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Abstract
Behavioral health and economics rely on understanding underlying mechanisms of
action. Drawing from a randomized controlled trial (RCT) conducted among low-income
Jordanians and Palestinian refugee communities, this study investigates how individ-
ual motivations affect collective actions in a behavioral weight loss program within social
networks. Participants were randomly assigned to one of three trial arms: Full Micro-
clinic Social Network Intervention (MCP) with curriculum-activated and organic social
network interactions; Basic MCP educational sessions with organic social network inter-
actions; or Controls receiving standard care along with active and parallel monitoring.
Analysis of the RCT data strongly indicates that behavioral change is repeatedly driven
by a “Leader Domino Effect” rather than an average peer pressure. The estimated net
leader domino effect for Full and Basic MCP, relative to the control group, is weight loss
of 0.207 kg per two weeks (95% CI: 0.103 to 0.311) and 0.123 kg per two weeks (95%
CI: 0.006 to 0.241), respectively, on subsequent weight loss. No effects were found for
average classroom weight loss on subsequent weight loss. Findings indicate leadership
influences exceed average group effects in understanding collective behavioral health
and its implications for addressing societal challenges.

Author summary
Understanding what drives collective behavior is essential for improving health out-
comes and informing policy. This study investigates the impact of individual influence
on group behavior in a community-based weight loss intervention. Drawing from a
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randomized controlled trial in low-income Jordanian and Palestinian refugee commu-
nities, participants were assigned to one of three groups: a Full Microclinic Program
(MCP) with structured social network interactions, a Basic MCP with only educational
sessions and organic peer engagement, or a Control group receiving standard care. By
analyzing weight change over time, we found that behavior change was not driven by
average group influence but by a distinct “Leader Domino Effect”—where one influential
individual’s progress triggers a cascade of change in others. Participants in both Full and
Basic MCP arms lost significantly more weight when exposed to leader-driven influence
compared to controls. In contrast, average classroom weight loss had no measurable
effect on individual outcomes. These findings suggest that harnessing natural leadership
within social networks may be more effective than relying on general peer pressure,
offering new directions for behavioral health interventions in resource-constrained
settings.

1. Introduction
From gentrification to crime and from obesity to smoking, the relationship between micro
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motives and macro behaviors are fundamental to solving major social dilemmas. As Thomas
Schelling [1] argued, such relationships constitute complex systems, involving a multiplicity
of causal mechanisms. The Standing Ovation Problem [2] that eventuated from his work is
one example that elucidates complex psychological, spatial and temporal dynamics underly-
ing seemingly mundane collective behavior: what causes a room to stand in ovation?

Of vital importance are the following questions: 1) When do agents engage? 2) Where do
they engage? 3) Why do they engage? 4) How do they engage? 4) What is the engagement
effect and 5) In what sequence does the effect take hold? After the COVID-19 pandemic
emerged, the relevance of these questions became all too well-understood both by epidemi-
ologists and the general public. By contrast, they are not at all well understood concerning
“non-communicable” disease (NCD) pandemics that are expected to cost $47 trillion by 2050
[2,3]. In developing countries like Jordan, these trends pose even graver threats than they do
in developed countries.

As is suggested by the term “non-communicable,” NCDs are categorized largely accord-
ing to biological, rather than sociological mechanisms, regardless of epidemic potential. The
fact that roughly nine out of ten cases of type-2 diabetes are preventable through dietary and
lifestyle modification, demonstrates the need to highlight sociological epidemic mechanisms
so that corresponding sociological public health interventions can be deployed.

In 2007, Christakis and Fowler [4] addressed this neglected area of research, arguing that
obesity may spread through social ties, extending to three degrees of separation. Unlike their
work on cooperative behavior [5], this study was observational, preventing the disentangle-
ment of key phenomena: induction (causation) versus homophily (reverse causation) versus
confounding (genetic, temporal). As argued by Lyons [6], the statistical analysis conducted by
Christakis and Fowler may be flawed and might not support the claimed conclusion. In par-
ticular, the models used in the analysis and the methods for model estimation raise questions.
The statistical significance tests conducted on these estimates may not demonstrate the pro-
posed differences. In a related study, Leahey et al. [7] found evidence suggesting that weight-
loss motivation can spread among the social networks of overweight and obese young adults
attempting to lose weight.

However, a crucial limitation of these studies is that they do not address the reverse ques-
tion: can social network dynamics be leveraged to promote healthy behaviors? In a study
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analyzing the online activity and weight changes of members in an online weight manage-
ment system [8], individuals with higher social embeddedness within the network were found
to experience greater weight loss. The finding was derived from an observational study and is
therefore subject to similar limitations as the work by [4].

These questions have recently been addressed by several experiments, quasi-experiments
and observational studies performed by this group. Targeting infectious and non-infectious
diseases in vastly different geographical, economic, and cultural contexts (Appalachia-
Kentucky, Jordan, and Kenya), we have identified key causal pathways activated by the Micro-
clinic Social Network Program that are associated with disease prevention and manage-
ment. The intervention improved social support, increased disclosure, and reduced stigma
for HIV/AIDS [9]. It improved dietary and physical activity behaviors as well as weight loss,
HbA1c, and blood pressure for diabetes, obesity, and cardiovascular disease [10–12]. Impor-
tantly, these studies controlled for homophily and confounding through randomization.

Questions still remain, however, concerning the temporal dimensions of behavior change:
do social networks cause weight improvements to happen in parallel; or do they, like coop-
erative behaviors [5], cascade through social networks? In this paper, we present, for the
first time, evidence from a randomized trial conducted among low income Jordanians and
Palestinian refugees to investigate the cascading mechanisms of social network induction on
weight loss. We call these the “Follow-the-leader domino effect” and “Average peer effect”.

2. Methods
2.1. Study design
We conducted this trial (US Clinical Trials Registry Number: NCT01596244) in collaboration
with Queen Rania’s Royal Health Awareness Society and the Jordanian Ministry of Health
(MoH). A three-arm randomized controlled trial was conducted to test the impact of a 6-
month Microclinic Social Network Intervention (MCP) on diabetes management behavioral
risk factors, and weight and metabolic outcomes in Amman, Jordan. The MCP was designed
as a sort of game to activate forces of competition and cooperation through a process we call
“Managed Coopetition”. Social clusters dubbed “Microclinics” consisted of 2-6 individu-
als and participated with other social clusters in broader classroom, physical activity, health
education and social activity sessions managed by health-educators. Individual members
cooperated with and competed with others as they pursued the ultimate payoff - weight loss.

Participants were recruited through the MoH care centers using a combination of commu-
nity outreach campaigns and health center patient recruitment between October 2011 and
May 2013. Men and women 18 years or older were eligible to participate in the study if they
had been previously diagnosed with diabetes, were diagnosed with diabetes or pre-diabetes
during recruitment, or were at risk of diabetes. Diabetes and pre-diabetes were confirmed
with a fasting plasma glucose (FPG) test at recruitment, using criteria of 100-125 mg/dL for
pre-diabetes, and 126 mg/dL or higher for diabetes. Risk of diabetes was defined as having a
history of diabetes in close family members AND being overweight/obese, or as having a fam-
ily history of diabetes AND having either high BP or high serum cholesterol. Pregnant and/or
severely ill participants were not eligible.

2.2. Randomization
Randomization in this study was stratified based on two factors: the study center, with three
different centers in total, and the study cohort waves, of which there were up to four. This
stratification led to the creation of a total of nine study center-cohorts.
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The term “units” refers to two categories of individuals who participated in the study
screenings. The first category includes individuals who attended the screenings alone. The
second category consists of multiple individuals who attended the screenings together, often
comprising family members and friends. The majority of participants fell into the second cat-
egory. Units in the second category were randomized together, meaning that they were col-
lectively assigned to one of the three arms of the study. This assignment occurred regardless
of whether the individuals within these units attended the screenings as singles or as part of a
group. All randomized units, regardless of whether they attended screenings alone or as part
of a group, met the inclusion criteria for the study.

We employed a randomization process to assign units to different classrooms, each of
which received one of three distinct interventions. These classrooms were essentially stable
groups of participants who interacted together on a weekly basis throughout the intervention
period, based on their assigned randomized arm.

The majority of units randomized into any of the three arms consisted of groups of indi-
viduals who initially attended the screenings as friends and family before the randomiza-
tion process. After randomization, we referred to these social groups as “Microclinics.” Some
units were initially solo individuals across all three arms. In the Full MCP Intervention Arm
(Arm A), solo individuals were actively encouraged to form Microclinics with other units
after randomization. These Microclinics, whether composed of pre-existing groups of friends
and family or formed after randomization, functioned as friendship circles within the same
classroom, fostering interaction and mutual support among participants. In contrast, in the
Basic MCP Intervention (Arm B) and the Control (Arm C), initially solo individuals were not
encouraged to form Microclinics post randomization.

Furthermore, in the Full MCP program, ancillary support from adjunct non-trial indi-
viduals who were not part of the initial randomization process were allowed to support
the Full MCP participants. These individuals participated in the educational programs in
a supportive role alongside the original participants (nodes) as friends or family members
post-randomization. These supporting individuals attended and engaged in Arm A pro-
gram activities and were referred to as “secondaries”, forming part of social circles known
as “Expanded Microclinics”. To maintain the integrity of the trial’s randomization, only the
initially recruited nodes were included in our randomized trial analysis, meaning data from
secondaries were excluded.

Microclinics, regardless of the arm, typically consisted of 2 to 6 individuals. These Micro-
clinic groups were nested within MCP classrooms, which, in turn, could comprise up to 26
individuals. These classrooms were further organized within 3 community centers, and all of
these were part of 4 temporal cohorts. A flow diagram illustrating the randomization process
is provided in S1 Fig.

2.3. Study intervention
A “Microclinic” refers to a social infrastructure rather than a physical structure. These are
groups of friends and family who collectively transform private spaces into health-focused
environments. Within Microclinic groups, participants influence each other positively to
adopt healthier behaviors, such as maintaining a healthy diet, engaging in regular physi-
cal activity, monitoring their health, and adhering to prescribed medications. The educa-
tional content of the MCP is encapsulated by the “4 M’s”: Meals, Movement, Monitoring, and
Medication.
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The primary MCP interventions were delivered over a period of 6 months (equivalent to 28
weeks), involving 14 program sessions for Arms A and B, or 14 concurrent check-in appoint-
ments for Arm C. These sessions or appointments were scheduled in parallel across the differ-
ent arms, with the first intervention cohort commencing in January 2012. Follow-up data was
collected post-intervention, approximately 2 years later, spanning data collected between 21 to
28 months (with a median of 24 months) from the baseline.

• Intervention Arm A: Participants in this arm received the Full MCP educational pro-
gram. Additionally, they actively engaged in small Microclinic groups, completing behav-
ior change assignments both within and outside classrooms. Before each class, Arm A
participants were taught a social network-based theory of change emphasizing the influ-
ence of behaviors within communities and the potential for self-improvement as well as
community-level change.

• Intervention Arm B: This arm consisted of the Basic MCP intervention, with participants
receiving the same educational content as Arm A. While many participants in this arm
knew each other socially or were connected through their wider neighborhood, formal
Microclinic group activities were not assigned. Classroom discussions were also not initi-
ated by facilitators but were self-initiated by participants. The key distinction here was that
social interaction occurred more organically.

• Intervention Arm C (Control Group): Participants in this arm did not attend any classes.
However, they had individual appointments scheduled on weekdays, coinciding with
the matching week of concurrently run Arm A and B classroom programs. During these
appointments, participants collected their biometric data and underwent lab measurements
without any additional interactions or programming.

A detailed curriculum for Intervention Arms A and B is provided in the S1 Text. Specifically,
the curriculum covers topics such as Diabetes Overview, Monitoring Hypo/Hyperglycemia,
Nutrition for Diabetic Individuals, a Nutritionist-led Vegetable Variety Cooking Class, Dia-
betes Complications, Physical Activity, and more. A key distinction between Arms A and B is
that social interactions among participants were structured and directed in Arm A, whereas
they occurred organically in Arm B.

As part of the program, food was provided to participants, who also received instruction
on preparing nutritious, cost-effective meals. They were encouraged to engage in collaborative
cooking outside the program setting. Fortunately, the local cuisine represents a variation of
the healthy Mediterranean diet, which is heavy on beans (hummus, fava), olive oil, fresh fruit
and vegetables. This dietary pattern remains relatively affordable compared to red meat and
fast food options.

A unique aspect of the intervention, which distinguishes it from other social network
interventions, involved the sharing of clinical outcomes among participants during each of the
14 sessions in Arm A and B [13]. During these sessions, participants within the same MCP
classrooms were encouraged to share their weight change progress between sessions. Special
recognition was awarded to the individual who achieved the greatest weight loss in each ses-
sion. Participants who achieved the greatest weight loss were publicly recognized during class
sessions, with the amount of weight loss explicitly announced, thereby making their accom-
plishments highly visible to the entire class. This unique aspect enables a formal statistical
examination of whether and to what extent the magnitude of a leader’s weight loss affects the
other individuals within the same MCP classroom.

Additionally, it is reasonable to expect that an individual’s weight loss may be influenced by
the overall weight loss within their class. Although the average weight loss per class between
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sessions was not formally disclosed, participants were encouraged to share their progress with
one another, suggesting they had some awareness of the group’s average weight loss. Com-
bined with the fact that special recognition was awarded to the individual with the greatest
weight loss, this allows for a statistical examination of both the impact of the leader’s weight
loss and the class’s average weight loss on individual outcomes.

We illustrate the Leader domino effect and the peer average effect through visualizations.
Fig 1 demonstrates the Leader domino effect, while Fig 2 depicts the peer average effect.
Fig 3 and Fig 4 present both effects for Intervention Arm A and its corresponding control,
respectively. Similarly, Fig 5 and Fig 6 illustrate both effects for Intervention Arm B and its
control.

2.4. Sample size
Randomization of individuals was allocated with the ratio of 3:1:1, with resulting group sizes
of n=540, 186, and 188 in arms A, B, and C, respectively.

2.5. Data collection
Clinical data was collected by trained nurses/study personnel at MoH centers. We collected
data on clinical measures (height, weight, waist circumference, BP, HbA1c, and FBG), health
knowledge, behavior, and demographic data (including survey questions on diabetes/obesity
knowledge, healthcare access, exercise/dietary habits, and education status). Survey and social
network data were collected via paper-based surveys, administered by nurses/coordinators.

Fig 1. Illustrates the Leader domino effect.

https://doi.org/10.1371/journal.pcsy.0000052.g001
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Fig 2. Depicts the peer average effect.

https://doi.org/10.1371/journal.pcsy.0000052.g002

Participants were required to fast before their appointment. Height was measured using a hos-
pital and home scale with height meter; weight was measured using Health Scale SVR160.
Fasting Plasma glucose was measured via finger prick using AccuCheck-Performa. Digital
readings on this device converted blood glucose concentrations to plasma glucose concen-
trations, conforming to international reporting standards. Omron and A&D blood pressure
cuffs were used to measure blood pressure; both types measured systolic blood pressure (SBP)
and diastolic blood pressure (DBP) three consecutive times; mean arterial pressure was cal-
culated using the clinical formula MAP = (SBP+ (2×DBP))/3. HbA1c levels were tested at
MoH Lab Centers via High Performance Liquid Chromatography (HPLC). Laboratory anal-
ysis for HbA1c was masked, meaning technicians were not aware which treatment group the
samples came from. No masking took place for other outcome measurements. Information on
interpersonal relationships among participants was also collected, covering various types such
as spouses, family members, relatives, friends, and acquaintances.

2.6. Statistical analysis
We investigate the presence of a cascading mechanism of social network influence on weight
loss using a multilevel mixed effects modelling framework. A fundamental premise in our
model is that the weight loss of individuals is influenced by the weight loss of other indi-
viduals within the same class. Specifically, our hypothesis posits that the weight change of
individuals could be influenced by the class leader, referring to the person who achieves the
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Fig 3. Presents both Leader domino effect and peer average effect for Intervention Arm A.

https://doi.org/10.1371/journal.pcsy.0000052.g003

most significant weight loss, or the collective average weight loss of the class, or possibly a
combination of both factors.

Our randomized trial offers a distinctive chance to evaluate the existence and importance
of these effects. This evaluation involves comparing the estimated effects in the Full and Basic
social network groups with those in the control group. For a comprehensive understanding of
the proposed models, essential terminologies are outlined in Table 1.

Before delving into the details of the multilevel models used in the analysis, we will intro-
duce some notation. Let yi,t denote the weight change of an individual i during the time
period t, where i = 1,… ,N and t = 1,… ,T. Here, N is the total number of participants and T is
the number of time periods. We let ai denote the trial arm to which individual i was allocated
(ai = 2 for Full MCP, ai = 1 Basic MCP, and ai = 0 Control), and let ci denote the class to which
individual i was assigned. Let zi and xi,t denote the time invariant and time variant covariates
for individual i, respectively. The time invariant and time variant covariates include age, gen-
der, weight at baseline, diet, physical activity, medications, blood relationship between the
leader and the follower, and Ramadan and political events. In particular, Ramadan has a sig-
nificant impact on eating and fasting practices in Muslim societies, with with a previous study
in Jordan reporting related effects on body weight [14,15].

2.6.1. Leader domino effect. We propose that the person in a class who achieves the most
significant weight loss within a specific time frame t–1 (referred to as the leader) will impact
the weight loss of individuals within the same class during the subsequent time period t. The
multilevel linear mixed effects model used in the analysis is described as follows (Model 1:
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Fig 4. Presents both Leader domino effect and peer average effect for the corresponding control.

https://doi.org/10.1371/journal.pcsy.0000052.g004

Leader domino effect):

yi,t = 𝛽0i + 𝛽1yi,t–1 + 𝜏(1)ai max
j∶cj=ci

yj,t–1 + 𝛾Tzi + 𝜂Txi,t + 𝜖i,t. (1)

Here 𝛽0i is a random intercept parameter which depends on the individual i, and the
parameter 𝛽1 captures the effect of an individual’s weight change in the previous time period
on the weight change over the subsequent time period. The term maxj∶cj=ci yj,t–1 denotes
the weight change of the leader in the same class as individual i for time period t–1, and
(𝜏(1)1 , 𝜏(1)2 ) are the main parameters of interest that represents the net leader domino effect.
The associated vectors of parameters for time invariant and time variant covariates are
denoted by 𝛾 and 𝜂, respectively, and 𝜖i,t is the random error term.

We further extend the random intercept component of the model by incorporating hier-
archical nesting of individuals (individuals within MCP classrooms, within class days, within
community centres, and within temporal cohort waves), with random intercepts at each
hierarchical level.

A natural question arises is whether leaders’ weight change has longer term impact on the
followers beyond the immediate effect captured by 𝜏(1)ai . To address this question, we extend
the model in (1) by incorporating the weight change of the former leader (Model 2: Leader
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Fig 5. Shows both Leader domino effect and peer average effect for Intervention Arm B.

https://doi.org/10.1371/journal.pcsy.0000052.g005

and former leader domino effects):

yi,t = 𝛽0i + 𝛽1yi,t–1 + 𝜏(0)ai max
j∶cj=ci

yj,t–2 + 𝜏(1)ai max
j∶cj=ci

yj,t–1 + 𝛾Tzi + 𝜂Txi,t + 𝜖i,t (2)

where maxj∶cj=ci yj,t–2 is the weight change of the leader at time period t–2 (the former leader)
and (𝜏(0)1 , 𝜏(0)2 ) capture the net former leader domino effects.

2.6.2. Average peer effect. We also investigate the effect of average weight change in a
class on an individual’s weight change, in contrast to the hypothesis on the leader domino
effect. The multilevel model is expressed as follows (Model 3: Average peer effect):

yi,t = 𝛽0i + 𝛽1yi,t–1 + 𝜏(2)ai
1
ni

∑
j∶ci=ci

yj,t–1 + 𝛾Tzi + 𝜂Txi, t + 𝜖i,t, (3)

where 1
ni
∑j∶cj=ci yj,t–1 is the average weight change for individuals in the same class as individ-

ual i at time period t–1, where ni is the number of individuals in this class. The parameter
(𝜏(2)1 , 𝜏(2)2 ) capture the average peer effect for the Basic and Full MCP relative to control.
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Fig 6. Presents both Leader domino effect and peer average effect for the corresponding control.

https://doi.org/10.1371/journal.pcsy.0000052.g006

2.6.3. Joint effect. Finally, we investigate the joint leader domino effect and the average
peer effect (Model 4: Joint Model):

yi,t = 𝛽0i + 𝛽1yi,t–1 + 𝜏(1)ai max
j∶cj=ci

yj,t–1 + 𝜏(2)ai
1
ni

∑
j∶cj=ci

yj,t–1 + 𝛾Tzi

+𝜂Txi,t + 𝜖i,t. (4)

Statistical analyses were performed using R software (version 4.1.2).

3. Results
Study participants’ baseline characteristics across all three treatment arms were generally sim-
ilar (Table 2), with mean age in Arm A being a minor exception (mean age 54.2 years versus
Arm B 56.6 years, versus Arm C 56.2 years). Mean BMI was similar across the three arms
(Arm A 33.6 kg/m2 versus Arm B 33.5 kg/m2 versus 33.4 kg/m2).

Furthermore, 19% of participants had a highest education level of primary school, 29%
had completed secondary or high school, and 12% held a bachelor’s degree or higher. Addi-
tionally, 83% of participants were married, and 56% lived in households with five or more
members. Notably, 97% had not received any diabetes education before the trial.
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Table 1. Key terminologies.
Terminology Definition
Session A meeting in which participants come together
Class A collection of microclinics allocated to the same classroom
Microclinic A pre-existing social cluster consisting of 2-6 individuals
Leader An individual who had achieved the highest weight loss in the previous session among all participants

within the same class
Former Leader An individual who had achieved the highest weight loss in the session immediately preceding the pre-

vious session among all participants within the same class. Note: the leader and the former leader can
be the same person.

Follower The definition of a follower can vary depending on the specific model being used. If the statistical
model considers only the leader, then a follower is defined as any individual who is not the leader.
However, if the statistical model includes both the leader and the former leader, the definition of a
follower expands to include any individual who is neither the leader nor the former leader.

Leader Domino Effect The percentage of leader’s weight loss that a follower is expected to achieve in the subsequent session.
Net Leader Domino Effect Leader domino effect for the intervention group minus leader domino effect for the control group.
Former Leader Domino
Effect

The percentage of former leader’s weight loss that a follower is expected to achieve in the subsequent
session.

Net Former Leader
Domino Effect

Former leader domino effect for the intervention group minus former leader domino effect for the
control group.

Average Peer Effect The percentage of average weight change of a class that an individual is expected to achieve in the
subsequent session.

Net Average Peer Effect Average peer effect for the intervention group minus average peer effect for the control group.

https://doi.org/10.1371/journal.pcsy.0000052.t001

Table 2. Baseline characteristics of study participants.
Characteristic, mean (SD)
or %

Full MCP (n = 537) Basic MCP (n = 186) Control Group (n = 187)

Age, years 54.2 56.6 56.2
Women, (%) 66.5 67.0 65.0
Weight, kg 85.9 85.0 86.0
Height, m 160.3 159.6 160.3
BMI, kg/m2 33.6 33.5 33.4
Systolic blood pressure,
mm Hg

129.1 131.7 132.2

Diastolic blood pressure,
mm Hg

81.3 81.0 81.3

Mean arterial pressure, mm
Hg

97.2 97.9 98.3

HbA1c (%) (SD) 6.91 6.90 6.91
Fasting plasma glucose*,
mg/dL

147.8 142.8 145.7

*Baseline fasting glucose average of first and second weeks.

https://doi.org/10.1371/journal.pcsy.0000052.t002

The results obtained from fitting the four models are presented in Table 3. In the leader
domino effect model (Model 1), we found that the net leader domino effect was strongly sta-
tistically significant for both Full and Basic MCP (p < 0.001 for the joint Wald test of Full
and Basic MCP versus control). The estimated net leader domino effects were 0.207 (95% CI:
0.105 to 0.309) and 0.119 (95% CI: 0.004 to 0.235) for Full and Basic MCP, respectively. This
suggests that, relative to the control group, a 1 kg weight loss of the leader in Full (Basic) MCP
resulted in a weight loss of 0.207 (0.119) kg for the followers over the subsequent session.

In the leader and former leader domino effects model (Model 2), we observed a significant
positive net leader domino effect for both Full and Basic MCP relative to the control group,
with an estimated effect of 0.207 (95% CI: 0.103 to 0.311) and 0.123 (95% CI: 0.006 to 0.241),
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Table 3. Multilevel mixed effect models results (Model 1–4).
Parameters Model 1

Estimate
(95% CI)

Model 2
Estimate
(95% CI)

Model 3
Estimate
(95% CI)

Model 4
Estimate
(95% CI)

Current leader domino effect (net)
Full MCP 0.207

(0.105, 0.309)
0.207
(0.103, 0.311)

0.222
(0.111, 0.333)

Basic MCP 0.119
(0.004, 0.235)

0.123
(0.006, 0.241)

0.135
(0.011, 0.259)

Control ref ref ref
Joint Wald test p < 0.001 p < 0.001 p < 0.001
Former leader domino effect (net)
Full MCP 0.024

(-0.088, 0.136)
Basic MCP -0.023 (-0.151, 0.104)
Control ref ref ref
Joint Wald test p = 0.55
Average peer domino effect (net)
Full MCP 0.268

(0.017, 0.520)
-0.163
(-0.459, 0.133)

Basic MCP 0.194
(-0.080, 0.468)

-0.098
(-0.418, 0.222)

Control ref ref ref ref
Joint Wald test p = 0.11 p = 0.5

https://doi.org/10.1371/journal.pcsy.0000052.t003

respectively. On the contrary, former leader-to-followers effect was not found to be signif-
icant for either Full or Basic MCP, indicating that the weight change of individuals was not
associated with the weight change of the former leader.

In the average peer effect model (Model 3), we observed a statistically significant average
peer effect for Full MCP relative to control, with an estimated effect of 0.268 (95% CI: 0.017 to
0.520). A smaller positive average peer effect of 0.194 (95% CI:-0.080, 0.468) was observed for
the Basic MCP relative to control.

In the joint model (Model 4), we found that the leader domino effect significantly out-
weighs the average peer effect. The estimated net leader domino effects were 0.222 (95% CI:
0.111 to 0.333) for the Full MCP and 0.135 (95% CI: 0.011, 0.259) for the Basic MCP relative
to control. These estimates are consistent with those obtained in Model 1 and 2. In compar-
ison, the average peer effect for both Full and Basic MCP were not found to be significantly
different from 0.

To evaluate the sensitivity and robustness of the findings, S2 Text presents the results of the
sensitivity analyses and alternative model specifications.

4. Discussion
Do group norms shape individual behaviors or do individuals shape group norms? Our anal-
ysis demonstrates that “current leaders,” showing the greatest magnitude of change, shape
group norms, ultimately creating a domino cascade. Importantly, this peacocking behavior
corresponds to underlying aspirations of the group. Those who enrolled in our program likely
did so to improve their metabolic health; therefore they were receptive to dramatic displays of
weight loss by “current leaders”.

Yet we find that weight loss “leadership” is transitory as the torch is passed from a cur-
rent leader to a new leader. Our analysis of current versus former leaders reinforces this find-
ing; the weight loss domino cascade is driven by “current” but not former leaders. At least
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with respect to weight change, leaders are not simply “born” as such; they switch to being
followers, and vice versa, at various points in time.

In addition to temporal considerations, we discovered that weight change leadership is an
individual leader-driven characteristic at each time point. Given the widely accepted wisdom
that group peer-pressure shapes individual norms, we wanted to disaggregate the leader from
the average peer effect. We rather surprisingly discovered that the average peer effect was not
significant on the individual in the presence of leader domino effect. Thus, the peer-pressure
phenomenon, which extends well beyond weight change, may in fact also be a follow-the-
leader domino effect and should be investigated.

From our analyses, we infer that follow-the-leader domino effects are indeed causal, as we
disentangled induction versus homophily versus confounding. Our results show, for the first
time, that weight loss not only socially propagates; it can also be engineered by health systems
to do so. Hence, we see a more profound effect in Arm A, where a win-win “Managed Coope-
tition” game is underway. Part of this process of balancing these cooperative and competitive
forces involves inspiring collective weight loss by recognizing individual achievement.

Finally, our results address some basic questions about behavioral cascades: when, where,
why, how, what, and when [16]. In brief, non-placebo class participants engage in defined
and undefined spaces at defined and undefined times with varying degrees of social network
dosing. They likely do so for a multiplicity of reasons yet to be further studied. Depending on
their intervention Arm randomized assignment, they combined varying degrees of competi-
tion and cooperation. Ultimately, weight loss cascaded.

Given the alarming economic and humanitarian costs of obesity to the global economy,
preventing and managing the disease via self-propagating social norms could be a more effec-
tive and cost efficient strategy for public health, by orders of magnitude.

5. Limitations
The study is not without its limitations; it was conducted in low-income refugee communi-
ties and a conflict adjacent setting. Although other studies have supported the efficacy of the
Microclinic Program in Lebanon, West Bank, Gaza, Appalachia-Kentucky, and Kenya for pre-
venting and managing HIV/AIDS, obesity, and diabetes in low income settings, the specific
models used in this paper were not replicated due to a lack of data [9–12]. Therefore, while
we believe this study’s results have the potential to be generalized to these other geographi-
cal contexts due to similarly positive responses to the Microclinic Program, further studies are
needed to validate this. We explored potential mechanisms for the propagation of weight loss
in social networks. Although these mechanisms are intuitive, it’s essential to note that alterna-
tive weight propagation mechanisms cannot be entirely ruled out. Finally, the authors were
also unable to determine whether the impact of the social propagation extended to people
outside the trial.

Supporting information
S1 Fig. Flow diagram of randomization.
(EPS)

S1 Text. Detailed curriculum of intervention.
(PDF)

S2 Text. Results of sensitivity analyses and alternative model specifications used to assess
the robustness of the findings.
(PDF)
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