vs. 71.5%; p = 0.005), and this was
maintained at 6 months (66.4% vs. 73.6%; p = 0.001). The total number of barriers to adopt-
ing a plant-based diet decreased from baseline to 3 months (7.2 vs. 5.7; p = 0.002) continued
to decrease significantly between 3 and 6 months (5.7 vs. 4.8; p = 0.005) and persisted at
6 months (7.2 vs. 4.8; p < 0.001). Out of 21 total barriers, 4 decreased significantly from
baseline to 3 months: not being sure how to be healthy on a plant-based diet (52.9% vs. 29.4%;
p <0.001); not knowing how to prepare plant-based meals (55.1% vs. 29.0%; p < 0.001); not
knowing what to eat on a plant-based diet (53.6% vs. 17.4%; p < 0.001); and not having read or
heard much about a plant-based diet (25.4% vs. 9.9%; p < 0.001) (see Supplementary Table S1).
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Between 3 and 6 months, one barrier, not being sure how to be healthy on a plant-based diet,
continued to decrease significantly (29.4% vs. 13.0%; p = 0.003). In addition to these four
barriers, three additional barriers were statistically different from baseline at 6 months: not
having enough willpower to change to a plant-based diet (26.1% vs. 12.9%; p = 0.031); craving
meat, dairy, or eggs (46.5% vs. 31.0%; p = 0.013); and not knowing anyone who eats a plant-based
diet (43.7% vs. 28.2%; p = 0.035).

Regarding the consumption of healthier plant-based foods, we found a statistically
significant increase in the average number of times participants consumed whole-grain
foods (5.5 vs. 8.3; p < 0.001), fruits (7.7 vs. 11.6; p < 0.001), vegetables (9.3 vs. 12.6; p < 0.001),
as well as legumes, tofu, and tempeh (2.7 vs. 3.8; p < 0.001) per week at 3 months. There
was a statistically significant decrease in vegetable consumption between 3 and 6 months
(12.6 vs. 11.2; p = 0.044) but an overall significant increase from baseline to 6 months
(9.3 vs. 11.2; p = 0.008). Change at 6 months was also significant for the consumption
of fruits (7.7 vs. 10.2; p = 0.002), and legumes, tofu, and tempeh (2.7 vs. 3.9; p < 0.001).
The consumption of less healthy plant-based foods decreased over time. Specifically,
the consumption of refined grain foods decreased significantly from baseline to 3-month
follow-up (3.8 vs. 1.9; p < 0.001) and was maintained at 6 months (3.8 vs. 2.0; p < 0.001).
We also found a significant 6-month reduction in the consumption of sugar-sweetened
beverages (0.8 vs. 0.4; p = 0.011). Additionally, there was a 3-month decrease in participants’
consumption of sweets (4.0 vs. 2.6; p = 0.009) that persisted at 6 months (4.0 vs. 2.3;
p = 0.002). Participants’ consumption of animal foods (i.e., dairy, eggs, and meat) declined
significantly from baseline to 3-month follow-up (dairy: 4.2 vs. 1.5; p < 0.001; eggs:
2.4 vs. 1.0; p < 0.001; meat: 4.7 vs. 1.9; p < 0.001) and was maintained at 6 months (dairy:
42 vs. 1.6; p <0.001; eggs: 2.4 vs. 0.8; p < 0.001; meat: 4.7 vs. 2.0; p < 0.001). We found
statistically significant 6-month reductions in consumption of fish and seafood (1.7 vs. 1.0;
p = 0.021). The modified hPDI score significantly increased from 37.8 to 43.9 (p < 0.001)
between baseline and 3-month follow-up and was maintained at 6 months (37.8 to 43.1;
p < 0.001).

There were some improvements in participants’ lifestyle behaviors such as physical
activity, daily media consumption, and sleep quality. At baseline, PBLM participants
reported engaging in 30 min or more of moderate to strenuous physical activity about
2 days per week. There was an increase in physical activity between baseline and 3 months
(2.3 vs. 2.9; p = 0.017) that was sustained at 6-month follow-up (2.3 vs. 3.0; p = 0.036). Daily
media consumption (watching TV, videos or movies, gaming, using social media, or visiting
websites for things other than work) dropped significantly from baseline to 6 months
(3.7 vs. 3.0 h per day; p = 0.022). At baseline, 55% of participants indicated that they had
“fairly good” or “very good” sleep quality. The percentage of participants increased to about
65% at 3 months, but this immediate change was not statistically significant. Improvement
in sleep quality was observed (54.9% vs. 67.1% “fairly good” or “very good” sleep quality;
p = 0.035) at 6 months.

There was an increase in participants” average self-rated health score (5.9 vs. 6.6 out
of 10; p = 0.001) from baseline to 3 months that was sustained at the 6-month follow-up
(5.9 vs. 6.5; p = 0.038). No statistically significant changes were found in the percentage of
people who reported that their quality of life was “good” or “very good” over time.

4. Discussion

This study aimed to assess patient-reported outcomes related to nutrition knowledge,
barriers to eating a plant-based diet, food and beverage consumption, lifestyle behaviors,
and overall health and quality-of-life from participants of a pilot plant-based lifestyle
medicine program within a traditional safety-net healthcare setting. Our findings show that
participants reported statistically significant and immediate improvements at 3 months,
maintained improvements for the majority of outcomes between 3 and 6 months, and
achieved longer-term improvements, overall, from baseline to 6 months of participation.
Specifically, after 6 months, nutrition knowledge increased, participants reported fewer bar-
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riers to adopting a plant-based diet, the score on a modified healthful plant-based diet index
increased, weekly physical activity increased while daily hours of media consumption
declined, and the percentage of participants who reported their quality of sleep was “good”
or “very good” increased (see Figure 1). Sleep duration and quality of life were the only out-
comes of interest where no change was detected. Our findings are consistent with previous
literature that found improvements in self-reported eating behaviors [12,27-30], physical
activity [12,30,31], and self-rated health/well-being [32-34] through lifestyle medicine
interventions. However, our study is novel because it is the first to show that such im-
provements can be achieved through participation in a lifestyle medicine intervention
within a traditional safety-net healthcare setting. Previous reports have focused on lifestyle
programs in worksite, community, and research settings.

Modified hpDI B 5.3 W

Knowledge t 7.2 pp

Barriers ‘ 24 Nutrition

Self-rated
0.6
health '

Exercise Media
iy Consumption

Hours
0.7
per day ‘

Quality t 12.2 pp

Legend: Modified hPDI= Mean modified healthful plant-based diet index score; Knowledge= Percent correct; Barriers= Mean number of
reported barriers; Self-rated health= Mean rating (0-10); Media consumption= Mean number of hours per day; Sleep= Percent fairly
good/very good quality; Exercise= Mean number of days of 2 30 minutes in last 7 days; pp= Percentage points

Figure 1. Self-reported improvements among the PBLM program sample at 6 months.

Our findings show that participants gained more nutrition knowledge and reported
fewer barriers to eating a plant-based diet after participating in the program. Out of the
seven barriers that declined significantly, three had rather sizeable reductions over time
in the percent of participants endorsing them as barriers: not knowing how to prepare plant-
based meals (34.5 percentage points), not being sure how to be healthy on a plant-based diet
(39.9 percentage points), and rnot knowing what to eat on a plant-based diet (42 percentage
points). This finding suggests that while these barriers were common amongst participants
at baseline, they were thoroughly addressed through knowledge and skills gained through
participation in the PBLM program. Alternatively, there were four barriers that remained
resistant to change over time from baseline to 3 and 6 months: not having enough choice
when eating out (68.6%; 67.1%; 60.0%); too much planning (54.0%; 49.2%; 42.9%); your family
or partner won't eat a plant-based diet (51.7%; 43.1%; 40.4%), and you would have to go food
shopping too often (42.9%; 45.7%; 40.0%). Some of these barriers may be outside of the scope
of the PBLM program (family and partners’ food choice; eating out), while others may
require more attention in future lifestyle medicine interventions in order to overcome them
(planning and food shopping). In addition, there were three items that were rarely cited as
being barriers to adopting a plant-based diet during the baseline, 3-month, and 6-month
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survey administrations: someone else decides on most of the food you eat (11.3%; 4.2; 8.5%); you
don’ like the taste of many of the foods that are the foundation of a plant-based diet (8.7%; 10.1%;
7.1%); and you don’t want to change your eating habits or routine (7.0%; 7.0%; 7.1%.) These
findings suggest that the PBLM participants were autonomous in their food choices, open
to eating plant-based foods, and highly motivated to modify their eating behaviors.

We found a consistent pattern of improvement in reported intake of healthful plant-
based foods, as well as improvement in participants’ overall plant-based diet, as measured
by the modified hPDI composite score. These results align with the strong emphasis the
PBLM program placed on helping participants transition to a healthful plant-based eating
pattern. Participants worked with a physician who validated the health benefits of this
dietary approach, a registered dietitian who provided nutrition education and medical
nutrition therapy tailored to individual needs, and a health coach who provided support
in implementing the recommended nutrition plan in participants’ everyday lives. It is
worth noting that there was a small, but statistically significant, decrease in consumption of
vegetables between the 3-month and 6-month surveys. However, this measure improved
significantly overall from baseline to 6 months of program participation. The small dip in
the consumption of vegetables may be explained by challenges with long-term adherence
to healthy behavior changes. Middleton et al. found that initial responses to lifestyle
interventions are often encouraging but are frequently followed by declines in adherence
over time [45]. Most salient in our findings, however, is the overall positive pattern of
improvement in the consumption of healthy plant-based items individually, as well as
the comprehensive healthy plant-based diet improvement from baseline to 6 months. In
addition, a previous article documented that PBLM program participants experienced
clinical improvements that are closely associated with healthful diet changes including
weight loss, and reductions in HbAlc and blood pressure [37], providing further evidence
of this study’s overall positive findings for healthy diet improvement.

In addition to focusing on dietary changes, the PBLM program emphasized increasing
physical activity among patients. The health coach advised patients on ways to incorporate
more physical activity into their daily lives, and the program offered aerobic and strength
training classes using program-supplied resistance bands. Our findings show that patients
improved their amount of physical activity over time, which is in line with findings
from previous studies evaluating lifestyle medicine programs [12,30,31]. Participants also
significantly reduced their media consumption outside of work activities, which could
suggest less sedentary behavior following their engagement with the program.

We found that the percentage of participants who reported good sleep quality im-
proved significantly over time. Through individual sessions with each of the lifestyle
medicine team members and group classes with the dietitian and health coach, participants
received guidance on enhancing sleep quality and duration. Furthermore, due to the
interconnectedness of lifestyle behaviors, improvement in sleep quality may have been
influenced by the other healthful lifestyle changes participants made. Diet, physical activity,
and sleep are all closely related, and the improvement of one behavior can positively impact
another [46—48]. Interestingly, while we found that sleep quality improved significantly,
we were not able to detect a significant improvement in participants’ sleep duration. Par-
ticipants” average reported sleep duration ranged from 6.3 to 6.5 h during weeknights
and 6.9 to 7.3 h on weekend nights during the three survey periods, falling slightly below
the recommended number of hours of sleep for adults (7-9 h) [49]. Our findings suggest
that improving the sleep duration is challenging through lifestyle medicine intervention.
Sleep health is multifactorial and highly affected by one’s environment and routine [50].
Modern challenges to sleep health include the negative impact of digital screens and the
discrepancy between the body’s circadian rhythm and schedule demands [50].

Importantly, the PBLM program was centered on weight-inclusive principles that
focused on outcomes related to overall health and well-being [51]. The program team
sought to provide non-stigmatizing care to participants by shifting the primary goal from
weight loss to emphasizing incremental, achievable, pleasurable, and sustainable healthful
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behavior changes. Their approach to providing care to individuals with diverse body
sizes aimed to reduce the stigma often experienced by patients in clinical settings that has
been associated with suboptimal healthcare utilization [52]. This study affirms the weight-
inclusive approach by including self-rated health and quality of life as important indicators
of programmatic successes. We found that self-rated health improved significantly, but we
were not able to detect an appreciable change in the quality of life. Our lack of statistically
significant quality-of-life findings may be due to the multidimensional nature of this
construct that encompasses much more than just health and health-related indicators.

Many providers may question their patients” willingness and ability to make dietary
changes [53], especially to a plant-based eating pattern [54]. Our findings support the
feasibility of a plant-based dietary approach as part of a team-based lifestyle medicine
intervention. With education and guidance from the clinical team, patients in this program
reported significantly fewer barriers to adopting a plant-based diet, as well as significant
movement towards a healthful plant-based eating pattern. The program’s private Facebook
page and group classes were designed to promote peer support and facilitate long-term
dietary behavior change. The persistence of participants’ reported dietary changes over
time suggests that participants did not view this approach as a temporary “diet”, but rather
as a lifestyle change that is meant to be sustainable.

Although the program placed primary emphasis on nutrition, in many cases other
pillars of lifestyle change were upstream of patients” ability to make dietary changes. Poor-
quality and/or insufficient sleep, for example, emerged anecdotally as a key barrier to
patients’ ability to change their eating patterns. “Emotional eating” and other challenges in
coping with stress also greatly affected participants’ dietary behaviors. As the program
evolved, the need to place additional focus on the non-nutrition pillars of lifestyle medicine
became evident. A comprehensive approach, addressing all aspects of lifestyle medicine, is
likely foundational to participants’ capacity to optimize health behaviors.

Our study has limitations that should be acknowledged. First, this study relied on self-
reported behaviors, including a brief food screener, that are subject to recall and reporting
biases. While food screeners are a common and relatively easy way of measuring food and
beverage consumption, retrospective questions such as these are cognitively burdensome
and have been found to result in biased estimates [55]. Second, there may be measurement
error associated with our food and beverage screener. The maximum number of times
a respondent was able to report consuming a food or beverage was three times per day;
therefore, potentially underestimating the number of times a food category was consumed.
Third, this study did not measure important pillars of lifestyle medicine including positive
social relationships and stress management that future research should address. Fourth,
this study employed a single sample pre-repeated post-test design. As such, there was
no comparison group and causality cannot be inferred. However, the primary goal of the
larger study was to assess the feasibility of implementation and demand for the program
rather than determining efficacy. Fifth, program participants self-selected into the program,
which may have biased findings either upwards or downwards depending on motivation
and previously adopted health behaviors. Relatedly, the program’s first-come first-serve
enrollment process introduced another important limitation. While over 850 individuals
added their names to a waitlist, those highest on the list were the ones who enrolled during
the pilot phase of the program due to capacity limits. These patients did not fully mirror the
patient population of this safety-net setting, given their high average levels of education,
English proficiency, commercial insurance status, and food security, potentially influencing
reported behavior change outcomes and limiting the generalizability of findings to the
safety-net setting population. It would be important to replicate this study with participants
who are more representative of that population. Notwithstanding these limitations, the
consistent pattern of positive findings demonstrates the potential of the PBLM program in
a safety-net setting.
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5. Conclusions

Lifestyle medicine is a proven approach for improving behaviors that drive car-
diometabolic health, yet it is underutilized within safety-net healthcare settings that serve
patients most at risk for chronic illness. The pilot PBLM program shows promise in improv-
ing patient-reported outcomes, including lifestyle behaviors such as healthful plant-based
eating, physical activity, stress management, and sleep, within a safety-net healthcare
setting. The findings from this study provide important insights for healthcare practitioners
implementing similar lifestyle medicine interventions in healthcare settings, including
the benefits of a multidisciplinary team, addressing all pillars of lifestyle medicine, and
the ability for patients to improve their knowledge, barriers, skills, and behaviors when
given adequate support. Additional studies should employ more rigorous methodologies
including comparison/control groups and longer follow-up periods to further demonstrate
the effectiveness of lifestyle medicine interventions. Declines in behavior adherence over
time are common in lifestyle interventions [45]; therefore, studies with longer follow-up
periods, particularly after participants have “graduated” from programs, are needed to
determine the lasting impact of comprehensive lifestyle medicine interventions.
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