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A B S T R A C T   

Purpose: Social support may have benefits on cardiovascular health (CVH). CVH is evaluated using seven important metrics (Life’s Simple 7; LS7) established by the 
American Heart Association (e.g., smoking, diet). However, evidence from longitudinal studies is limited and inconsistent. The objective of this study is to examine 
the longitudinal relationship between social support and CVH, and assess whether psychosocial risks (e.g., anger and stress) modify the relationship in a racially/ 
ethnically diverse population. 
Methods: Participants from three harmonized cohort studies – Jackson Heart Study, Mediators of Atherosclerosis in South Asians Living in America, and Multi-Ethnic 
Study of Atherosclerosis – were included. Repeated-measures modified Poisson regression models were used to examine the overall relationship between social 
support (in tertiles) and CVH (LS7 metric), and to assess for effect modification by psychosocial risk. 
Results: Among 7724 participants, those with high (versus low) social support had an adjusted prevalence ratio (aPR) and 95% confidence interval (CI) for ideal or 
intermediate (versus poor) CVH of 0.99 (0.96–1.03). For medium (versus low) social support, the aPR (95% CI) was 1.01 (0.98–1.05). There was evidence for 
modification by employment and anger. Those with medium (versus low) social support had an aPR (95% CI) of 1.04 (0.99–1.10) among unemployed or low anger 
participants. Corresponding results for employed or high anger participants were 0.99 (0.94–1.03) and 0.97 (0.91–1.03), respectively. 
Conclusion: Overall, we observed no strong evidence for an association between social support and CVH. However, some psychosocial risks may be modifiers. 
Prospective studies are needed to assess the social support-CVH relationship by psychosocial risks in racially/ethnically diverse populations.   

1. Introduction 

Despite the significant declines in cardiovascular disease (CVD) 
mortality in the United States (U.S.), CVD remains one of the leading 
causes of death (Virani et al., 2020). Age-adjusted prevalence and 
mortality rates for CVD differ by race and ethnicity in the U.S., where 

African American adults and some Asian adult subgroups (e.g., South 
Asians) have a higher CVD mortality than White non-Hispanic adults 
(CDC. Health United States Spotlight, 2019; Jose et al., 2014; Ritchey 
et al., 2018; Virani et al., 2020). Among Hispanics, the overall CVD 
prevalence and mortality rates are lower than non-Hispanic adults; 
however, Hispanic adults are more likely to be hospitalized due to CVD 
and are younger at the age of death relative to other groups (Balfour 
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et al., 2016; Vivo et al., 2009). Thus, reducing CVD incidence/mortality 
and the related racial/ethnic disparities are a significant public health 
concern. 

Preventing CVD and reducing racial/ethnic disparities are a national 
priority of the U.S. Department of Health and Human Services through 
the continued emphasis on increasing overall cardiovascular health 
(CVH) and promoting healthy behaviors to reduce CVD risk (HP. 
Washington, 2020HP. Washington). Further, the American Heart Asso-
ciation (AHA) has continued to highlight a national goal to reduce CVD 
mortality and improve CVH in all Americans by 2030 (HP. Washington, 
2020HP. Washington; Lloyd-Jones et al., 2010). The burden of CVD has 
been attributable to several behavioral and health risk factors that are on 
mediating pathways to CVD (Global Burden of Cardiovascular Diseases 
et al., 2018). Using these factors, the AHA proposed Life’s Simple 7 (LS7) 
as a composite measure to evaluate CVH (Lloyd-Jones et al., 2010). The 
LS7 scores bio-behavioral metrics including smoking, physical activity, 
diet, body mass index (BMI), blood pressure, total cholesterol, and 
fasting glucose (Lloyd-Jones et al., 2010), with specific cut-points to 
indicate poor, intermediate, or ideal CVH. 

In addition to behavioral factors, psychosocial factors, such as 
resilience resources, may potentially improve CVH. Resilience is the 
ability of individuals to overcome adversities and positively adapt to 
reduce the negative effects of adversities on physical health (Luthar 
et al., 2000; Masten & Obradovic, 2006). The Reserve Capacity Model 
posits that resilience resources, i.e., the reserve capacity an individual 
may possess, can attenuate the harmful effects of adversities, such as 
stressors, on adverse CVH outcomes through indirect behavioral path-
ways (Park et al., 2021). Resilience may have positive effects on physical 
health through social (e.g., stress buffering), psychological (e.g., ap-
praisals, which influence an individual’s subjective evaluation of an 
event and lead to a reaction), and behavioral (e.g., health-promoting 
behaviors) mechanisms (Cohen, 1988; Uchino, 2006). Moreover, resil-
ience is a dynamic process where individuals may draw upon resources 
from multiple levels, such as the individual, interpersonal, or 
neighborhood-level (Dulin et al., 2018). 

Social support is an example of an interpersonal-level resilience 
resource that may be associated with lower adverse cardiovascular 
outcomes (Barth et al., 2010; Freak-Poli et al., 2021; Ikeda et al., 2008; 
Park et al., 2021; Uchino, 2006; Uchino et al., 2018). A potential 
mechanism through which social support may buffer the harmful effects 
of stressors on CVH (Cohen et al., 2001; Kamarck et al., 1990; Uchino & 
Garvey, 1997) and decrease CVD morbidity and mortality (Uchino et al., 
2011) is by providing informational, instrumental (i.e., tangible good-
s/services/aid), or emotional (i.e., caring, empathy, trust) resources that 
may promote positive adaptive responses to acute or chronic stressors 
(e.g., psychosocial risks). Thus, social support may be a potential 
intervention target to improve CVH. 

While prior research is informative, there are some limitations. Of 
the studies on the relationships between social support and LS7, most 
examine individual metrics of LS7, such as obesity or blood pressure 
(Johnson et al., 2014; Resnick et al., 2002; Walker et al., 2006; Yang 
et al., 2015, 2016). Few studies examine the combined LS7 metrics, 
which is the preferred method of assessing CVH compared to the indi-
vidual metrics, because the composite LS7 score can substantially in-
crease (or reduce) the risk for CVD and captures the cumulative impact 
of behavioral and health risk factors on CVD risk comprehensively (Fretz 
et al., 2018). Additionally, psychosocial risks, defined as psychological 
or social factors that negatively impact physical health (Martikainen 
et al., 2002), may be experienced disproportionately in different racia-
l/ethnic groups. It is expected that resilience resources may be most 
beneficial in reducing or preventing adverse CVH outcomes in the 
presence of adversities (e.g., psychosocial risks). Thus, the levels of 
psychosocial risk experienced may modify the relationship between 
social support and CVH. Past research indicates that psychosocial factors 
are important to address to reduce or prevent CVD risk or improve CVH 
(Everson-Rose & Lewis, 2005; Okereke & Manson, 2017). However, 
most social support literature in the context of CVH does not examine 
psychosocial risks as potential effect modifiers. Further, there is a lack of 
longitudinal studies on social support and LS7. 

Therefore, this study examines whether social support is associated 
longitudinally with CVH measured by LS7. We also examine if multilevel 
psychosocial risks (i.e., individual, interpersonal, and neighborhood- 
level risks, such as anger, discrimination, and neighborhood depriva-
tion) modify the aforementioned relationship, one at a time, as effect 
modifiers. 

2. Methods 

2.1. Study population 

We used harmonized data of prospective observational studies of 
adults from three CVD cohorts in the U.S., including the Jackson Heart 
Study (JHS), the Mediators of Atherosclerosis in South Asians Living in 
America (MASALA) study, and the Multi-Ethnic Study of Atherosclerosis 
(MESA). Briefly, these studies: 1) enrolled adults ages 21–95 years 
(JHS), 45–84 years (MESA), or 40–79 years (MASALA) at the start of the 
study, 2) focused on CVD, 3) included information on biological, 
behavioral, and psychosocial factors, (including measures on risk and 
resilience), and 4) measured LS7 metrics. JHS enrolled 5306 African 
American participants residing in the Jackson, Mississippi area, and the 
first exam was conducted during 2000–2004 with follow-up exams held 
every 5 years (Taylor et al., 2005). MASALA enrolled 906 South Asian 
adults without a history of CVD from the San Francisco Bay and Chicago 
areas in the first exam during 2010–2013, and follow-ups from 2015 to 
2018. (Kanaya et al., 2019). MESA enrolled 6814 White, African 
American, Asian (mainly Chinese American), and Hispanic participants 
without a history of CVD from 6 different sites (New York (NY), Balti-
more (MD), Chicago (IL), Los Angeles (CA), Minneapolis-St. Paul (MN), 
and Winston-Salem (NC)) and the first exam occurred during 
2000–2002. Follow-up exams for the first five exams spanned 10 years 
(Bild et al., 2002). Data from JHS Exams 1–3, MASALA Exams 1–2, and 
MESA Exams 1–5 were harmonized. Data harmonization involved 
examining and applying methods to combine measures/constructs 
across cohorts via direct (e.g., age and sex/gender) and indirect (e.g., 
social support using item-to-item matching) harmonization (Pluijm 
et al., 2005). Harmonized variables were examined using psychometric 
analyses (e.g., confirmatory factor analysis) (Bentler, 1990) to deter-
mine their performance. 

Each cohort study protocol was approved by the Institutional Review 
Board (IRB) at the participating institutions of the three cohorts (JHS, 
MASALA, and MESA) and all study participants provided written 
informed consent. The secondary analysis of the data analyzed in this 
paper was approved by the IRB at the university of the first author. 

List of acronyms 

AHA American Heart Association 
aPR adjusted prevalence ratio 
BMI body mass index 
CI confidence interval 
CVD cardiovascular disease 
CVH Cardiovascular health 
IRB Institutional Review Board 
JHS Jackson Heart Study 
LS7 Life’s Simple 7 
MASALA Mediators of Atherosclerosis in South Asians Living in 

America 
MESA Multi-Ethnic Study of Atherosclerosis 
PR prevalence ratio; U.S. = United States  
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2.2. Measures 

The exposure variable was time-fixed social support measured at 
Exam 1. Social support was assessed using the Interpersonal Social 
Support Evaluation List in JHS (Payne et al., 2012) and Social Support 
Inventory in MESA and MASALA (Mitchell et al., 2003). Since different 
social support scales were used, a subset of similar items was identified 
and harmonized indirectly (via item-to-item matching) across the co-
horts. Specifically, topics of ‘someone to talk to,’ ‘someone to give 
advice,’ ‘someone to be there emotionally,’ and ‘someone to help with 
chores’ were summed, and the means of the sum were standardized onto 
a 0–1 scale. The median harmonized social support scores were similar 
across the three cohorts: 0.83 in JHS, 0.81 in MASALA, and 0.75 in 
MESA. The harmonized social support scale demonstrated acceptable 
internal consistency (Cronbach’s alpha = 0.79) during our psychometric 
analysis of the harmonized measures. The harmonized social support 
variable was classified into tertiles in the analysis. 

The outcome variable was an indicator for ideal or intermediate 
versus poor CVH using the LS7 metrics. We combined the ideal and 
intermediate CVH categories due to small sample size across the three 
cohorts (i.e., 6.6% (n = 512)) in the ideal CVH category. The complete 
set of LS7 metrics from self/proxy-report and/or physical examinations 
were collected during JHS Exam 1, MASALA Exams 1–2, and MESA 
Exams 1 and 5. A score of 0, 1, or 2 was assigned to poor, intermediate, 
or ideal levels of each LS7 metric, respectively, and combined scores 
between 0 and 7, 8–11, or 12–14 were used to categorize poor, inter-
mediate, or ideal CVH, respectively (Hernandez et al., 2015). A detailed 
description of the scoring method for each LS7 metric has been noted 
elsewhere (Brewer et al., 2018; Lloyd-Jones et al., 2010; Ogunmoroti 
et al., 2017). 

Potential confounding variables included age (continuous), sex/ 
gender (female/male), race or ethnicity (African American/White non- 
Hispanic/Asian/Hispanic), geographical region (West/South/Mid-
west/Northeast), nativity (U.S.-born/other), marital status (married/ 
never married, separated, divorced, widowed), self-rated health (good/ 
not good), health insurance type (public or private/none), participant 
history of CVD (yes/no), and family history of CVD (yes/no). All con-
founding variables were time-fixed, self-reported at Exam 1 and, were 
considered potential sources of selection bias due to study exclusions 
and censoring due to dropout. 

Potential effect modifiers included the following psychosocial risks: 
anger, depressive symptoms, chronic stress, education, employment, 
income, discrimination, neighborhood deprivation, and neighborhood 
safety. These risks were included because they are established risk fac-
tors for CVD, and may modify the relationship between social support 
and CVH (Boehm et al., 2018; Everson-Rose & Lewis, 2005; Lewis et al., 
2014; Rozanski et al., 1999). Anger was harmonized using the Spiel-
berger State-Trait Anger Expression Inventory, specifically the 
State-Trait for MASALA/MESA, which measured anger as a personality 
trait, and Anger-Out for JHS, which measured anger as a dynamic 
expression. Although these are different components of the measure, 
both anger scales were associated with CVD and were harmonized and 
categorized into tertiles (Spielberger et al., 1983). Depressive symptoms 
were measured using the Center for Epidemiologic Studies-Depression 
(CES-D) scale, and a score of 16 was used to determine a binary 
depressive symptoms variable (Radloff, 1977). Perceived chronic stress 
was measured by summing items related to stress from medical prob-
lems, job, finances, and relationships from the Global Perceived Stress 
Scale in JHS and Chronic Burden scale in MESA/MASALA, and catego-
rized as tertiles (Troxel et al., 2003). Variables for educational attain-
ment (less than high school, high school or some college, college degree 
or higher) and family income (adjusted to the U.S. dollar in the year 
2000 to account for inflation during different study periods; $0-$19,999, 
$20,000-$49,999, $50,000 or more) were considered as three-level 
categorical variables. Employment status was a binary variable 
comparing employed at least part-time and unemployed. Perceived 

discrimination was assessed using the Everyday Discrimination Scale 
(Williams et al., 1997) and treated as tertiles. Tertiles of neighborhood 
deprivation was assessed by using the principal component factor 
analysis scores of neighborhood-level (or census-tract level) SEP mea-
sures, such as education, income, and employment; higher scores indi-
cated lower neighborhood deprivation (Diez Roux et al., 2001). 
Neighborhood safety was a binary variable created from a 1-item 
neighborhood safety from crime question (safe/not safe). All psycho-
social risk measures were self-reported at Exam 1 and were also 
considered as potential confounding variables and sources of selection 
bias due to study exclusion and censoring due to dropout; as such, they 
were included in all outcome models to adjust for confounding and se-
lection bias. 

2.3. Statistical analysis 

Harmonized data from JHS Exam 1, MASALA Exams 1–2, and MESA 
Exams 1 and 5 were analyzed. Cohort exams that did not measure the 
outcome (i.e., complete LS7) by study design were excluded from the 
analysis. Among JHS, MASALA, and MESA participants (N = 13,284), 
participants were excluded if they had no social support assessment, no 
measures for potential confounders, sources of selection bias, or effect 
modifiers, or no CVH outcome during the relevant follow-up period. 

We created a new variable, ‘visit,’ to reflect equal time intervals (6- 
years) of follow-up time because follow-up times in years were different 
between exams within and across cohorts. So, we created two visits for 
our analysis. If a participant had more than one observation (i.e., exams 
with outcome assessment) within the same visit, we took the furthest 
observation as our visit; thus, there was a maximum of one observation 
per visit per participant. However, outcome assessments that were 
concurrent with the exposure assessment were still included in the first 
visit. Participants were censored at the second visit due to missing 
outcome assessment or death during follow-up. We considered death 
during follow-up as a censoring event due to the small proportion of 
death (7.3%) and not as an event that was undefined (Chiba & Van-
derWeele, 2011; Vanderweele, 2011). 

Descriptive statistics (chi-square and Wilcoxon Mann-Whitney tests) 
were used to compare characteristics between included participants and 
those who were excluded at Exam 1. We used a repeated-measures, 
modified Poisson regression model fit using generalized estimating 
equations to estimate prevalence ratios (PRs) for the overall longitudinal 
relationship between social support assessed at Exam 1 and the binary 
CVH outcome assessed during the visits. This model allowed for robust 
variances and accounted for observations clustered within neighbor-
hoods (i.e., census tracts at Exam 1). An independent working correla-
tion structure was chosen in all outcome models (Zou & Donner, 2013). 
The unadjusted regression model included only the time-fixed social 
support and visit variable. Our adjusted model controlled for all 
measured potential sources of confounding and selection bias. The 
continuous age variable was included in the model using restricted 
quadratic splines at the 5th, 35th, 65th, and 95th percentiles (Howe 
et al., 2011). We included social support-visit product terms in both the 
unadjusted and adjusted outcome models to assess the relationship by 
visit. We also fit unadjusted and adjusted outcome models without the 
social support-visit product terms. 

To assess for effect measure modification by the level of psychosocial 
risks, one at a time, we included product terms between social support, 
visit, and the psychosocial risk as relevant in our adjusted model. P- 
values from global chi-squared tests indicated whether at least one of the 
product term coefficients was different from zero. 

To determine if inferences changed, for sensitivity analyses, we refit 
all unadjusted and adjusted models while solely accounting for obser-
vations correlated within individuals. We also performed analyses using 
an exchangeable working correlation structure. Last, we conducted 
cohort-specific analyses. 

In accordance with the recent literature on significance and 
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hypothesis testing (Amrhein et al., 2019; Greenland et al., 2016; Was-
serstein et al., 2019), evidence for an overall association or effect mea-
sure modification was interpreted in terms of compatibility with the 
data (i.e., PRs, 95% confidence intervals (CIs), and p-values), and not 
whether the 95% CIs excluded the null or p-values were <0.05. Point 
estimates (i.e., PRs) are the most compatible, and values that lie further 
away from the point estimate are less compatible with the data. All 
statistical analyses were performed using SAS 9.4 (SAS Institute, Inc., 
Cary, North Carolina). 

3. Results 

We included 7724 participants in our analysis sample (Fig. 1). Out of 
the 7724 participants included, 564 participants died during follow-up 
(7.3%) and 4331 were censored administratively (56.1%). Further, 
2829 were censored for other reasons (e.g., missing outcome assess-
ment) (36.6%), which included all JHS participants since they did not 
have CVH outcomes assessed after visit 1. Table 1 compares the char-
acteristics of included participants to those excluded. High social sup-
port levels were reported among 32.1% of the included participants 
compared to 42.3% of the excluded. The included participants’ median 
(25th – 75th percentile) age was 59 years (; ; 51-68) compared to 53 
years (; ; ; 44-63) among the excluded participants. Most included 

participants were female (54.7%), African American (40.1%), born in 
the U.S. (72.2%), married (63.0%), reported good self-rated health 
(88.0%), and had private or public health insurance (91.0%). Most 
included participants reported a family history of CVD or stroke 
(56.3%), and no self-reported history of CVD or stroke (98.6%). Also, 
most included participants had a high school or higher education, were 
employed full- or part-time, had an annual income greater than $50,000, 
were not depressed, and reported safe neighborhoods. 

Table 2 shows the adjusted prevalence ratios (aPR) for ideal or in-
termediate CVH compared to poor CVH by social support levels among 
the included participants. Among participants who had high (versus 
low) social support, the aPR (95% CI) for ideal or intermediate CVH was 
0.99 (0.96–1.03). Among those with medium (versus low) social sup-
port, the aPR (95% CI) was 1.01 (0.98–1.05). When social support and 
visit product terms were added to the outcome models, the findings by 
visit did not change meaningfully compared to findings without the 
product terms. Therefore, subsequent text refers to the results from 
outcome models without the social support-visit product terms. 

Table 3 shows the assessment for effect measure modifications of the 
aPRs by levels of psychosocial risks. The 95% CIs overlapped to some 
extent; however, some psychosocial risks among participants who re-
ported medium (versus low) social support suggested some evidence for 
effect measure modification. Specifically, for participants who reported 

Fig. 1. Flowchart showing the exclusion criteria to identify the 7724 JHS, MASALA, and MESA participants who were included in the primary analysis. 
Abbreviation: CVH = cardiovascular health, JHS = Jackson Heart Study, MASALA = Mediators of Atherosclerosis Among South Asians Living in America, MESA =
Multi-Ethnic Study of Atherosclerosis. 
* Includes all JHS participants who were censored because they did not have CVH outcome measure at visit 2. 
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medium (versus low) social support, the aPR (95% CI) for ideal or in-
termediate (versus poor) CVH among those who were unemployed was 
1.04 (0.99–1.10) compared to 0.99 (0.94–1.03) for those employed at 
least part-time. Also, a positive association among those who reported 
low anger was most compatible with the data (aPR: 1.04, 95% CI: 
0.99–1.10), while those with high and medium anger showed aPR (95% 
CI) of 0.97 (0.91–1.03) and 1.01 (0.96–1.07), respectively. Based on the 
most compatible estimates, other psychosocial risks did not find mean-
ingful support for effect measure modification. Findings by visit were 
similar (See Supplemental Table 1 for effect measure modification re-
sults by visit). 

In sensitivity analyses, our findings did not differ meaningfully from 
the main analyses when we repeated all of the analyses only accounting 
for the within-individual correlation or when using the exchangeable 
working correlation structure. 

Supplemental Table 2 shows the results for the cohort-specific ana-
lyses. Since only JHS Exam 1 data were included in the study, there were 
no estimates shown by visit for JHS. The aPRs for MASALA and MESA 
were similar for both high and medium social support suggesting either 
no association or a small positive association with ideal or intermediate 
CVH, while the findings for JHS suggested a small negative association 
with ideal or intermediate CVH. 

4. Discussion 

This study examined the longitudinal relationship between social 
support and CVH measured using LS7 metrics. We also assessed whether 
this relationship was modified by high, medium, and low levels of 
psychosocial risks. We did not find evidence to support an association 
between greater social support and better CVH. The assessment for effect 
measure modification suggested that some psychosocial risks, such as 
employment status and perceived anger, may modify the relationship 
between social support and CVH. Specifically, participants who reported 
that they were unemployed or had lower anger levels may have better 
CVH outcomes from having a medium level of social support. Further, by 
cohort, MASALA and MESA findings suggested a null or weak positive 
association. For JHS, results indicated a weak negative association; 
however, the 95% CIs included the null, and both a negative and positive 
association for social support and ideal or intermediate (versus poor) 
CVH were compatible with the data. 

Although our study findings generally suggested no strong associa-
tion between social support and CVH, evidence from prior studies has 
been mixed. In one cross-sectional study using the 2007-08 National 
Health and Nutrition Examination Survey (NHANES), lack of social 
support was associated with poor LS7 metrics (Kieu et al., 2020), while a 
review study reported that individuals with better social relationships 
were more likely to achieve or maintain ideal CVH (Cabeza de Baca 
et al., 2018). Other studies have also shown that low social support was 
associated with a greater risk of adverse CVD outcomes (Angerer et al., 
2000; Barth et al., 2010; Berkman et al., 1992; Blazer, 1982; Freak-Poli 
et al., 2021; Ikeda et al., 2008; Rozanski et al., 1999; Uchino et al., 
2018). Conversely, in one study using MESA data, higher social support 
was not associated with incident CVD, and cross-sectional studies among 
Black and Hispanic/Latino adults showed that higher levels of social 
support were not associated with individual LS7 metrics (e.g., BMI, 

Table 1 
Characteristics of measures at JHS, MASALA, and MESA Exam 1 comparing the 
included and excluded participants (i.e., participants with no CVH outcome 
measured at Exam 1).  

Characteristics at Exam 1 Included (n 
= 7724) 

Excluded (n 
= 374) 

P- 
valuea  

N % N %  

Social supportb 

Low 2732 35.4 112 30.0 <0.01 
Medium 2516 32.6 104 27.8 
High 2476 32.1 158 42.3 

Agec in years 59 (; ; 51-68) 53 (; ; ; 44- 
63) 

<0.01 

Sex/Gender 
Female 4228 54.7 230 61.5 0.01 
Male 3496 45.3 144 38.5 

Race or ethnicity 
White non-Hispanic 2288 29.6 0 0 <0.01 
Asian 1081 14.0 15 4.0 
African American 3098 40.1 359 96.0 
Hispanic 1257 16.3 0 0 

Nativity 
Other 2145 28.5 15 2.5 <0.01 
U.S.-born 5579 72.2 359 96.0 

Region 
West 1126 14.6 0 0 <0.01 
South 2508 32.5 359 96.0 
Midwest 2325 30.1 15 4.0 
Northeast 1765 22.9 0 0 

Marital Status 
Never married, separated/divorced, 
widowed 

2862 37.1 163 43.6 0.01 

Married 4862 63.0 211 56.4 
Self-rated healthd 

Not good 925 12.0 120 32.1 <0.01 
Good 6799 88.0 254 67.9 

Health Insurance 
None 694 9.0 69 18.5 <0.01 
Public or Private 7030 91.0 305 81.6 

Self-history of CVD and Stroke 
No 7616 98.6 343 91.7 <0.01 
Yes 108 1.4 31 8.3 

Family history of CVD and Stroke 
No 3372 43.7 165 44.1 0.86 
Yes 4352 56.3 209 55.9 

Education 
College degree or more 3173 41.1 146 39.0 0.73 
High school or some college 3452 44.7 174 46.5 
Less than high school 1099 14.2 54 14.4 

Employment 
Employed (Part/full-time) 4117 53.3 206 55.1 0.50 
Unemployed 3607 46.7 168 44.9 

Income 
$50,000+ 3288 42.6 135 36.1 <0.01 
$20,000-$49,999 2804 36.3 117 31.3 
$0-$19,999 1632 21.1 122 32.6 

Angerb 

Low 2915 37.7 94 25.1 <0.01 
Medium 2507 32.5 70 18.7 
High 2302 29.8 210 56.2 

Depressive symptoms 
No 6660 86.2 273 73.0 <0.01 
Yes 1064 13.8 101 27.0 

Chronic stressb 

Low 3340 43.2 65 17.4 <0.01 
Medium 2600 33.7 125 33.4 
High 1784 23.1 184 49.2 

Discriminationb 

Low 2800 36.3 85 22.7 <0.01 
Medium 2580 33.4 101 27.0 
High 2344 30.4 188 50.3 

Neighborhood deprivationb 

Low 2280 29.5 193 51.6 <0.01 
Medium 2676 34.7 106 28.3 
High 2768 35.8 75 20.1 

Neighborhood safety 
Safe 6186 80.1 213 57.0 <0.01 
Not safe 1538 19.9 161 43.1 

Abbreviations: CVD, cardiovascular disease; CVH, cardiovascular health; JHS, 
Jackson Heart Study; MASALA, Mediators of Atherosclerosis in South Asians 
Living in America; MESA, Multi-Ethnic Study of Atherosclerosis. 

a Pearson’s χ2-test and Wilcoxon-Mann-Whitney test. 
b Tertiles are not 33% due to ties at boundaries and no participants with the 

same value being included in different tertiles. 
c Median (25th percentile-75th percentile). 
d Binary variable for self-rated health was used to indicate ‘Good’ and ‘Not 

good’ categories because different self-rated health measures across JHS, MESA, 
and MASALA studies were harmonized. 

J.W. Park et al.                                                                                                                                                                                                                                 



SSM - Population Health 20 (2022) 101284

6

cholesterol, and blood pressure) (Hernandez et al., 2014, 2018). Evi-
dence from a systematic review of prospective observational studies 
among participants with CVD suggested a positive association between 
higher social support and better clinical CVD outcomes (Hemingway & 
Marmot, 1999); however, conflicting evidence also exists (Lett et al., 
2007). Interestingly, studies conducted in Europe have shown, in gen-
eral, stronger associations between social support and CVD outcomes 
compared to studies conducted in the U.S (Hemingway & Marmot, 
1999). Further, there have been inconsistent findings regarding gender 
differences in the relationship between social support and CVD out-
comes; i.e., some studies suggest stronger associations among men 
(Hemingway & Marmot, 1999; Hu et al., 2021) while others suggest 
women may benefit more from social support (Leifheit-Limson et al., 
2010; Low et al., 2010). Thus, findings for the relationship between 
social support and CVH and incident CVD are mixed and may contrast 
with theories and conceptual frameworks suggesting favorable health 
benefits of increased social support on CVH outcomes (Cohen & Wills, 
1985; Uchino, 2006). 

For our effect measure modification assessments, the point estimates 
and 95% CIs overlapped considerably for most psychosocial risks, sug-
gesting that they did not contribute to meaningful differences in the 
social support-CVH relationship. However, there was some evidence of 
effect measure modification by employment status and anger. Specif-
ically, our findings showed that medium social support may be benefi-
cial to achieve ideal or intermediate CVH among individuals who are 
unemployed or have low levels of anger. The observed differences in the 
relationship between social support and CVH by certain psychosocial 
risks may be plausible. Since resilience is a complex and dynamic pro-
cess operating at multiple levels (Masten, 2014), there may be trade-offs 
to resilience because of the access to limited resources (Ungar, 2018). 
For example, our findings showed potential resilience in the presence of 
some psychosocial risks, but not others, which may suggest that to cope 
with some adversities, such as individual-level risks, resilience may be 
facilitated by individuals accessing resources in the form of social sup-
port. However, the experience of other adversities, such as 
neighborhood-level risks, may be too great for resilience to offset 
negative risks in order to achieve a balanced and optimal CVH outcome 
(Ungar, 2018). Nevertheless, resilience resources may be protective and 
potentially more malleable targets than psychosocial risks. The 
disagreement between prior study findings, including the current study, 
on the overall relationship between social support and CVH may be due 
to the different distributions of the psychosocial risks experienced. Thus, 
additional exploration of resilience resources as interventions to 
improve CVH in the presence of psychosocial risks among diverse pop-
ulations are warranted. 

4.1. Limitations and strengths 

Although informative, our study is not without limitations. First, the 

Table 2 
Prevalence ratios (PR) for ideal or intermediate (versus poor) CVH by social support levels among the included JHS, MASALA, and MESA participants (n = 7724).   

Outcome 
Social support-visit product terms in outcome model High versus low social support PR 

(95% CI) 
Medium versus low social support PR 
(95% CI) 

Unadjusted Adjustedb Unadjusted Adjustedb 

Ideal or intermediate (versus poor) 
CVH 

No social support-visit product terms 1.01 
(0.97–1.05) 

0.99 
(0.96–1.03) 

1.03 
(0.99–1.07) 

1.01 
(0.98–1.05) 

Social support-visit product terms are 
present 

Visit 1a 1.00 
(0.95–1.04) 

0.99 
(0.96–1.03) 

1.02 
(0.98–1.06) 

1.00 
(0.96–1.04) 

Visit 2a 1.03 
(0.98–1.10) 

0.99 
(0.94–1.05) 

1.05 
(1.00–1.11) 

1.03 
(0.98–1.08) 

Note: Each repeated-measures modified Poisson regression model accounted for within neighborhood clustering (i.e., census tracts) at Exam 1 (Zou & Donner, 2013). 
Clustering outcomes within individuals did not change inference. 

a Coefficients for the social support-visit product terms in the unadjusted model: 0.03, 0.04, p = 0.41; adjusted model: 0.03, 0.001, p = 0.60. 
b Adjusted for visit, age, sex/gender, race, nativity, geographic region, marital status, self-rated health, insurance, self-history of CVD and stroke, family history of 

CVD and stroke, education, income, employment, anger, depressive symptoms, chronic stress, discrimination, neighborhood deprivation, and neighborhood safety. 

Table 3 
Assessment for the effect measure modification of the adjusted prevalence 
ratiosa (aPR) for ideal or intermediate (versus poor) CVH by psychosocial risk 
levels and social support among the included JHS, MASALA, and MESA partic-
ipants (n = 7724).  

Psychosocial risk measures 
at Exam 1 (Potential effect 
measure modifiers) 

High versus low 
social support and 
ideal or 
intermediate CVH 

Medium versus low 
social support and 
ideal or 
intermediate CVH 

pb  

aPR 95% CI aPR 95% CI  

Education 
College degree of higher 1.00 (0.96–1.04) 1.00 (0.96–1.05) 0.74 
High school or some 
college 

1.00 (0.94–1.06) 1.01 (0.95–1.06) 

Less than high school 0.96 (0.86–1.08) 1.06 (0.95–1.18) 
Employment 

Employed 0.99 (0.95–1.04) 0.99 (0.94–1.03) 0.19 
Unemployed 1.00 (0.94–1.05) 1.04 (0.99–1.10) 

Income 
$50,000+ 1.01 (0.96–1.06) 1.01 (0.96–1.06) 0.72 
$20,000-$49,999 0.98 (0.92–1.05) 1.00 (0.95–1.06) 
$0-$19,999 0.97 (0.89–1.07) 1.04 (0.97–1.12) 

Anger 
Low 0.99 (0.94–1.05) 1.04 (0.99–1.10) 0.20 
Medium 1.02 (0.97–1.08) 1.01 (0.96–1.07) 
High 0.97 (0.91–1.04) 0.97 (0.91–1.03) 

Depressive symptoms 
No 0.99 (0.95–1.03) 1.01 (0.97–1.05) 0.84 
Yes 1.03 (0.90–1.17) 1.00 (0.90–1.11) 

Chronic stress 
Low 1.01 (0.96–1.05) 1.03 (0.98–1.08) 0.79 
Medium 0.97 (0.91–1.04) 1.00 (0.94–1.05) 
High 1.00 (0.92–1.09) 0.99 (0.91–1.08) 

Discrimination 
Low 1.00 (0.94–1.05) 1.03 (0.98–1.09) 0.44 
Medium 0.99 (0.93–1.05) 1.02 (0.96–1.09) 
High 1.01 (0.94–1.07) 0.97 (0.91–1.03) 

Neighborhood deprivation 
Low 0.95 (0.88–1.04) 1.03 (0.95–1.10) 0.58 
Medium 1.01 (0.95–1.08) 1.00 (0.94–1.07) 
High 1.00 (0.96–1.05) 1.01 (0.96–1.06) 

Neighborhood safety 
Safe 0.99 (0.96–1.03) 1.01 (0.97–1.04) 0.85 
Not safe 0.99 (0.91–1.09) 1.03 (0.94–1.13) 

Note: Each repeated-measures modified Poisson regression model accounted for 
within neighborhood clustering (i.e., census tracts) at Exam 1 (Zou & Donner, 
2013). Clustering outcomes within individuals did not change inference. 

a Adjusted for visit, age, sex/gender, race, nativity, geographic region, marital 
status, self-rated health, insurance, self-history of CVD and stroke, family history 
of CVD and stroke, education, income, employment, anger, depressive symp-
toms, chronic stress, discrimination, neighborhood deprivation, and neighbor-
hood safety. 

b Global chi-squared p-values. 
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measure for social support was harmonized from different social support 
measures from three cohorts. We performed psychometric tests to 
explore how well the harmonized measure performed, and social sup-
port showed acceptable internal consistency (Cronbach’s alpha = 0.79). 
However, since our harmonized measure differs from other social sup-
port measures, our findings should be interpreted with caution. Also, 
there is no gold standard measure of social support (Beckers et al., 2020; 
Hogan et al., 2002); hence, assessing the relationship between social 
support and CVH outcomes, as well as comparing findings across studies 
can be challenging. Further, social support was measured at Exam 1 
during 2010–2013 in MASALA and during early 2000’s in JHS and 
MESA. Given these different time frames and the study measures 
available in the cohorts, we could not account for potential variations in 
regional structural factors that may have affected social support levels 
and cardiovascular risks among participants. However, the findings for 
the social support and CVH relationship stratified by cohort did not 
show meaningfully different results. Second, we did not control for other 
resilience resources in our analysis, such as optimism and neighborhood 
social cohesion, which may confound the relationship between social 
support and CVH because they were assessed after the exposure. Third, 
there may be residual confounding bias, selection bias, or measurement 
error due to most measures being self-reported. Also, model mis-
specification in the outcome models may be an issue despite using 
restricted quadratic splines (Hernan & Robins, 2020; Howe et al., 2011) 
for the continuous age variable. Further, our approach does not account 
for additional correlation in the outcome that may occur because a 
participant moved to a different neighborhood (i.e., census tract) after 
Exam 1. However, 86.1% (6652/7724) of the included participants 
resided in the same census tract after Exam 1 (i.e., at Exam 2). Fourth, 
the three cohorts were not representative of the U.S. population. 
Although we used a harmonized data of the three cohorts, our findings 
may not be generalizable to other populations with varying de-
mographic and psychosocial characteristics. Lastly, we may have had 
inadequate power to assess for effect measure modification. 

Despite these limitations, our study has several strengths. We utilized 
a harmonized data set of three prospective observational cohort studies 
with a focus on CVD. Harmonization provided the opportunity for 
increased sample size and power to explore the relationship between 
social support and CVH in a racially/ethnically and geographically 
diverse population. Moreover, we used repeated-measures LS7 metrics 
for our CVH outcome to assess the longitudinal relationship between 
social support and CVH. Lastly, using modified Poisson regression 
models fit with generalized estimating equations to estimate PRs 
allowed us to obtain robust variances while accounting for clustered 
data (Zou & Donner, 2013). 

5. Conclusion 

In summary, our longitudinal study examining the relationship be-
tween social support and CVH suggested that there may be some effect 
measure modification by employment status and anger. Specifically, 
individuals who are unemployed or have lower anger levels may benefit 
more, in terms of their CVH outcomes, from having a medium level of 
social support. However, there was no strong evidence in the overall 
relationship between social support and CVH. If employment status and 
anger do in fact serve as effect modifiers, then the observed overall 
relationship may be different in a population with a different distribu-
tion of these effect modifiers. Thus, additional studies are needed. 
Moreover, future studies should consider changes in social support 
levels over time by collecting and analyzing data on social support at 
multiple time points. Additionally, future studies should account for 
other social constructs, such as social isolation and loneliness. Also, 
studies should include more frequently measured composite LS7 metrics 
during longer follow-up periods to prospectively assess ideal, interme-
diate, or poor CVH outcomes, and account for other resilience measures, 
such as optimism and neighborhood social cohesion. 
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