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Abstract

Objectives: The Open Source Wellness (OSW) model was designed to function as a behavioral pharmacy; an
affordable, accessible delivery system for a universal experiential prescription: MOVE (physical activity),
NOURISH (healthy meals), CONNECT (social support), and BE (stress reduction). This study evaluates the
OSW model in a billable group medical visit (GMV) format in a federally qualified health center (FQHC).

Intervention: Patients with behaviorally mediated conditions, including cardiovascular disease, diabetes, and
depression, as well as poor social determinants of health, such as food insecurity, were prescribed participation
in the OSW program by their medical team. Groups met for 2 h each week for 16 weeks to complete 30 min of
socially engaging physical activity, 5 min of mindfulness meditation, a 10-min interactive, didactic health
lesson, a 5-min nutrition lesson, and 60 min of small-group coaching over a plant-based meal. Paraprofessional
health coaches worked with participants in small groups to provide support and create accountability to goals. In
addition, participants received a $10 voucher to Food Farmacy, which provided free produce.

Subjects: The sample consisted of 49 patients from the Hayward Wellness Center, an FQHC in Hayward,
California. They were mostly women, 59.6%, and racially and ethnically diverse: 23.1% African American,
5.8% Asian, 26.9% Hispanic/Latino, 11.5% Pacific Islander, and 32.7% Caucasian. Participants averaged 59.1
years of age (SD = 10.6).

Outcome measures: Blood pressure and weight were recorded weekly. Demographic and acute care utili-
zation data were drawn from the electronic medical record. Self-report questionnaires assessed diet, exercise,
and mood on a monthly basis.

Methods and results: Longitudinal data were analyzed with linear mixed models. Participants (n = 49)
demonstrated significant increases in daily servings of fruits and vegetables, b = 0.31, p < 0.01, and exercise,
b = 11.50, p < 0.01, as well as significant reductions in body mass index, b = -0.10, p = 0.05. Acute care utili-
zation decrease was not statistically significant, b = -0.07, p = 0.14. Depressed patients (n = 11) saw reductions
in depression, b = -1.72, p < 0.01, and hypertensive patients (n = 24) saw reductions in systolic blood pressure,
b = -4.04, p < 0.01, but not diastolic blood pressure, b = 0.04, p = 0.95.

Conclusions: This study demonstrates the effectiveness of the OSW behavioral pharmacy model within a
GMV context; pathways for adaptation, spread/scale, and incorporation of this work as a component of the
broader health ecosystem and national commitment to health equity are discussed.
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Introduction

CAU4 c hronic, progressive, and preventable health condi-
tions such as diabetes, depression, and hypertension are

driving tremendous human suffering and over 85% of health
care spending nationally.1 While the origins of these condi-
tions are multifactorial, all are substantially driven by the
behaviors and experiences that underlie human health and
well-being. Savvy health care providers across clinical spe-
cialties and patient diagnoses are offering a stunningly con-
sistent set of behavioral prescriptions: ‘‘Exercise more! Eat
better! Reduce your stress! Get some social support!’’ Unlike
the national infrastructure for delivery of medications (i.e.,
pharmacies), there is lack of an affordable, accessible, and
experiential delivery system for behaviors and experiences
that drive human health and well-being. For many of the
patients most negatively affected by social determinants of
health (SDOH), well-intended behavioral prescriptions are
essentially a prescription to nowhere, and patients, providers,
emergency departments, and health systems bear the brunt of
this glaring gap in the health ecosystem.

Open Source Wellness Behavioral Pharmacy

The Open Source Wellness (OSW) model was designed
to function as a behavioral pharmacy or an affordable, ac-
cessible delivery system for prescriptions that are behav-
ioral and experiential in nature. The model animates clinical,
community, housing, and corporate settings as a platform for
a universal four-part prescription: MOVE (physical activity),
NOURISH (healthy meals), CONNECT (social support),
and BE (stress reduction). When patients are given behav-
ioral prescriptions, such as exercise more or eat healthier,
this behavioral pharmacy model allows them to experientially
fill those prescriptions through socially engaging physical ac-
tivity, mindfulness meditation, a hearty plant-based snack, and
small-group coaching.

The current study evaluates the effectiveness of clinic-
based group medical visit (GMV) integration of the OSW
behavioral pharmacy model in a federally qualified health
center (FQHC) in Hayward, California. The transdiagnostic
and collaborative approach integrates downstream clinical
care with upstream community-based partnerships to ad-
dress the behaviors (including physical activity, stress re-
duction, and nutrition) and SDOH (including food insecurity
and social isolation) that drive health outcomes.

Physical health, mental health, and the evidence
for behavioral programs

Chronic diseases such as diabetes and cardiovascular
disease (CVD) can cause physical pain, disability, and re-
duced quality of life.2,3 For patients living with a chronic
disease, psychiatric comorbidities such as depression fre-
quently occur. Psychiatric comorbidities complicate treat-
ment by decreasing self-management ability, increasing
medical costs, and reducing life expectancy.3 Even after
controlling for blood pressure, glycated hemoglobin
(HbA1c), lipids, body mass index, aspirin use, tobacco, al-
cohol, living alone, and educational level, comorbid clinical
depression was found to be a risk factor for mortality in
patients with diabetes and cardiac risk.4

In recent years, there has been increased interest in teaching
these patients behavioral self-management techniques due to the
failure of medication alone to sufficiently treat chronic dis-
eases.2,5,6 Providing group-based educational programs for pa-
tients has demonstrated effectiveness across various dimensions
of health: improved pain management, decreased depression,
increased frequency of exercise, and increased relaxation.2,7

Such behavioral programs also reduce health care utilization and
increase patient self-efficacy: patients gain the knowledge and
confidence they need to address health-related issues on their
own in between office visits to their primary care provider.2,6,7

Nutrition and exercise

Nutrition and exercise programs have demonstrated positive
results for patients with chronic diseases. Specifically, patients
with diabetes and CVD have benefitted from achieving de-
creased plasma glucose and weight loss8,9 as well as decreased
overall mortality, decreased disability, and improved quality
of life.10,11 Plant-based (vegan) diets in particular have yielded
reductions in HbA1c, low-density lipoprotein cholesterol, and
weight that were greater than reductions from following the
standard American Diabetes Association nutrition guide-
lines12,13 and have acceptable adherence.14

Stress reduction

Stress reduction interventions have been shown to have
beneficial effects on chronic disease management. A 1-day
health education + acceptance and commitment therapy pro-
gram showed improved HbA1C values 3 months postinter-
vention compared with health education alone.15 Other studies
have shown that participation in a mindfulness program
(MBSR, MBCT, MSC, or other mindfulness meditation in-
tervention) resulted in decreased HbA1c, mean arterial pres-
sure, hypertension, blood norepinephrine, depression, anxiety,
and stress, as well as improved quality of life in patients with
diabetes or cardiac conditions.16–20

Social connection

Poor social relationships have been associated with a 29%
increase in risk of incident coronary heart disease and a 32%
increase in risk of stroke.21 A lack of social connections is
related to decreased happiness and health as well as increased
risk for mortality.22–25 Happiness is negatively correlated with
depression, anxiety, and poor health, but positively correlated
with social support.26 These results suggest that behavioral
strategies that emphasize social connection are an important
addition to patient self-management programs for chronic
diseases.

Group Medical Visits

GMVs are gaining more attention as a primary care in-
tervention as the rate of chronic illnesses increases.27 GMVs
offer an interactive setting with increased access to providers,
patient agency in their health care, and social support.28

Patients engaging in GMVs report increased self-efficacy
and satisfaction with care and quality of life, as well as
improvements in blood pressure, cholesterol, blood glucose,
obesity, and HbA1c.28–30 Increasing patient self-efficacy for
disease management is a particularly important component
for satisfaction and engagement in continued behavior
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change.30 This work has been especially important within
FQHCs for both its economic efficacy and improved patient
outcomes.31–34 More work is needed to understand how to
use GMVs in diverse patient populations for optimal pri-
mary care and behavior change support.

Objectives and hypotheses

The objective of this study was to evaluate the OSW be-
havioral pharmacy model for patients with chronic diseases at
an FQHC. The current study investigates behavioral, physical,
and emotional outcomes of the OSW model using a longitu-
dinal, repeated-measures single-arm design. Participant chan-
ges over time were analyzed in regard to (1) fruit and vegetable
intake, (2) physical activity, (3) depression, (4) blood pressure,
(5) body mass index (BMI), and (6) acute care utilization. It
was hypothesized that participants would have increased fruit
and vegetable intake and physical activity as well as decreased
depressive symptoms, blood pressure, BMI, and acute care
utilization following program completion.

Materials and Methods

Participants

The sample consisted of 49 patients from the Hayward
Wellness Center (HWC), an FQHC in Hayward, California.
HWC is part of the Alameda Health System. The providers
from this system referred their patients to a weekly health
and wellness GMV run by OSW and HWC staff. English-
speaking adult patients were referred to the GMV for a wide
variety of behaviorally mediated clinical concerns, such as
diabetes, prediabetes, cardiac disease, hypertension, dysli-
pidemia, obesity, anxiety, and depression. Patients were also
referred if they screened positive for food insecurity, as
assessed by HWC staff, based on the broad literature linking
food insecurity with chronic disease.35 Exclusion criteria
included acute suicidality and inability to participate ap-
propriately in a group setting, both determined by the re-
ferring provider. There were no other inclusion or exclusion
criteria. This evaluation was approved by the Alameda
Health System Institutional Review Board.

Measures

Data were gathered through a combination of biomarkers,
the electronic medical record (EMR), and self-report ques-
tionnaires. Blood pressure and weight were recorded weekly
by HWC staff at the beginning of the GMV on a Welch
Allyn Vital Signs Monitor 6000 series and Health O Meter
Professional, model 600KL, respectively. Demographic data
(i.e., race and ethnicity, age, and gender), medication data
(i.e., changes to antidepressant and antihypertensive medi-
cations), and acute care utilization were drawn from the
EMR. Acute care utilization consisted of emergency de-
partment visits and unplanned hospitalizations. The authors
examined the number of emergency department visits or
days spent in the hospital for 6 months before participants
joined the group compared with the 6 months following
their graduation from the group. Self-report questionnaires
were used to assess diet, exercise, and mood, as follows.

Two-item Food Frequency Questionnaire. This ques-
tionnaire asks participants how many servings of fruits and

vegetables they have eaten in the past week.36 It has been
validated against longer measures of food intake.37

Exercise vital sign. This two-item questionnaire assesses
the number of minutes of moderate or vigorous activity
engaged in per week.38 It has been found to have good face
and discriminant validity and is more conservative than
population-based surveys, potentially reflecting decreased
response bias.38

Patient Health Questionnaire-9. The Patient Health
Questionnaire-9 (PHQ-9) is the most widely used assess-
ment of depression and shows excellent sensitivity and
specificity when compared with structured clinical assess-
ments.39 The PHQ-9 is a reliable and valid measure of both
depression and depression severity, demonstrating good
internal consistency (a = 0.83–0.92), convergent and dis-
criminant validity, and responsiveness to change.39–41

Procedures

As described above, the OSW behavioral pharmacy model
is an experiential, accessible, socially rewarding delivery
system for fundamental and transdiagnostic behavioral pre-
scriptions: MOVE, NOURISH, CONNECT, and BE ( b F1Fig. 1).

Patients were referred to the OSW behavioral pharmacy
GMV by HWC staff members, including their primary care
providers, dietitians, clinical pharmacists, social workers,
and medical assistants. Participants joined 4-month cohorts,
with a total of 16 weekly 2-h meetings on Thursday after-
noons. New participants began a cohort the first week of
each month, allowing for overlap between naı̈ve and expe-
rienced participants to facilitate building a group culture.

Groups met weekly and consisted of the following
structure: 30 min of socially engaging physical activity ac-
commodating various mobility levels, 5 min of mindfulness
meditation, a 10-min interactive didactic lesson on varied
health topics, a 5-min nutrition lesson, a hearty plant-based
snack, and 60 min of small-group coaching.

The mindfulness meditations were led by health coaches
and covered a wide variety of practices, including focus on
breathing, gratitude, progressive muscle relaxation, and
walking meditations. The meals were plant based both be-
cause of the data demonstrating health benefits (e.g., eating a
plant-based diet led to greater improvements in diabetes than
following the American Diabetes Association dietary guide-
lines14) and simplified dietary concerns. Whether participants
were vegetarian, vegan, kosher, or halal, etc., a vegan diet
would work for them. However, participants were not in-
structed to follow a specific diet. Instead, general dietary
principles (i.e., increasing vegetable consumption and de-
creasing sugar intake) were discussed and applied. Partici-
pants were encouraged and coached to make individual
dietary adjustments in ways that were culturally relevant and
paced appropriately to their level of motivation and focus on
diet. For example, one participant’s goal was to change from
triple cheeseburgers for lunch to double cheeseburgers, a goal
which was supported and applauded. The interactive didactics
covered a range of health and well-being topics, including
eating healthy on a budget, turning exercise into play, self-
care, boundary setting, and habit change. Coaches were in-
ternally credentialed and underwent ongoing training and
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weekly supervision. The small-group health coaching ex-
panded on the didactic topic of the day and focused on habit
change, motivational interviewing, and social support. A peer
leader who had completed his/her own 4-month cohort, ap-
plied for, and been accepted to the peer leadership program
assisted with supportive coaching as well. Each week, at the
end of the small group, participants would write their per-
sonal behavioral prescription, describing the behavior change
they sought to make that week (e.g., drink one bottle of water
instead of one can of soda per day, walk 30 min four times
this week, and set a personal boundary in a challenging re-
lationship).AU5 c Coaches engaged small groups through text
messages in between weekly meetings to provide continuity,
support, and accountability. Last, a nurse practitioner was
part of the group, seeing participants individually throughout
the group as well as interacting within the group setting. This
allowed for more frequent (weekly vs. every 6 months)
medication checks and refills, immunizations, and interdis-
ciplinary team referrals, etc. It was also meant to increase
patients’ sense of self-accountability toward self-prescribed
goals and how they related to their clinical outcomes.

Patients were also given a produce prescription voucher at
the end of each weekly session. These produce prescriptions

allowed purchase of $10 worth of produce at the Food
Farmacy, a farm stand located within the clinic’s lobby. This
amplified the dose effect of the model by increasing weekly
access to vegetables at no cost to the patients. Furthermore,
the nutrition lesson incorporated the vegetables available at
the Food Farmacy to increase patients’ familiarity of taste
and confidence in cooking those vegetables at home.

Questionnaire data were collected monthly at the begin-
ning of group sessions by participant self-report. Blood
pressure and weight were taken weekly by b AU6MAs. There was
no control group for this open evaluation.

Data analysis

Descriptive data are summarized with means and standard
deviations, if continuous, or counts and percentages, if
categorical. Age is summarized using mean and standard
deviation. Race, ethnicity, and gender are summarized using
counts and percentages.

Analysis of longitudinal data presents unique challenges
and opportunities not faced in the analysis of cross-sectional
data. While additional measurement points offer more nu-
anced data, allowing for the clear tracking of change over

FIG. 1.AU12 c Open Source Wellness
group medical visit patient flow.
EMR, electronic medical record;

AU13 c GAD-7; PHQ-9, Patient Health
Questionnaire-9.
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time, they also violate assumptions of independence of er-
rors, requiring specialized analyses.

Linear mixed models (LMM) were used to account for the
longitudinal nature of data as well as to make full use of all
available data. This is a particularly strong advantage as
listwise deletion of participants’ missing data not only
dramatically reduces power but also biases parameter esti-
mates.42 Intercepts for subjects were specified as random
effects, allowing for evaluation of the outcome of interest at
each assessment point (e.g., blood pressure at pretest and 1,
2, 3, and 4 months) with participants treated as independent.
Fixed effects were specified for the outcome variable of
interest (i.e., diet, exercise, blood pressure, depression, BMI,
and acute care) as well as potential covariates (i.e., gender
and minority status, as well as medication changes when
assessing blood pressure and depression).

While full group outcomes are reported for completeness,
hypertension and depression outcomes were also exam-
ined within subgroups. Because participant diagnoses varied
widely, many participants were not expected to show changes
in both domains (e.g., a participant with hypertension, but
normal mood). The hypertensive subset included participants
with systolic blood pressure over 130 mmHg at baseline. The
depressed subset included participants with a PHQ-9 score of
10 or higher at baseline. In each case, these indicate clinically
concerning levels.39,43 Baseline characteristics were com-
pared between subgroups using chi-square tests for categori-
cal variables and two-sample t-tests for continuous variables.
Data were analyzed with R, version 3.3,44 and R Commander,
version 2.3.45 LMM were estimated using the lme4 pack-
age,46 and p-values were estimated using the lmerTest
package.47 The alpha level was set at p < 0.05. The authors
included data for participants who completed questionnaires
at least 2 months after their intake, with 2 months constituting
a minimum dose.

Results

Participants

Of the 130 participants who were referred, 49 attended for
at least 2 months and filled out questionnaires at least 2
months after their intake. Women constituted the larger
proportion of the sample (59.6%). Racially and ethnically
the sample was diverse: 23.1% African American, 5.8%
Asian, 26.9% Hispanic/Latino, 11.5% Pacific Islander, and
32.7% Caucasian. Participants averaged 59.1 years of age
(SD = 10.6; seeT1 c Table 1). Weekly group size ranged from 8
to 31 participants, with an average group size of 17.5
(SD = 5.5) participants. Reasons for participants not begin-
ning or continuing the group included time conflicts with
work or childcare, preferences for one-on-one appointments,
and inability to commit to weekly groups.

Full group outcomes

Examining the full-group data, n = 49, participants dem-
onstrated a significant increase in daily servings of fruits and
vegetables, b = 0.31, p < 0.01, as well as exercise, b = 11.50,
p < 0.01. They also saw reductions in depression, b = -0.50,
p < 0.01, systolic blood pressure, b = -1.68, p = 0.03, and
BMI, b = -0.10, p = 0.05. Changes in diastolic blood pres-
sure and acute care utilization were not significant, b = 0.09,

p = 0.85, and b = -0.07, p = 0.14, respectively, likely due to
floor effects. Neither variable was elevated at baseline.
Overall acute care utilization decreased by 77%, from 22

b AU7ED visits/days of unplanned hospitalizations for the entire
group in the 6 months before joining the group to five visits
in the 6 months following group completion. See b T2Table 2 for
estimated marginal means of outcome variables at each time
point.

Subgroup outcomes

There were 11 (22.5%) participants in the depressed
subgroup (PHQ-9 ‡ 10), 24 (49.0%) in the hypertensive
subgroup (systolic blood pressure ‡130), and six (12.2%)
participants in both subgroups. Participants did not differ on
race or age by subgroup (hypertensive subgroup: w2 (4) =
2.25, p = 0.69, t(71) = 0.07, p = 0.94; depressed subgroup: w2

(4) = 2.79, p = 0.59, t(58) = 0.05, p = 0.95, respectively).
While gender did not significantly differ by either subgroup
(hypertensive: w2 (1) = 3.14, p = 0.08; depressed: w2 (1) = 0.36,
p = 0.55), it is noteworthy that the effect size in the hyperten-
sive subgroup, for this relatively small sample, was large,
d = 0.78.

When examining the depressed subgroup, n = 11, partic-
ipants showed a significant decrease in depression, b =
-1.72, p < 0.01. When examining the hypertensive sub-
group, n = 24, participants showed a significant decrease in
systolic blood pressure, b = -4.04, p < 0.01, but not diastolic
blood pressure, b = 0.04, p = 0.95.

Discussion

Principal findings

This study assessed a behavioral pharmacy model for
patients with chronic conditions. In a group-based inter-
vention over the course of 4 months, patients learned and
practiced health behaviors related to nutrition, exercise,
stress management, and social support. Outcomes include
significant changes in health behavior related to nutrition

Table 1. Participant Demographics (n = 49)

Demographics

Race/ethnicity
Full group,

n (%)
Hypertensive,

n (%)
Depressed,

n (%)

African American 12 (24.5) 6 (25.0) 4 (36.4)
Asian 3 (6.1) 0 (0.0) 1 (9.1)
Hispanic/Latinx 14 (28.6) 6 (25.0) 4 (36.4)
Pacific Islander 6 (12.2) 3 (12.5) 0 (0.0)
Caucasian 14 (28.6) 9 (37.5) 2 (18.2)
Total 49 (100) 24 (100) 11 (100)
Gender

Male 18 (36.7) 13 (54.2) 5 (45.5)
Female 31 (63.3) 11 (45.8) 6 (54.6)
Transgender 0 (0) 0 (0) 0 (0)
Total 49 (100) 24 (100) 11 (100)

Mean (SD) Mean (SD) Mean (SD)

Age, years 59.1 (10.6) 59.7 (11.6) 58.5 (10.6)
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and exercise and significant decreases in systolic blood
pressure for patients with hypertension, in depressive
symptoms in depressed patients, and in BMI for the full
group. This was true even after accounting for changes in
antihypertensive and antidepressant medications. Con-
sistent with previous research on GMVs, the OSW model
offered an interactive setting with increased access to
providers, patient agency in their health care, and social
support.28 Patients engaging in the OSW model likewise
reported improvements in blood pressure and obesity,28,29

as well as additional improvements in nutrition, exercise,
and mood.

Strengths and limitations

There are several limitations to this research, primar-
ily concerning study design. Foremost, this was a non-
randomized, uncontrolled single-arm design. Without a
control group for comparison, it is possible that participant
health changes were related to factors other than the inter-
vention. Further investigation is needed, preferably using a
randomized design, to determine other potential effects of
the model, effect sizes, and the ability to produce sustained
changes after program completion. Second, due to signifi-
cant barriers faced by the patient population (e.g., financial,
medical, and interpersonal), a number of patients were lost
to follow-up.

A noteworthy strength of the study is its diversity of
participants, including individuals from African American,
Asian, Hispanic/Latino, and Pacific Island backgrounds.
Only 32.7% of participants were Caucasian, and 59.6% were
women. Given the diversity of the sample, future studies of
the OSW model might investigate ways in which demo-
graphic variables moderate program adherence and inter-
vention effects. The use of LMM is also a clear strength,
allowing full use of longitudinal data.

One final strength of this study is that it occurred in an
FQHC, a safety-net system serving predominantly Medicaid
patients and the uninsured, who often have the heaviest
burden of disease and face many challenging SDOH. The
study had few exclusion criteria and falls strongly on the
effectiveness side of the effectiveness/efficacy continuum,
increasing external validity and generalizability.

Conclusions

Although more research is clearly indicated, the impli-
cations of this early validation are significant. First, this
work represents a major advance in integration across the
clinic–community continuum, with an integrated partnership
between a clinical team and a community-based organiza-
tion to meet complex patient needs. Within the primary care
clinic, the GMV model is a natural application of the be-
havioral pharmacy, allowing for frequent patient–provider
interactions with increased access to care, efficient use of
provider time, and an effective billing strategy that is
adaptable to fee-for-service or capitated value-based care
settings.48 Utilizing community partners to radically amplify
the effectiveness of a single clinical provider, while ani-
mating the clinic as a true generator of health, uplifts the
transformative potential of GMVs and the patient-centered
medical home.49

Implications

Success in codifying, adapting, and spreading this meth-
odology represents a substantial contribution to the national
commitment to health equity. While acute clinical care will
remain necessary, as is future-oriented work on upstream
SDOH, the OSW model has the potential to serve as a wedge
between disadvantageous SDOH and the corresponding,
predictable, negative health outcomes. While employment,
transportation, housing, and education cannot be secured for
every individual, the most proximal and low-hanging drivers
of health and well-being can be potentiated and facilitated.

The current study assessed the clinically integrated OSW
model with seamless referral (prescription) and fulfillment
of the indicated treatment. However, for many patients, this
is the first component of a complete step-down arc within
the broader OSW community, which culminates in an en-
tirely peer-led, ongoing maintenance program, currently
fully operational. The opportunity at hand is to refine,
spread, and radically open source a model for animating
clinical and community contexts as platforms for health and
well-being such that the treatment, prevention, and man-
agement of chronic disease draw not on the overtaxed and
often suboptimally effective clinical systems, but rather on
the abundant human capital in communities. This affords the
opportunity to leverage shared and divergent capacities and
work in partnership to create clinical and community cul-
tures of health and well-being for all.
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