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Abstract

Objective—This study aimed to examine 1) if the Strong Hearts, Healthy Communities
intervention (SHHC) improved social network members’ (SNMs) weight, exercise, and diet, and
2) if SNMs’ weight and behavioral changes were modified by their relationship closeness and/or
spatial closeness with trial participants.

Methods—Eight towns received the SHHC intervention, which focused on building individual
healthy behaviors and creating supportive social and built environments for exercise and healthy
eating. Eight towns received an education-only control intervention. SNMs (n=487) were recruited
to complete a questionnaire at baseline and outcome at six months that asked about demographics,
weight, height, exercise, and eating habits.

Results—SHHC’s effect on SNMs differed depending on their relationship closeness with trial
participants. Among SNMs who had a very close relationship with trial participants, those
associated with intervention group trial participants lost more weight and decreased BMI more
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than those associated with the control group (weight [kg] between-group difference: A=-1.68;
95% CI=-3.10, —-0.25; p=0.021; BMI between-group difference: A=-0.60; 95% Cl=-1.16, —0.04;
p=0.034). Spatial closeness did not modify any of SHHC’s ripple effects.

Conclusions—Relationship closeness, rather than spatial closeness, played an important role in
influencing a rural community-based intervention’s ripple effects.

weight loss; obesity; ripple effect; social network; rural health

Introduction

In the US, rural populations disproportionally experience higher levels of obesity in
comparison to their non-rural counterparts (1). This could be partially due to the social
challenges faced by rural residents to active living and healthy eating including social
isolation (2), limited social support (3-5), abundance of food-centric social events with
unhealthy foods (6,7), limited organized outdoor activities (4,8), expectations on duties and
caregiving responsibilities (5), and few role models for healthy living (9). Therefore,
investigating ways to overcome social barriers to healthy living among rural residents might
be an effective way to mitigate rural health disparities. One potential strategy is to engage
and support rural residents’ social network members (SNMs) in physical activity and healthy
eating.

Increasing evidence has suggested that SNMs can exert influence on behaviors and weight
status. Some review studies have found that individuals tend to exhibit concordance with
their family members and friends in terms of health behaviors (10) and weight (11). A small
but growing number of studies have also suggested that if individuals change their exercise
or diet habits, family members might also adopt these new health behaviors (12-17).

In addition, prior cross-sectional studies have shed light on the importance of relationship
closeness, rather than spatial closeness, on associations with weight and related behaviors.
For example, among spouses, friends, brothers, and sisters of Framingham Heart Study
participants, only spouses showed strong concordance in eating patterns over time, despite
other family members living in the same household (18). Similarly, some studies found that
close relationships, such as those with partners, friends, and family, have greater impacts on
weight status than spatial relationships, such as those with neighbors and coworkers (19).
Others also suggested that, in comparison to perceived social ties, geographical proximity of
networks might have limited influence on obesity status (20,21).

Given that rural populations tend to have closer relationships with others compared to non-
rural populations (22), leveraging rural individuals’ closer social ties to influence others’
weight and health behaviors may be a cost-effective strategy to alleviate rural health
disparities. However, none of the prior ripple effect studies have focused on rural
populations, nor have they investigated how relationship closeness and spatial closeness
might play a role in influencing ripple effects within the context of an intervention.
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The aim of this study was to examine ripple effects on weight, exercise, and dietary patterns
within Strong Hearts, Healthy Communities (SHHC), a rural community-based randomized
behavior change intervention trial. We hypothesized that the intervention group’s SNMs
would have greater improvement in terms of weight, body mass index (BMI), exercise, and
diet quality, compared to the control group’s SNMs. In addition, we further examined
whether or not SNMs’ weight and behavioral changes were modified by their relationship
closeness and/or spatial closeness with trial participants. Based on findings from prior
studies (18-21), we hypothesized that relationship closeness, but not spatial closeness,
would have a significant interaction with the SHHC intervention. We further hypothesized
that SNMs who had very close relationships with trial participants and were spatially close
to these trial participants would have greater weight and behavioral changes.

This secondary analysis examined ripple effects of a behavior change intervention trial,
SHHC, which aimed to reduce cardiovascular disease risk factors among rural US women.
From this point onwards, women who participated in the original trial are referred as trial
participants. Study protocol, trial participants flow, and trial participant characteristics have
been described elsewhere (23,24). Between 2015 and 2016, 194 sedentary midlife and older
women with excess weight or obesity participated in the SHHC trial for 24 weeks in 16
medically underserved rural towns in Montana and New York. Our previous findings showed
that in comparison to those in the control group, trial participants in the intervention group
(SHHC) had statistically significant weight loss, BMI reduction, increased intake of fruit and
vegetables combined, and increased walking MET-minutes per week (24,25). The study was
approved by Cornell University and Bassett Healthcare Network Institutional Review
Boards.

Eight towns received the SHHC intervention (n=101)—a 48-session (twice a week for 24
consecutive weeks) intervention with multiple components that were designed to increase
physical activity and improve diet quality. These components included in-class exercise
sessions, capacity-building activities, field-based learning, and other activities that were
designed to promote positive behavioral changes through cultivating supportive social and
built environments. In addition, intervention group trial participants were provided with tips
and strategies to engage SNMs in exercise and healthy eating, such as inviting them to try
new exercises and healthy foods, engaging them in decision-making, and offering and
receiving support from each other. The other eight towns received an education-only control
intervention, Strong Hearts, Healthy Women (SHHW), that only provided general
information on healthy living (n=93). Trial participants in the SHHW group met once every
four weeks for 24 weeks for a total of six sessions.

Data collection

Social network members recruitment—Family members, friends, coworkers, and/or
other SNMs were nominated by trial participants on the baseline questionnaire to participate
in pre- and post-intervention questionnaires; trial participants provided contact information
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for each nominated SNM. Trial participants provided SNM nominations and completed
baseline data collection prior to randomization. In other words, trial participants did not
know their treatment assignment when they provided SNM nominations. All SNMs referred
by trial participants were eligible to participate as long as they were at least 18 years old and
provided consent. There were no BMI or weight eligibility criteria for SNMs. SNMs gave
written consent on the first page of the social network baseline online survey. Of the entire
trial participant sample, the median number of social network referrals was 1 (IQR: [0, 4]).
Figure 1 shows the SNMs’ flow through the study.

Measures—The SNM questionnaire included questions about demographics including
address, weight, height, eating and exercise habits, relationship closeness to trial participant,
and psychosocial factors.

To assess relationship closeness, at baseline, SNMs responded to the question *“How would
Yyou describe your relationship with the Strong Hearts Study participant?,” with the response
options “very close,” ‘somewhat close,” and ‘not very close.” These three levels of
relationship closeness were based on the Convoy Model of Social Relations that suggests
social relationships could be divided into three layers: inner circle, middle circle, and outer
circle (26). After data collection, we found that 53.9% of the SNMs selected the “very close”
option, 37.2% selected the “somewhat close” option, and only 8.8% selected the ‘not very
close’ option at baseline. Therefore, SNMs were dichotomized as having a relationship with
trial participant that was either ‘very close’ or ‘somewhat or not very close’ to allow easier
interpretation of findings.

To assess spatial closeness, we dichotomized SNMs into “spatially close’ and “not spatially
close.” Those in the spatially close category included SNMs who lived in the same
household as trial participants, coworkers, and those who lived within 10-mile driving
distance from trial participants. Coworkers were included as being spatially close because
people spend a considerable amount of time at work and the work environment has been
shown to be related to individuals’ physical activity and diet (27,28). The shortest driving
distance between trial participants and their SNMs’ contact addresses was calculated using
Google Maps. The 10-mile driving distance cut-off has been used by governmental and
social agencies as a proxy to define reasonable travel distance to service amenities in rural
communities (e.g. grocery stores, hospitals, and banks) (29-31). Such a cut-off was also the
median driving distance between trial participants and their SNMs. Relationship and spatial
closeness could be classified for 463 of the 487 SNMs at baseline. There was a modest, but
significant (p=0.008), inverse association between the two measures of closeness: being
spatially close to trial participants was somewhat less common for SNMs with a very close
relationship (134/246=54.5%) than a somewhat/not close relationship (145/217=66.8%).

The International Physical Activity Questionnaire-Short Form (IPAQ-SF) was used to assess
SNMs’ physical activity (32). Standard scoring protocol was used to calculate SNMs’
weekly walking MET-minutes, moderate-to-vigorous physical activity (MVPA) MET-
minutes, and total MET-minutes (33).
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The Rapid Eating Assessment for Patients — Shortened version (REAP-S) was used to assess
SNMs’ diet quality (34). This 13-item questionnaire contains questions related to frequency
of eating out, skipping breakfast, low consumption of high fiber foods, and consumption of
processed foods, meats, oil, sweets, and soda. Responses for each question include 1 point =
‘usually/often,” 2 points = ‘sometimes,” and 3 points = ‘rarely/never.” Food items that were
skipped (or answered ‘not applicable to me’) were coded as ‘rarely’ or ‘never.” Possible sum
scores range from 13 to 39, and higher scores indicate better diet quality (35).

BMI was calculated using SNMs’ self-reported weight and baseline height. Implausible
weight values were excluded for one SNM who had a baseline weight of 234.3kg
(BMI1=83.4) and had a weight of 101.6kg at six months (BMI1=36.2). Without any medical
procedure, it is unrealistic for a normal person to lose more than 100kg in six months
through physical activity and diet changes only; therefore, we removed this SNM’s weight
and BMI values and treated them as missing values.

Baseline characteristics by treatment group were compared for the entire SNM sample, the
very close relationship sample, and the spatially close sample. T-tests were used to examine
normally distributed continuous variables and Wilcoxon rank-sum tests were used to
examine non-normally distributed continuous variables. Baseline demographic differences
for categorical variables were examined using Fisher’s exact tests. In case of Fisher’s exact
test was not able to be ran, Monte Carlo estimates were used to examine categorical variable
differences.

Linear mixed models were used to assess the change of outcomes from baseline to six
months in weight, BMI, exercise, and diet between intervention (SHHC) and control groups’
(SHHW) SNMs (A outcome of interest = treatment group + control variables + baseline
value of outcome). To test whether relationship closeness moderated the effects of the
treatment on body weight and behavior outcomes, an interaction term was used between
treatment group (intervention vs. control) and relationship closeness (very close vs.
somewhat or not very close) (A outcome of interest = treatment group + treatment
group*relationship closeness + relationship closeness + control variables + baseline value of
outcome). Similarly, to test whether spatial closeness moderated the effects of the treatment
on body weight and behavior outcomes, an interaction term was used between treatment
group (intervention vs. control) and spatial closeness (spatially close vs. not spatially close)
(A outcome of interest = treatment group + treatment group*spatial closeness + spatial
closeness + control variables + baseline value of outcome).

For outcomes in which SHHC intervention group trial participants had statistically
significant improvements in the original trial in comparison to the control group (i.e. weight,
BMI, weekly walking MET-minutes, and diet quality), we conducted sensitivity analyses
among (i) SNMs who had a very close relationship to trial participants (A outcome of
interest = treatment group + treatment group*spatial closeness + spatial closeness + control
variables + baseline value of outcome) and (ii) those who were spatially close to trial
participants (A outcome of interest = treatment group + treatment group*relationship
closeness + relationship closeness + control variables + baseline value of outcome).
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All linear mixed models controlled for SNMs’ age, sex, education, relationship status,
employment status, self-rated health, and baseline value of outcome of interest (see Table 1).
We also controlled for trial participants’ program attendance. Trial program sites and trial
participants’ unique identification number were also included in all models and were treated
as random effects to control for the clustering effects of trial program sites and the possible
correlation between SNMs referred by the same trial participant. Model assumptions were
checked and met. Collinearity diagnostics indicated no violations among the independent
variables in the present study, in which all variance inflation factors (VIFs) were under 2.

Examination of missing data revealed that the proportion of missing data of our dependent
variables (i.e. changes in weight [kg], BMI, weekly walking MET-min, weekly MVPA
MET-min, weekly total MET-min, and REAP score) ranged between 37.2% and 48.0%. This
was largely due to lost to follow-up of SNMs (36.3%). This was not surprising as SNMs
were not our primary target audience of the original SHHC trial. SNMs might have been less
motivated to complete follow-up data collection activities.

We examined differences between SNMs who completed the follow-up survey and those
who did not. We found similar demographic characteristics between them in terms of their
baseline BMI, relationship status, education level, employment status, and self-rated health
(all p>0.05). However, those who returned for follow-up surveys were younger than those
who did not (mean age: 46.2 vs 49.8, p=0.020). It was challenging to distinguish between
missing at random and missing not at random without responses from non-respondents. As
we found no major demographic differences between SNMs that had available dependent
variables and those who did not, we used a multiple imputation approach that assumes
missing at random.

SAS (PROC MI) was used to handle missing data with an imputation model that included
the variables used in the analysis, including the interaction terms, to impute SNMs’ baseline
demographic variables (i.e. covariates). Thirty datasets were imputed and SAS PROC
MIANALY ZE was used to pool the estimates from individual datasets. We did not impute
the dependent variables (i.e. changes in weight [kg], BMI, weekly walking MET-minutes,
weekly MVPA MET-minutes, weekly total MET-minutes, and REAP score) because
imputing dependent variables without knowing useful auxiliary variables would not provide
useful information but would add uncertainties to our data which, would in turn increase the
standard errors (36,37).

Analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). All
tests were two-sided, and p<0.05 was used as the cutoff for statistical significance.

Table 1 shows SNMSs’ baseline characteristics.

Of the 487 SNMs, 289 (59.3%) were referred by intervention group trial participants and
198 (40.7%) by control group trial participants; 135 (27.7%) were family members (child,
spouse, or parent), and 352 (72.3%) were friends and others.
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There were differences between groups at baseline in the entire social network sample as
well as within the two sensitivity tests sub-samples. Among the entire social network
sample, while the intervention group’s SNMs were older (49.1 vs. 45.1, p=0.007), a higher
proportion of the control group’s SNMs were employed than those related to the
intervention group (77.2% vs. 67.1%, p=0.018). For baseline physical activity and diet,
intervention group SNMs had higher levels of weekly MVVPA MET-minutes (1440.7 vs.
1142.6, p=0.017), weekly total MET-minutes (2151.0 vs. 1792.1, p=0.026), and REAP-S
sum score (30.0 vs. 28.4, p=0.001). For those in the very close relationship sample, a greater
proportion of the control group’s SNMs were employed (75.8% vs. 61.1%, p=0.019); the
intervention group’s SNMs had higher baseline weekly MVVPA MET-minutes (1540.3 vs.
1478.5, p=0.041) and REAP-S sum score (29.9 vs. 28.3, p=0.010) than those related to the
control group. For those in the spatially close sample, the intervention group’s SNMs were
older (50.9 vs. 46.7, p=0.027) and had higher baseline levels of weekly MVPA MET-
minutes (1566.2 vs. 1114.0, p=0.012) and total MET-minutes (2356.0 vs. 1718.0, p=0.015).

Weight, BMI, physical activity, and dietary changes among social network members

Overall, we did not observe any difference between intervention and control groups’ SNMs
in weight (between-group difference [kg]: A=-0.96; 95% Cl=-2.34, +0.42; p=0.172), BMI
(between-group difference: A=-0.40; 95% CI=-0.99, +0.19; p=0.184), walking MET-
minutes (between-group difference: A=+88.26, 95% Cl1=-155.49, +332.02; p=0.478),
MVPA MET-minutes (between-group difference: A=—173.74; 95% CI=-690.6, +343.14
p=0.510), total MET-minutes (between-group difference: A=-242.13, 95% CI=-878.74,
+394.48; p=0.456), or REAP-S score (between-group difference: A=+0.15; 95% Cl=-1.16,
+1.47; p=0.821).

Interaction terms testing

Table 2 summarizes findings of the interaction terms testing.

Weight and BMI

Among the entire SNM sample, the interaction between relationship closeness and treatment
group was statistically significant for weight change (kg) (p=0.030) and marginally
statistically significant for BMI change (p=0.050); the interaction between spatial closeness
and treatment group was not statistically significant for either weight change (kg) (p=0.132)
nor BMI change (p=0.208) (Table 2). Between-group comparisons revealed that among
those who had a very close relationship with trial participants, the intervention group’s
SNMs lost more weight and decreased BMI more than those associated with control group
trial participants (weight [kg] between-group difference: A=-1.68; 95% Cl1=-3.10, —0.25;
p=0.021; BMI between-group difference: A=—0.60; 95% Cl=-1.16, —0.04; p=0.034) (Table
3).

The interaction between spatial closeness and treatment group was only marginally
statistically significant within the very close relationship sample for weight change (kg)
(p=0.046), but not BMI change (p=0.097) (Table 2). Among those who were not spatially
close but had a very close relationship with trial participants, the intervention group’s SNMs
lost weight and decreased BMI while weight and BMI increased for those associated with
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the control group trial participants (weight [kg] between-group difference: A=-3.28; 95%
Cl=-5.57, —-0.99; p=0.005; BMI between-group difference: A=-1.18; 95% Cl=-2.12, -0.24;
p=0.014) (Table 3).

For exercise, only the interaction between spatial closeness and treatment group for change
in weekly walking MET-minutes within the very close relationship sample was found to be
statistically significant (p=0.027) (Table 2). Among those who had a very close relationship
with trial participants but were not spatially close, the intervention group’s SNMs increased
their weekly walking MET-minutes, while those associated with control group trial
participants decreased their walking (between-group difference: A=+557.98; 95% Cl=
+76.22, +1039.75; p=0.023) (Table 4).

Although we observed a statistically significant interaction between relationship closeness
and treatment group on diet changes within the entire SNM sample (p=0.007) and among

those who were spatially close (p=0.012) (Table 2), post-hoc between-group comparisons
did not observe any meaningful dietary change differences (Table 5).

Discussion

When comparing outcome changes between intervention and control group trial participants’
SNMs, we did not find any statistically significant ripple effect on weight, BMI, exercise, or
diet changes. These findings are in contrast with some prior studies (12-17). This could be
due to different study designs and participant selection. In particular, while prior studies only
focused on the ripple effect among spouses and partners, our SNM sample also included trial
participants’ parents, children, friends, coworkers, and others.

We also examined whether there was effect modification by relationship closeness and/or the
spatial closeness between trial participants and their SNMs. We found that SNMs who had a
very close relationship with intervention group trial participants lost weight and reduced
their BMI in comparison to those that had a very close relationship with control group trial
participants. These findings also apply to a sub-sample of SNMs who were either
overweight or obese at baseline. Weight and BMI improvements among the intervention
group’s SNMs may have resulted from their increased weekly walking MET-minutes. We
found that SNMs’ weight and BMI changes were negatively associated with their weekly
walking MET-minute changes (p<0.05). These findings mirror intervention group trial
participants’ improvements in weight, BMI, and self-reported weekly walking MET-minutes
(24,25). When intervention group trial participants experienced positive changes, they might
have been more likely to share information with their close SNMs, be role models, and
provide encouragement for behavior changes. Such an observation is similar to a few studies
that suggested relationship closeness might play a bigger role in influencing SNMs’ weight
and behaviors than SNMs’ spatial proximity (19-21). In addition, a reciprocal relationship
may have existed between trial participants and SNMs’ walking behaviors: while the number
of trial participants’ SNM referrals was positively associated with trial participants’ walking
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minute improvements (8=+13.01, 95%CIl=+2.62, +23.41; p=0.015), SNMs’ improved
walking minutes were also positively associated with trial participants” walking
improvements, although the magnitude was small (8=+0.07, 95%CI=+0.01, +0.14;
p=0.022).

In contrast to our hypothesis, our sensitivity analyses did not find any ripple effects among
SNMs who were both socially and spatially close to trial participants (mainly trial
participants’ spouses). This could be due to the different health goals and activity
preferences between trial participants and their spouses. For example, rural women in some
studies commented that their husband did not perceive walking as exercise and did not like
to socialize (38). In addition, rural men in our formative work expressed that for physical
activity, they preferred team sports and outdoor activities in the countryside, such as hunting
and fishing (4). In other words, trial participants’ increased engagement in walking might
not be of interest to their spouses in these rural communities.

Interestingly, SNMs who had a very close relationship with trial participants but were not
spatially close, mirrored trial participants’ weight loss and improved walking patterns. These
SNMs were mainly female and were trial participants’ adult children or other relatives. In
comparison to trial participants’ spouses, these SNMs might have similar health goals and
exercise preferences; therefore, trial participants might be able to influence them to make
positive behavioral changes.

The present study did not find any meaningful dietary improvements among trial
participants’ SNMs. This is similar to the dietary outcomes in the trial participants as well,
where only a slight increase of the intervention group’s fruit and vegetables combined intake
was observed in comparison to the control group (between-group difference [cups daily]: A=
+0.60; 95% Cl=+0.1, +1.1; p=0.026) (25). In fact, within-group analyses of the original trial
found that the intervention group’s fruit and vegetables combined intake did not change
significantly after the intervention (within-group difference [cups daily]: A=+0.1; 95% Cl=
-0.2, +0.5; p=0.529) (25). When intervention group trial participants did not make
significant dietary improvements, it is very unlikely to generate a ripple effect to SNMs. Our
process evaluation found that intervention group trial participants found it challenging to eat
healthfully while needing to accommodate family members’ food preferences (39).

This study has limitations to be noted. First, SNMs self-reported their height, weight,
exercise, and diet, and may have been subject to measurement error. Second, the SNM
sample was referred by trial participants; therefore, our SNM sample might have been biased
towards certain types of relationships, such as spouses, children, friends, and coworkers.
Although the SNM sample was collected prior to randomization, future studies should
include purposeful variation in relationship types to help further understand the association
between SNM characteristics and intervention outcomes. Third, since our SNM sample
might have known about the study, social desirability bias might exist in self-reporting data.
Fourth, the majority of the SNMs were female, white, and were with excess weight and
obesity. Findings might not be generalizable to other populations. Fifth, although this study
provides important insights into factors that influence an intervention’s ripple effects,
mechanisms that contributed to SNMs’ weight loss and behavior changes are still unclear.
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Future studies should examine how social dynamics contribute to weight loss and behavior
change, particularly among individuals who are spatially distant but have a very close
relationship. Findings will inform how to best utilize social networks to generate bigger
intervention impacts. Finally, because this was an exploratory secondary analysis of the
original SHHC study, we did not adjust p-values for multiple testing; this might have
increased type | error rate (40). Further hypotheses testing is needed in future studies.

Conclusion

Our study contributes new understanding related to ripple effects, demonstrating that
relationship closeness, rather than spatial closeness, plays an important role in influencing
SNMs’ weight and health behaviors. Exploring ways to engage SNMs who are in close
relationships with intervention participants, independent of spatial proximity, could improve
reach, impact, and cost-effectiveness of programs.
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What is already known about this subject?

. People can influence their social network members’ weight and health
behaviors.
. No prior study has examined the ripple effects of rural behavior change

interventions nor how relationship closeness and/or spatial closeness
influence interventions’ ripple effects.

What does this study add?

. Within the context of a rural community-based behavior change intervention,
relationship closeness, rather than spatial closeness, played an important role
in promoting weight loss and exercise among trial participants’ social network
members.

How might your results change the direction of research or the focus of clinical
practice?

. Exploring ways to engage social network members who are in close
relationships with intervention participants might help improve reach and
cost-effectiveness of these programs.
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Intervention
(SHHC)

n=101

Control
(SHHW)

n=93

Social Network Members Nomination
At Baseline
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315 were nominated to complete Social
Network Member Questionnaire at
baseline

202 were nominated to complete Social
Network Member Questionnaire at
baseline

[ Excluded

26 were excluded: under 18 years old

4 were excluded: under 18 years old

Social Network Member Baseline
Questionnaire Completion

289 completed Social Network Member
Questionnaire at baseline

198 completed Social Network Member
Questionnaire at baseline

l [ Follow-Up ] i

184 completed follow-up questionnaire

126 completed follow-up questionnaire

i [ Analysis

J i

184 social network members

126 social network members

Figure 1 —. Social network members flow of the Strong Hearts, Healthy Communities trial
Abbreviations: SHHC, Strong Hearts, Healthy Communities; SHHW, Strong Hearts,

Healthy Women
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Summary of interaction testing findings

Table 2

Page 17

Interaction terms

Outcomes of interest

A Weight (kg) A BMI A Weekly A Weekly A Weekly total A REAP-S sum
walking MET- moderate-to- MET-minutes score
minutes vigorous activity
MET-minutes
Among all social network members (n ranged from 253 to 306)
Relationship v X X X X v
closeness*treatment group (p=0.030) (p=0.050) (p=0.975) (p=0.429) (p=0.551) (p=0.007)
Spatial X X X x x X
closeness*treatment group (p=0.132) (p=0.208) (p=0.401) (p=0.771) (p=0.507) (p=0.291)
Social network members who had a very close relationship with trial participants (n ranged from 143 to 173)
Spatial v X v nla nla X
closeness*treatment group (p=0.046) (p=0.097) (p=0.027) (p=0.151)
Social network members who were spatially close to trial participants (n ranged from 155 to 185)
Relationship X X X WE WE v
closeness*treatment group (p=0.473) (p=0.292) (p=0.132) (p=0.012)

Significant p-values are indicated in bold. v indicates statistically significant interaction terms. x indicates statistically insignificant interaction
terms. All models controlled for social network members’ age, sex, education, relationship status, employment status, self-rated health, trial
participants’ program attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and trial participants’ identification
number were treated as random effects in all models.
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Adjusted least square means for between-group comparisons: weight and BMI changes

Within-group change

Within-group change

Between-group difference (intervention

(intervention) (control) - control)
Mean Change (95% CI) Mean Ciéalnge (95% Mean Clgzalnge (95% p-value
Among all social network members
Weight (kg)
Very close relationship (intervention _ _ _ _ _ _ _
n=102; control n=60) 1.52 (-2.61, -0.44) +0.15 (-1.17, +1.48) 1.68 (-3.10, -0.25) 0.021
Somewhat or not very close
relationship (intervention n=68; +0.27 (-1.09, +1.62) -0.14 (-1.61, +1.32) +0.41 (-1.26, +2.08) 0.630
control n=55)
Spatially close (intervention n=94, _ _ _ _ _ _
control n=77) 0.70 (-1.86, +0.46) 0.38 (-1.64, +0.89) 0.32 (-1.74, +1.10) 0.658
Not spatially close (intervention -1.39 (-2.63, -0.14) +0.48 (-1.09, +2.06) | -1.87 (-3.59,-0.14) 0.034
n=76, control n=38) ) e ’ e ' et )
BMI
Very close relationship (intervention ~0.47 (~0.87, -0.06) +0.14 (-0.37, +0.64) | —0.60 (-1.16, -0.04) 0.034
n=94; control n=49) ' S ' e ' R )
Somewhat or not very close
relationship (intervention n=63; +0.14 (-0.38, +0.65) -0.004 (-0.56, +0.55) +0.14 (-0.50, +0.78) 0.670
control n=47)
Spatially close (intervention n=90, _ _ _ - _ -
control n=67) 0.18 (-0.64, +0.27) 0.02 (-0.53, +0.49) 0.17 (-0.76, +0.42) 0.579
Not spatially close (intervention _ _ _ . _ _
n=67, control n=29) 0.50 (-1.00, -0.01) +0.20 (-0.46, +0.85) 0.70 (-1.44, +0.04) 0.063
Among social network members who had a very close relationship with trial participants
Weight (kg)
Spatially close (intervention n=56, _ _ _ _ _ _
control n=37) 1.43 (-2.96, +0.11) 0.91 (-2.71, +0.90) 0.52 (-2.57, +1.52) 0.617
Not spatially close (intervention -2.07 (~3.69, ~0.45) +1.21 (-0.94, +335) | -3.28(-5.57,-0.99) 0.005
n=46, control n=23) : -09, 7L : .94, +3. . .57, -0. .
BMI
Spatially close (intervention n=52, _ _ _ . _ _
control n=32) 0.33 (-0.91, +0.24) 0.11 (-0.80, +0.59) 0.23 (-1.03, +0.57) 0.574
Not spatially close (intervention -0.66 (~1.27, ~0.04) +0.52 (<0.35, +1.40) | -1.18 (-2.12, -0.24) 0.014
n=42, control n=17) : el U . -39, +1. . 12, -0. .
Social network members who were spatially close to trial participants
Weight (kg)
Very close relationship (intervention _ _ _ _ _ _
n=53, control n=37) 0.89 (-2.09, +0.31) 0.50 (-1.90, +0.89) 0.39 (-1.93, +1.15) 0.619
Somewhat or not very close
relationship (intervention n=40, +0.37 (-1.13, +1.87) -0.02 (-1.50, +1.47) +0.39 (-1.21, +1.99) 0.631
control n=42)
BMI
Very close relationship (intervention -0.21 (-0.64, +0.21) ~0.07 (-0.59, +0.44) | -0.14 (-0.71, +0.44) 0.635
n=49, control n=32) : 0% T : 299, +0. . .71, +0. .
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Within-group change
(intervention)

Within-group change
(control)

Between-group difference (intervention

- control)

Mean Change (95% ClI)

Mean Change (95%
Cl)

Mean Change (95%
Cl)

p-value

Somewhat or not very close
relationship (intervention n=38,
control n=36)

+0.21 (-0.33, +0.75)

~0.08 (-0.63, +0.46)

+0.30 (-0.29, +0.88)

0.321

Significant p-values are indicated in bold. All models controlled for social network members’ age, sex, education, relationship status, employment
status, self-rated health, trial participants’ program attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and
trial participants’ identification number were treated as random effects in all models.
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Table 4.

Adjusted least square means for between-group comparisons: physical activity changes

Page 20

Within-group change

Within-group change

Between-group difference (intervention

control n=46)

+219.09)

(intervention) (control) - control)
Mean Change (95% CI) Mean Créalnge (95% Mean Change (95% CI) p-value
Among all social network members
Weekly walking MET-minutes
Very close relationship _ -10.39 (-303.47, +97.98 (-210.95,
(intervention n=103; control n=61) +87.58 (-140.18, +324.34) +282.68) +406.90) 0.534
Somewhat or not very close _ _
relationship (intervention n=70; +161.30 (~140.88, +463.48) s e 32;3_93, orel ig)555~ 0.607
control n=63) ' '
Spatially close (intervention n=98, _ +86.48 (—180.48, +18.22 (-274.93,
control n=83) +104.70 (-153.51, +362.91) +353.43) +311.38) 0.903
Not spatially close (intervention _ -116.10 (—457.93, +221.61 (-150.68,
n=75, control n=41) +105.51 (-167.52, +378.54) +225.73) +593.90) 0.243
Weekly moderate-to-vigorous MET-minutes
Very close relationship +613.62 (+105.30, +612.83 (-9.65, +0.787 (—659.44, 0.998
(intervention n=98, control n=60) +1121.94) +1235.31) +661.02) :
Somewhat or not very close
h g IUSY +502.31 (-145.53, +895.30 (+223.83, -392.99 (-1145.77,
relationship (intervention n=66, 0.306
control n=58) +1150.15) +1566.77) +359.78)
Spatially close (intervention n=93, +693.39 (+149.44, +890.44 (+311.81, -197.06 (-830.53, 0.542
control n=79) +1237.33) +1469.08) +436.42) :
Not spatially close (intervention _ +456.95 (-281.02, -48.65 (—851.73,
n=71, control n=39) +408.30 (-176.88, +993.49) +1194.93) +754.43) 0.906
Weekly total MET-minutes
Very close relationship +742.85 (+120.00, +819.90 (+59.60, -77.06 (—-886.77, 0.852
(intervention n=95, control n=59) +1365.69) +1580.21) +732.65) '
Somewhat or not very close _ _
relationship (intervention n=65, +761.89 (~32.52, +1556.30) *12082%52?2347)5-86' A %:14;35.53, 0.354
control n=58) ’ ’
Spatially close (intervention n=92, +867.70 (+201.69, +1227.93 (+519.20, -360.23 (-1133.44, 0.361
control n=78) +1533.71) +1936.65) +412.99) '
Not spatially close (intervention +572.59 (-145.03, +518.89 (-371.78, +53.69 (-927.03, 0.915
n=68, control n=39) +1290.21) +1409.57) +1034.42) :
Social network members who had a very close relationship with trial participants
Weekly walking MET-minutes
Spatially close (intervention n=52, _ _ +87.23 (—298.02, -176.42 (-607.91,
control n=36) 89.19 (—418.04, +239.67) +472.49) +255.07) 0.423
Not spatially close (intervention _ -543.00 (-1005.85, +557.98 (+76.22,
n=51, control n=25) +14.99 (-334.83, +364.80) ~-80.15) +1039.75) 0.023
Social network members who were spatially close to trial participants
Weekly walking MET-minutes
Vfery close relationship _ _ +124.12 (—-255.75, —-225.43 (-654.48,
(intervention n=52, control n=36) 101.30 (-425.58, +222.98) +503.99) +203.63) 0.303
Somewhat or not very close _ _ _
relationship (intervention n=46, +63.03 (~332.27, +458.33) 160.66 (~540.42, +223.69 (-184.25, 0.283

+631.64)
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Significant p-values are indicated in bold. All models controlled for social network members’ age, sex, education, relationship status, employment
status, self-rated health, trial participants’ program attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and
trial participants’ identification number were treated as random effects in all models.
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Adjusted least square means for between-group comparisons: diet changes
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Within-group change Within-group change Between-group difference (intervention -
(intervention) (control) control)
Mean Change (95% CI) Mean Chcalnge (95% Mean Cr(I:alnge (95% p-value
Among all social network members

REAP-S sum score
Very close relationship
(intervention n=111, control -0.23 (-1.33, +0.86) +0.62 (-0.70, +1.93) -0.85 (-2.34, +0.64) 0.264
n=62)
Somewhat or not very close
relationship (intervention n=72, +0.66 (-0.72, +2.03) -0.97 (-2.42, +0.48) +1.63 (-0.08, +3.34) 0.063
control n=61)
Spatially close (intervention _ _ _ _ _
n=106, control n=82) 0.06 (-1.19, +1.08) +0.18 (-1.06, +1.42) 0.24 (-1.67, +1.19) 0.746
Not spatially close (intervention _ _ _ -
n=17, control n=41) +0.14 (-1.09, +1.36) 0.69 (-2.18, +0.81) +0.82 (-0.90, +2.54) 0.348

Social network members who had a very close relationship with trial participants

REAP-S sum score
Spatially close (intervention n=60, _ _ _ _
control In=37) 0.05 (-1.47, +1.38) +1.81 (+0.08, +3.55) 1.86 (-3.85, +0.13) 0.066
Not spatially close (intervention _ _ _
n=51, control n=25) +0.13 (-1.45, +1.71) +0.10 (-1.90, +2.10) +0.10 (-2.11, +2.30) 0.932

Social network members who were spatially close to trial participants

REAP-S sum score
Very close relationship _ _ = _ _
(intervention n=57, control n=37) 0.36 (-1.76, +1.03) +1.37 (-0.28, +3.02) 1.73 (-3.64, +0.17) 0.075
Somewhat or not very close
relationship (intervention n=46, +0.51 (-1.26, +2.28) -0.78 (-2.50, +0.95) +1.29 (-0.72, +3.29) 0.208
control n=45)

Significant p-values are indicated in bold. All models controlled for social network members’ age, sex, education, relationship status, employment

status, self-rated health, trial participants’ program attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and
trial participants’ identification number were treated as random effects in all models.
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