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BACKGROUND: Cardiovascular disease (CVD) is the
leading cause of morbidity and mortality in the Ca-
ribbean region.

OBJECTIVE: This study explored the concept of a health
network, relationships focused on health-related matters,
and examined associations with CVD risk factors in the
Eastern Caribbean.

DESIGN: The Eastern Caribbean Health Outcomes
Research Network Cohort Study is an ongoing longi-
tudinal cohort being conducted in the US Virgin
Islands, Puerto Rico, Trinidad and Tobago, and
Barbados.

PARTICIPANTS: Participants (n=1989) were English or
Spanish-speaking adults 40 years and older, who were
residents of the island for at least 10 years, and who
intended to live on-island for the next 5 years.

MAIN MEASURES: Logistic regression was used to
examine associations between health network char-
acteristics and CVD risk factors: physical activity,
hypertension, and smoking. A baseline survey asked
questions about health networks using name gener-
ator questions that assessed who participants spoke
to about health matters, whose opinions on
healthcare mattered, and who they would trust to
make healthcare decisions on their behalf.

KEY RESULTS: Health networks were mainly com-
prised of family members and friends. Healthcare
professionals comprised 7% of networks, mean net-
work size was four, and 74% of health network con-
tacts were perceived to be in “good” to “excellent”
health. Persons with larger health networks had
greater odds of being physically active compared with
those with smaller networks (OR=1.07, CI=1.01-
1.14).

CONCLUSIONS: Health networks may be useful to inter-
vention efforts for CVD risk factor reduction. More studies
are needed to examine health networks in Caribbean con-
texts and explore associations with other CVD risk
factors.
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INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of morbidity
and mortality in the Caribbean region.' Lifestyle and behav-
ioral risk factors, including physical inactivity and smoking,
are major contributing factors.* © There has also been an
increase in related clinical risk factors like diabetes and hyper-
tension in the region."” % > ”~? The epidemiologic transition in
the Caribbean, accompanied by more sedentary lifestyles and
calorie-dense diets, has led to increases in these clinical and
lifestyle risk factors. Addressing these risk factors is therefore
critical to reducing the burden associated with cardiovascular
diseases in the region.'”

Prior epidemiological evidence suggests that CVD risk
factors are influenced by behaviors and exposures that are
embedded in social networks.'"" '? A social network refers to
the structure of an individual’s interpersonal relationships and
social interactions, both in terms of quality and quantity.'* The
individuals that comprise a given social network are sources of
social support, resources, and information. They influence
health behaviors and decisions through the social norms that
exist within social networks.'?'* Network theorists have pro-
posed two main processes through which social networks
facilitate spread of health behavior: contagion and homophily.
The contagion theory posits that the networks in which people
are embedded influence behavior over time, while the
homophily theory proposes that a person’s network develops
by self-selection based on similar behavioral characteristics.
Through these processes, behavioral norms are spread and
contribute to the development of healthy and unhealthy be-
haviors associated with CVD risk factors.

A large body of literature has investigated social network
influences on health behaviors including smoking and alcohol
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misuse.'>'® These behaviors contribute to the development of
risk factors that lead to incident cardiovascular events (e.g.,
stroke, heart disease, congestive heart failure). Findings have
been mixed in demonstrating direct associations between so-
cial networks and incident cardiovascular events.'' "
Some studies show smaller social networks are associated
with increased risk of incident stroke and heart disease, while
other studies fail to demonstrate statistically significant asso-
ciations or show inconsistent findings.'" '® ' Findings for
obesity consistently show spread of obesity within networks,
demonstrating strong evidence of social network influence.'*
20. 21 Stydies have also investigated social networks in
healthcare contexts and have demonstrated that social net-
works can influence healthcare information exchange, deci-
sion-making, and health behavior.**?* Griffiths et al. (2012)
found that healthcare-related social networks encouraged
greater health information exchange among patients regarding
clinical diagnosis, treatment, and experiences with providers.
A similar study found that social networks influenced patients
to take a more active role in their health,? and that individuals
often seek healthcare advice from other network members,>®
including family contacts.”** *” This body of evidence has led
to innovative uses of social networks to positively influence
health behaviors and diffuse healthcare information.'* 2% %°
Results from studies utilizing social network—based interven-
tions vary in demonstrating success in positively influencing
health and healthcare behaviors. Among studies with statisti-
cally significant findings, effect sizes were modest.' 29731
Though mixed, the body of evidence on the utility of social
network phenomena in changing health behavior suggests
potential and the need for further research. To date, there have
been few social network studies conducted in the Caribbean.
Our literature search identified two studies. One study exam-
ined the relationship between network structures and injection
drug use in Puerto Rico and another examined social network
relationships to understand co-management of fisheries.** >
Few studies have examined how interpersonal relationships
and social networks are tied to CVD risk factors that are
prevalent and pose burden to the region.

Given the evidence on social networks and health, increas-
ing prevalence of CVD risk factors, and paucity of evidence in
the Caribbean, we leveraged data from the Eastern Caribbean
Health Outcomes Research Network Cohort Study (ECS) to
examine social network phenomena. The purpose of this study
was to assess characteristics of networks and determine wheth-
er network characteristics are associated with risk factors that
are implicated in prevalent CVD outcomes in the region.' > %
3435 This study expands prior work in two important ways:
(1) restricting social networks to persons with whom health
matters are discussed to explore the concept of a “health
network,” and (2) examining associations between health
network characteristics and prevalent CVD risk factors not
previously explored. We refer to health networks from here on,
instead of social networks, which we define as relationship
structures within broader social networks that are defined

according to or based on health and health matters. We ex-
plored this concept across four island sites that comprise the
ECS cohort.

METHODS
Data Source and Study Sample

Data from the ECS were used to address the study aims. The
ECS is an ongoing longitudinal cohort study conducted across
four Caribbean sites: the U.S. Virgin Islands, Puerto Rico,
Trinidad and Tobago, and Barbados. The study aims to iden-
tify novel risk and protective factors for non-communicable
diseases, including cardiovascular disease, diabetes, and can-
cer, in the Eastern Caribbean region. Between 2013-2018,
stratified multi-stage random sampling was used to empanel
the ECHORN cohort (N=2957) in Barbados, Trinidad, and
Puerto Rico, and random digit sampling was used in the U.S.
Virgin Islands of St. Thomas and St. Croix. Eligible partici-
pants were English or Spanish-speaking community-dwelling
adults 40 years of age and older, who were residents of the
island for at least 10 years, and who intended to live on-island
for the next 5 years. At baseline, participants completed a
survey including self-reported measures of lifestyle factors,
health outcomes, medical history, and demographic character-
istics. In addition, a brief health network questionnaire was
administered to all participants. Participants also underwent a
clinical examination during which blood pressure and anthro-
pometric measurements, ECG, blood and urine samples, and
medication information were collected. Participants with com-
plete, self-reported baseline data and health network questions
were included in the current analyses (7 = 1989).

Health Network Characteristics

Health networks were examined from participant (referred to
as “ego”) self-report or an egocentric point of view. An ego-
centric method of examining network characteristics is one in
which information is obtained from the ego’s perspective
about his/her health contacts (referred to as “alters”). This
approach contrasts a sociocentric approach in which informa-
tion is obtained from everyone in a defined group (i.e., egos
and alters). An egocentric approach was used since investiga-
tors were interested in examining how personal health net-
works influence the “ego’s” health and health behavior. A
brief questionnaire was administered to egos during survey
intake for the ECHORN baseline survey. Egos were asked to
name and describe persons who comprised their health net-
work. The following name generator questions were used to
identify participants’ health network members:

1. Name three to five people with whom you talk to about
health information

2. Name three to five people whose opinions on healthcare
matter to you
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3. Name three to five people you would trust to make a
healthcare decision if you were unable to

For each alter, participants provided information on the age,
sex, occupation, length of time they have known the alter, type
of relationship, residence, and perceived health of each alter in
their health network. Health network characteristics were cal-
culated as means or proportions for inclusion in analyses.
Network characteristics examined in these analyses included
(1) mean age of the health network; (2) proportion of network
of the same sex; (3) proportion of women; (4) proportion of
network members known >20 years; (5) mean difference in
age between ego and each alter; (6) proportion of contacts
perceived to be in good or excellent health; (7) proportion of
contacts who live off-island; (8) proportion of contacts with
strong influence or alters who were named for all three name
generator questions; (9) proportion of relationship types; and
(10) average network size.

Covariates

Factors known to be associated with network characteristics
and cardiovascular risk factors (i.e., hypertension, physical
activity, and smoking) were examined.'* '* 2! 23 3¢ Covari-
ates included age, marital status (single, married, divorced/
separated/widowed), body mass index, educational attain-
ment, perceived economic status, and study site. Variables
were self-reported by participants except for body mass index
which was calculated from weight and height collected during
the clinical exam. Educational attainment was measured by
asking participants to report their highest year of school com-
pleted. Responses were collapsed into four categories: (1) less
than high school, (2) high school, (3) some college, and (4)
college and beyond. Perceived economic status was measured
using the Gallop World Poll question®’ that asks participants
to rank their status on a scale from 1 to 10 with 10 being the
richest regarding social status. Responses were categorized as
bottom 25%, middle, and top 25% for inclusion in analyses.

CVD Risk Factors

Risk factors strongly associated with CVD risk were
examined—smoking, physical activity, and hypertension.
Smoking and physical inactivity are major modifiable life-
styles and hypertension is a leading clinical risk factor associ-
ated with CVD in the region and beyond.*® ***! Outcomes
were measured by participant self-report. Smoking was mea-
sured using questions from the Coronary Artery Risk Devel-
opment in Young Adults (CARDIA) Questionnaire** and
categorized as current versus never and past smokers; physical
activity was measured using the WHO Global Physical Activ-
ity Questionnaire®® and categorized as low versus medium/
high activity; and hypertension was defined by participant
self-report and results of blood pressure measurements from
the clinical examination. This included persons with elevated
blood pressure during clinical examination without a history

of hypertension. Hypertension was measured as a binary var-
iable (yes/no) using The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC-7) clinical guidelines.44
Persons with diastolic blood pressure >90 or systolic blood
pressure > 140 were categorized as having hypertension; those
with diastolic blood pressure < 90 and systolic blood pressure
less than 140 were categorized as not having hypertension.

Statistical Analysis

Univariate analyses were conducted to examine frequen-
cies and distributions of health network variables and to
describe the networks of ECS participants. Bivariate anal-
yses were conducted using ¢ tests and chi-squared tests, as
appropriate, to determine variables for inclusion in multi-
variate models for each outcome. Multicollinearity be-
tween variables was also assessed. The proportion of same
sex contacts was correlated with participant age and was
therefore not included in multivariate analyses. Separate
logistic regression models were performed for each out-
come to examine associations with health network char-
acteristics. All health network variables were included in
descriptive analyses; however, multivariate analyses were
restricted to those variables that were statistically signifi-
cant in the bivariate analyses or have been found to be
associated with our outcomes in prior research.*> Final
analyses included data for 1989 ECS participants who
had complete health network and risk factor data. Partic-
ipants with missing data on key study variables (n =986)
were excluded from the current analyses.

The ECS study was approved by the Yale University Hu-
man Subjects Investigation Committee, the Institutional Re-
view Boards of the University of Puerto Rico Medical Sci-
ences Campus, the University of the Virgin Islands, the Uni-
versity of the West Indies Cave Hill Campus, and the Ministry
of Health of Trinidad and Tobago. The current analysis was
approved by the Data Access and Scientific Review Commit-
tee of the ECS.

RESULTS
Participant Characteristics

Most participants were between the ages of 50 and
69 years and 68% were women (Table 1). Thirty-five
percent of participants had less than a high school educa-
tion and 51% perceived themselves as having middle
economic status. Forty-one percent of participants report-
ed being married or single.

Table 1 also describes characteristics of participants’ health
networks. Health networks mainly comprised family members
(49%) followed by friend (23%), and partner/spouse (11%).
Seven percent of health network contacts were healthcare
professionals, most of whom were physicians and the
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Table 1 ECHORN Participant Demographics

Participant characteristics Total (n=
1989)
Age - mean, SD 57.1 10.4
Sex (n, %)
Female 1342 67.5
Marital status (n, %)
Single 819 41.2
Married 809 40.7
Divorced/separated 213 10.7
Widowed 148 74
Education (n, %)
Less than high school 696 35.0
High school 491 24.7
Some college 437 22.0
College+ 365 18.4
Current perceived economic status (1, %)
Bottom 25% 487 24.5
Middle 1023 514
Top 25% 479 24.1
Health network characteristics
Number of contacts - mean, SD 4.1 1.9
Mean age of contacts - mean, SD 51.1 9.6
Difference in age with contacts - mean, SD 6.0 11.8
Percent same sex - mean, SD 59.6 29.0
Percent of contacts with good to excellent health - 737 299
mean, SD
Number of contacts who live off-island - (n, %)
0 1556  78.2
1+ 433 21.8

Percent of contacts with strong influence - mean, SD  32.7  37.1
Percent of contacts known over 20 years - mean, SD  72.4 27.9
Percent of contacts -relationship type - mean, SD

Family 489 298
Friend 23.0 268
Partner 11.3 17.4
Health provider 6.7 15.1
Associate 3.7 11.8
Other 6.3 17.5

remainder of networks comprised “associates” and “others.”
Sixty percent of egos’ health contacts were women and the
mean age of contacts was 51 years +10. Health networks
comprised 4 +2 alters on average. Seventy-four percent of
named health contacts were perceived to be in good to excel-
lent health. Twenty-two percent of health contacts named by
participants did not reside in the same island site. Most health
contacts were known by participants for 20 or more years on
average.

Table 2 presents frequencies for hypertension, physical
inactivity, and smoking. Fifty-nine percent of participants
reported having hypertension, 45% reported not engaging in

Table 2 Prevalence of Cardiovascular Risk Factors in the
ECHORN Cohort

Outcome n %o
Hypertensive
No 823 41.4
Yes 1166 58.6
Current smoker
No 1848 92.9
Yes 141 7.1
Moderate to high physical activity
No 893 44.9
Yes 1096 55.1

moderate to high physical activity, and 7% of participants
reported being smokers.

Bivariate and Multivariate Results

Bivariate results (Table 3) showed that health network size,
mean age of health contacts, and mean difference in age with
health contacts was significantly associated with outcomes.
Results for age, marital status, and educational attainment
showed statistically significant associations with outcomes.
After adjustment for demographic covariates (Table 4), health
network characteristics were no longer associated with hyper-
tension and smoking outcomes. The association between
health network size and physical activity remained after ad-
justment (OR =1.07, CI 1.01-1.14). The inclusion of each
additional contact in a health network is associated with 10%
greater odds of being physically active.

Other health network characteristics were not significantly
associated with physical activity. Age, gender, educational
attainment, and marital status were associated with outcomes
(data not shown). Age was positively associated with hyper-
tension for persons between 50 and 59 years (OR =1.65, CI
0.95-2.86); men had greater odds of smoking (OR =2.54, CI
1.80-3.58) and being physically active (OR =1.82, CI 1.50-
2.21) compared with women, and persons who were widowed
had increased odds of hypertension (OR =2.94, CI 1.94-4.46)
and lower odds of physical activity (OR = 0.48, CI 0.33-0.68)
compared with those who were single. Persons with college
education had decreased odds of hypertension (OR =0.55, CI
0.42—0.71) and increased odds of physical activity (OR = 0.76,
CI 0.59-0.98) compared with those with less than a high
school education.

DISCUSSION

Our findings demonstrate the potential merit of “health net-
works” based on the theory that individuals have networks
embedded in larger networks that serve different purposes and
have varied levels of influence regarding health.*® 7 This
study examined associations between health network charac-
teristics and CVD risk factors in Caribbean contexts, which
has not previously been done to our knowledge. Our study
findings demonstrated a weak yet statistically significant as-
sociation between network size and physical activity. Specif-
ically, persons with larger health networks had an increased
odds of being physically active. We compared our results to
findings from studies of social networks in the absence of a
body of literature on health networks. Consistency with prior
literature focused on network size and health-related outcomes
was mixed. Baek et al. (2016) found that having a large
network was associated with decreased odds of hypertension
among older Korean men.*® More recent evidence from
Marquez et al. (2018) showed larger networks were associated
with increased moderate to vigorous exercise.*” While mech-
anisms that explain this association are still under-theorized,
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Table 3 Unadjusted Odds of Being Hypertensive, Current Smoker, and Physically Active by Characteristics

Hypertensive Current smoker Physically active
Unadjusted Unadjusted Unadjusted
OR 95% CI p value OR 95% CI p value OR 95% CI p value
Age
4049 Reference Reference Reference
50-59 1.65 095 286 0.074 095 036 253 0912 0.88 0.52 1.50  0.647
6069 1.81 1.08 3.03 0.026 1.00 039 255 1.000 099 0.59 1.64 0964
70+ 195 0.62 6.15 0256 041 0.05 334 0405 0.65 0.22 1.93 0435
Male 1.06 0.87 128 0579 254 1.80 3.58 <0.0001 1.82 1.50 221  <0.0001
Marital status
Single Reference Reference Reference
Married .11 092 136 0279 038 025 057 <0.0001 1.04 0.85 1.26  0.702
Divorced/separated 127 094 173 0.126 064 036 1.13 0.122 1.01 075 1.37  0.939
Widowed 294 194 446 <0.001 023 0.08 0.65 0.005 048 033 0.68 <0.001
Education
Less than high school Reference Reference Reference
High school 0.75 059 095 0.017 0.62 038 099 0.046 1.17 092 1.48 0.197
Some college 082 0.64 1.04 0.104 1.08 071 1.65 0.729 085 0.67 1.08 0.172
College+ 055 042 0.71 <0.001 0.57 033 098 0.044 0.76  0.59 0.98 0.037
Current perceived economic
status
Bottom 25% Reference Reference Reference
Middle 098 079 122 0.835 0.63 043 095 0.025 097 0.78 121 0.814
Top 25% 1.03 080 1.33 0.808 0.75 047 119 0.226 0.87 0.68 1.12 0.283
Health network characteristics
Number of contacts 098 093 1.02 0.340 087 0.78 095 0.004 1.08 1.03 1.13  0.003
Mean age of contacts 1.02 101 1.03 <0.001 099 097 1.01 0.152 099 098 1.00  0.015
Difference in age with contacts 1.04 103 1.05 <0.001 1.00 098 1.01 0.624 0.99 099 1.00  0.044
Percent same sex 1.00  1.00 1.01 0.248 099 099 1.00 0.008 1.00  0.99 1.00  0.004
Percent of contacts with good to 1.00 099 1.00 0.025 1.00 099 1.00 0.524 1.00  1.000 1.01 0.082
excellent health
Number of contacts who live
off-island
0 Reference Reference Reference
1+ 097 078 120 0.754 072 046 1.14 0.158 1.07 0.86 132 0.556
Percent of contacts with strong 1.00 1.00 1.00 0.730 1.00 1.00 1.01 0.625 1.00  1.00 1.00  0.011
influence
Percent of contacts known over 1.01 1.01 1.0l <0.001 1.00 099 1.00 0.468 1.00  0.99 1.00  0.108
20 years
Percent of contacts - relationship type
Family 1.00  1.00 1.01 0.008 1.00  1.00 1.01 0.543 1.00  1.00 1.00  0.123
Friend 1.00 099 1.00 0.107 1.00  1.00 1.01 0.765 1.00  1.00 1.01  0.013
Partner 1.00  1.00 1.01 0.650 1.00 098 1.01 0.447 1.00  0.99 1.01  0.752
Health provider 099 099 1.00 0.001 1.00 099 1.01 0.589 1.01  1.00 1.01  0.025
Associate .00 099 1.00 0.381 1.00 098 1.01 0.696 1.00  0.99 1.01  0.763
Other 1.00  1.00 1.01 0.166 1.00 099 1.01 0973 099 0.99 1.00  0.001

some evidence suggests that larger networks provide greater
social support by increasing opportunities and tangible/
instrumental support that promote physical activity.**>' Larg-
er network sizes have also been shown to facilitate mirroring
or aspirations related to body size and exercise.’! Larger
networks provide emotional support that is associated with
health screening and diagnosis.”** > Contrasting our study
findings, other studies show that larger social networks do
not precipitate health-promoting behavior. Studies show that
egos who have a high proportion of network members who
smoke are more likely themselves to smoke."" >* Similarly,
egos who have a larger number of physically active or obese
network members are more likely to be active or obese them-
selves.'> 3% %3

To date, few studies have examined network phenomenon
in Caribbean contexts.** **> Our findings showed that health

networks were primarily comprised of family members and
not physicians or health professionals as hypothesized. This
illustrated the more prominent role that family contacts play in
health networks compared with healthcare providers. This is
the first known study to examine network phenomena and
health in the region.

We acknowledge limitations in conducting our study. First,
our egocentric approach to examine health network character-
istics precludes the ability to verify egos’ perceptions with
their named health contacts (i.e., alters). Therefore, it is possi-
ble that egos’ perceptions of health are inaccurate. We hypoth-
esize that the possibility of inaccurate perceptions is minimal
given small geographic context of research sites, high propor-
tion of family in networks, and length of time that egos
reported knowing contacts. Other limitations include the in-
ability to examine or adjust for frequency of contact with
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Table 4 Adjusted* Odds of Being Hypertensive, Current Smoker, and Physically Active by Social Network Characteristics

Hypertensive Current smoker Physically active
Adjusted Adjusted Adjusted
OR 95% CI1 P OR 95% CI1 P OR 95% CI p
value value value
Health network characteristics
Number of contacts 098 093 1.05 0.618 088 0.78 1.00 0.045 1.07 1.01 1.14 0.026
Mean age of contacts 1.00 099 1.01 0464 099 097 1.01 0211 099 098 1.00 0.232
Percent same sex 1.00  1.00 1.00 0.994 1.00 099 1.01 0.525 1.00  1.00 1.00 0.785
Percent of contacts with good to excellent 1.00 099 1.00 0.010 1.00 099 1.00 0.356 1.00  1.00 1.01 0.064
health
Number of contacts who live off-island
0 Reference Reference Reference
1+ 090 0.71 1.16 0418 088 054 143 0.599 1.04 0.82 131 0.766
Percent of contacts with strong influence 1.00  1.00 1.00 0978 1.00 099 1.00 0372 1.00 1.00 1.00 0.139
Percent of contacts known over 20 years 1.00  1.00 1.01 0.349 1.00 099 1.01 0.863 1.00 1.00 1.00 0.771
Percent of contacts -relationship type
Family 1.00 099 1.01 0.562 1.01 099 1.02 0577 1.00  1.00 1.01 0473
Friend 1.00 099 1.01 0944 1.00 099 1.02 0.646 1.01  1.00 1.01 0204
Partner 1.00 099 1.01 0.565 1.00 098 1.02 0.940 1.01 1.00 1.02 0224
Health provider 1.00 099 1.02 0431 1.00 098 1.02 0.844 1.00 099 1.01 0.957
Associate Reference Reference Reference
Other 1.00 099 1.01 0.407 1.01 099 1.02 0.593 1.00 099 1.01 0.538

*adjusted for age, gender, marital status, education, and current perceived economic status

health network members. It is possible that the lower prevalence
of smoking observed in our study compared with others in the
region may reflect underreporting. However, we believe that our
estimate is likely explained by differences in the age of our study
population compared with other studies. Most in-region estimates
are based on younger study populations (e.g., 13 and older)*® °’;
therefore, the lower smoking prevalence we observed may truly
reflect prevalence among those 40 and older. Further, our esti-
mate (7.1) is similar to estimates observed in the 2015 study that
included persons 35 and older.”® Our measure of physical activity
may be subject to biases shown to be associated with self-
reported physical activity.”® ® Future work will seek to examine
associations using objective measures of physical activity. Final-
ly, it is possible that name generation questions performed differ-
entially across participant demographic characteristics. This may
have resulted in differential interpretation and responses. How-
ever, this is unlikely, given the variation in the health contacts that
were named. Further, name generator questions are designed in a
manner to reduce the potential for participants to be influenced.

Though many health network characteristics (except net-
work size) were not significantly associated with health out-
comes examined in this study, evidence suggests there is
promise in leveraging networks to modify health behaviors.
Findings on the benefit of network approaches for health
behavior intervention are mixed, however there is some evi-
dence to suggest utility of network approaches to increase
healthful behaviors.>"” 2> ** ©'"%* Given the resource limited
contexts, health network ties could serve as an important
source of health information and resources.®* The identifica-
tion of health network approaches to promote health in the
region could have immeasurable benefit. Our future work will
explore other health behaviors and outcomes in Caribbean
contexts to determine how health networks can be leveraged

to promote healthy behaviors and identify health behaviors
that are most amenable to network approaches.
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