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Social Network, Social Support, and Risk of Incident Stroke

Atherosclerosis Risk in Communities Study
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Background and Purpose—Having a small social network and lack of social support have been associated with incident
coronary heart disease; however, epidemiological evidence for incident stroke is limited. We assessed the longitudinal
association of a small social network and lack of social support with risk of incident stroke and evaluated whether the
association was partly mediated by vital exhaustion and inflammation.

Methods—The Atherosclerosis Risk in Communities study measured social network and social support in 13686 men and
women (mean, 57 years; 56% women; 24% black; 76% white) without a history of stroke. Social network was assessed
by the 10-item Lubben Social Network Scale and social support by a 16-item Interpersonal Support Evaluation List-Short

Form.

Results—During a median follow-up of 18.6 years, 905 incident strokes occurred. Relative to participants with a large social
network, those with a small social network had a higher risk of stroke (hazard ratio [95% confidence interval], 1.44
[1.02-2.04]) after adjustment for demographics, socioeconomic variables, marital status, behavioral risk factors, and
major stroke risk factors. Vital exhaustion, but not inflammation, partly mediated the association between a small social
network and incident stroke. Social support was unrelated to incident stroke.

Conclusions—In this sample of US community-dwelling men and women, having a small social network was associated
with excess risk of incident stroke. As with other cardiovascular conditions, having a small social network may be
associated with a modestly increased risk of incident stroke. (Stroke.2014;45:2868-2873.)
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troke is the fourth leading cause of death in the United
States' and often results in serious long-term disability and
reduced quality of life for both patients with stroke and their
families. Therefore, stroke prevention is a public health priority.
The social environment is thought to have a tremendous
influence on physical and psychological health and well-
being.? Social network refers to the structure of one’s rela-
tionships, in terms of both quality and quantity.® Social
support refers to the functions or provisions given by one’s
social relationships, such as emotional concern, instrumental
assistance, or information.* Although social support is down-
stream of social network,* measuring both variables is mean-
ingful because not all social networks or ties are supportive
and there is variation in the type, frequency, intensity, and
extent of support provided.*
Previous epidemiological studies have demonstrated that
having a small social network and lack of social support are

associated with an increased incidence of coronary heart
disease®™® and heart failure,*” but relatively few studies have
examined whether these factors are associated with incident
stroke.!®* The mechanisms underlying these associations
have not been fully elucidated but likely include both behav-
ioral factors (eg, poor diet, smoking, alcohol use, and low
physical activity)'* and physiological components (eg, hyper-
tension, diabetes mellitus, obesity, and inflammation),'>!®
which may be partly influenced by mental stress (eg, depres-
sion, loneliness, or vital exhaustion). Using data from the
Atherosclerosis Risk in Communities (ARIC) study, we tested
the hypotheses that small social network and lack of social
support are associated with greater risk of incident stroke,
independent of behavioral factors, and other major risk fac-
tors for stroke. We also examined whether these associations
were partially mediated by vital exhaustion and a marker of
systematic inflammation (ie, high-sensitivity C-reactive pro-
tein [hsCRP]).
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Methods

The ARIC study is a predominantly biracial prospective epidemio-
logical cohort, which enrolled 15792 adults aged 45 to 64 years at
the baseline visit (1987-1989)."" Participants were recruited through
population-based sampling from 4 US communities: Washington
County, MD; suburban Minneapolis, MN; Forsyth County, NC; and
Jackson, MS. A total of 4 cohort re-examinations have taken place
(1990-1992, 1993-1995, 1996-1998, and 2011-2013). Institutional
review boards at each of the participating institutions approved the
study, and all participants gave informed consent.

Study Population

Social network size and perceived social support were measured at
visit 2 (1990-1992), which was attended by 14348 participants and
thus serves as baseline for the present analysis. We excluded 275 par-
ticipants with prevalent stroke from the analysis at baseline, 42 partic-
ipants whose race were not white or black, and 47 black participants
from the Maryland and Minnesota study communities. We further
excluded participants with incomplete data from relevant analyses on
social network (n=298) and perceived social support (n=301), result-
ing in final analytic samples of 13686 and 13 683, respectively.

Social Network and Perceived Social
Support Assessment

Social network was measured using the 10-item Lubben Social
Network Scale,'® which assesses the size of the participant’s active
social network of family, friends, and neighbors. Each item ranged
from O to 5. The total score is an equally weighted sum, with scores
ranging from O to 50; the higher the score, the larger the social net-
work. Consistent with previous work, 4 categories were created: score
<20=small social network; 21 to 25=moderate small social network; 26
to 30=moderate large social network; and >3 1=large social network.”!¥
Perceived social support was measured using a modified version of
the Interpersonal Support Evaluation List-Short Form." This 16-item
scale was constructed by previous ARIC investigators from the original
40-item scale® and assesses perceived social support with 4 subscales
(1) appraisal support, (2) tangible assets support, (3) belonging support,
and (4) self-esteem support. Each item has choices as definitely false
to definitely true, and the score ranges from 0 to 3. The total score is
an equally weighted sum, with scores ranging from O to 48; the higher
the score, the greater the perceived social support. There is no standard
interpretation for this score. In the present analysis, we interpreted the
score as follows: <16=lack of social support; 17 to 23=low social sup-
port; 24 to 31=moderate social support; and >32=high social support.

Measurement of Covariates and Potential Mediators

Information on covariates and potential mediators was assessed at ARIC
visit 2, except educational attainment, which was assessed at ARIC visit
1. Questionnaires were used to attain information on age, sex, race,
socioeconomic status (including educational attainment, income, and
occupation), marital status, smoking status, alcohol use, and medica-
tions. Vital exhaustion was measured using the 21-item Maastricht
Questionnaire to characterize excessive fatigue, irritability, and feelings
of demoralization.”! Higher scores indicate greater exhaustion.
Physiological variables were measured by trained technicians. Body
mass index was assessed as weight (kg) divided by height (m) squared.
Hypertension was defined as diastolic blood pressure 290 mm Hg, sys-
tolic blood pressure 2140 mmHg, or self-reported antihypertensive
medication use during the previous 2 weeks. Diabetes mellitus was
defined as fasting serum glucose level >126 mg/dL, nonfasting glucose
2200 mg/dL, or self-reported history of physician-diagnosed diabe-
tes mellitus or medication use for diabetes mellitus during the past 2
weeks. Cholesterol was measured enzymatically. Low-density lipopro-
tein was calculated. hsCRP was measured in serum using a latex-par-
ticle—enhanced immunoturbidimetric assay kit (Roche Diagnostics).
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Stroke Ascertainment
Possible stroke events were identified through annual follow-up
phone calls to participants or proxies, which asked about recent hos-
pitalizations and deaths, surveillance of discharges from local hos-
pitals, and death certificates. Medical records were obtained if the
list of discharge diagnoses included an International Classification
of Diseases, 9th Revision, code of 430 to 438, if a cerebrovascular
condition or procedure was mentioned in the discharge summary, or
if a cerebrovascular finding was noted on a computed tomography or
magnetic resonance imaging report. Abstractors recorded stroke signs
and symptoms and photocopied neuroimaging (computed tomogra-
phy or magnetic resonance imaging) and other diagnostic reports.
Each potential stroke case was classified by computer algorithm
and by physician reviewers according to criteria adapted from the
National Survey of Stroke.? Disagreements were adjudicated.
Qualifying strokes were classified as definite or probable ischemic
stroke (neuroimaging showed acute infarction or no hemorrhage) or
hemorrhagic stroke (intraparenchymal or subarachnoid) on the basis
of neuroimaging studies or autopsy, when available.

Statistical Analysis

Descriptive statistics of covariates and potential mediators, according to
categories of social network score and perceived social support score,
were generated using ANOVA and y” tests, as appropriate. Pearson corre-
lation coefficients were calculated. Cox proportional hazards regression
model were used to estimate hazard ratios (HRs) and 95% confidence
intervals (ClIs) for incident total stroke, by categories of social network
and social support, after sequential adjustment for potential confounding
variables. In secondary analyses, we also looked separately at ischemic
and hemorrhagic stroke. Follow-up time was calculated from the date
of the visit 2 examination until the date of the incident stroke, loss-to-
follow-up, death, or December 31, 2010, whichever came first.

We fit 4 sequential models: model 1 adjusted for age, sex, and race;
model 2 additionally adjusted for socioeconomic and marital status;
model 3 further adjusted for behavioral risk factors (smoking status, al-
cohol use, and physical activity); and model 4 additionally adjusted for
major stroke risk factors (hypertension, diabetes mellitus, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, lipid-low-
ering medication use, and body mass index). We further added to model
4 covariates vital exhaustion, and separately hsCRP, to assess whether
they mediated the associations. Mediation was suggested if regression
coefficients changed by >10%. In secondary analyses, we looked sepa-
rately at ischemic and hemorrhagic stroke. We also examined whether
either race or sex modified the relationships between social network
or perceived social support and incident stroke, by including cross-
product terms in the models. The proportional hazards assumption was
tested by log-rank tests with Kaplan—Meier curves. All analyses were
performed using SAS 9.3 (SAS Institute Inc).

Results
The 13686 participants in our final analytic sample were on
average 57 years old, 56% women, and 24% black. During a
median follow-up of 18.6 years (max=20.9 years), a total of
905 incident strokes occurred (114 hemorrhagic strokes and
804 ischemic strokes), yielding a crude total stroke incidence
of 4.0 per 1000 person-years.

The social network score was correlated with perceived
social support (r=0.49; P<0.0001) and vital exhaustion (r=-
0.21; P<0.0001) but not with hsCRP (r=-0.01; P=0.46). The
perceived social support score was correlated with vital exhaus-
tion (r=—0. 41; P<0.0001) and hsCRP (r=—-0.04; P<0.0001).

Small Social Network
Table 1 shows the age-adjusted characteristics of par-
ticipants according to social network size categories at
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baseline. A total of 380 (2.8%) were classified as having a
small social network. Relative to people with a large social
network, those with a small social network were more likely
to be black, male, not married, unemployed, have a high
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Table 1. Age-Adjusted Demographic, Behavioral, and Physiological Characteristics Stratified by
Social Network Size: The Atherosclerosis Risk in Communities Study 1987 to 1989

Small Moderately Small Moderately Large Large
Social Network Social Network Social Network Social Network
Social Network Score <20 21-25 26-30 >31
n 380 778 1908 10620
Demographics
Age, y* 57.1(5.7) 57.1(5.8) 57.2(5.9) 56.9 (5.7)
Men, % 58.1 52.4 49.3 425
White, % 67.8 70.5 73.0 77.2
Married, % 42.0 53.9 65.3 84.9
Socioeconomic status
Income, %t
<$25000 60.0 50.3 40.4 324
$25000-$49999 29.1 32.0 37.9 395
>$50000 10.9 17.8 21.7 28.1
Education, %t
Less than high school 33.8 25.9 23.1 20.2
High-school graduate 37.7 38.5 4.7 42.0
Beyond high school 28.5 35.6 35.2 37.8
Occupation, %
Employed 65.0 69.8 73.4 70.1
Managerial and professional 16.5 20.1 24.3 23.7
Social network (0-50)* 16.9 (3.5) 23.3(1.4) 28.3(1.4) 37.7(4.2)
Family networks 5.8(3.3) 7.8(2.9) 9.3(2.3) 12.2(1.9)
Friends networks 2.8(3.1) 49(3.4) 6.6 (2.8) 9.6 (2.4)
Confidant relationship 3.6 (1.8) 5.0 (1.8) 5.7 (1.8) 7.2(1.6)
Helping arrangements 2.2(1.8) 2.7(1.7) 3.1(1.6) 4.2(1.3)
Living arrangements 2.6 (2.4 3.0(2.3 3.6(2.1) 46(1.2)
Social support (0-48)* 26.6 (7.5) 31.3(6.9) 33.8(6.6) 38.3(5.7)
Behavioral risk factors
Physical activity* 2.3(0.8) 2.3(0.9) 2.4(0.8) 2.5(0.8)
Current drinkers, % 55.4 59.0 57.1 56.7
Current smokers, % 359 29.0 27.5 20.3
Major stroke risk factors
BMI, kg/m?* 27.7 (5.6) 27.6 (5.3) 27.8(5.4) 28.0(5.4)
Hypertension, % M1 40.4 41.6 40.2
Diabetes mellitus, % 19.1 16.7 13.9 14.5
Lipid-lowering medication use, % 3.9 6.4 6.6 6.3
Low-density lipoprotein, mg/dL* 134.2 (35.0) 131.5(38.2) 132.7 (35.7) 133.6 (36.9)
High-density lipoprotein, mg/dL* 49.7 (20.1) 49.2 (16.5) 491 (17.0) 49.7 (16.6)
Potential mediators
Vital exhaustion* (0-42) 16.7 (11.3) 13.8(10.5) 11.7 (9.3) 9.6 8.1)
Highly vital exhausted (>14), % 55.5 438 36.7 274
hsCRP, mg/dL* 5.0 (8.6) 46(8.7) 4.3(6.4) 4.3(6.7)

BMI indicates body mass index; and hsCRP, high-sensitivity C-reactive protein.
*Represented as mean (SD).
TNot adjusted for age.

score on the vital exhaustion measure, be diabetic, smokers, Form responses.

have low income, low educational attainment, and higher
hsCRP (Table 1). Among participants with a small social
network, 9.2% were classified as lacking social support
based on the Interpersonal Support Evaluation List-Short
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Table 2. Social Network Size and Risk of Incident Stroke: The Atherosclerosis Risk in
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Communities Study 1987 to 2010

Social Network, Social Support, and Stroke

Social Network Score

Small Moderately Small Moderately Large Large Social
Social Network Social Network Social Network Network
<20 21-25 26-30 >31
No. of participants 380 778 1908 10620
Person-years 5867 12541 31002 178775
Total incident strokes 41 51 119 694
Model 1 1.60 (1.17-2.20) 0.98 (0.73-1.30) 0.93 (0.77-1.13) 1.00
Model 2 1.43 (1.03-2.00) 0.92 (0.69-1.23) 0.90 (0.73-1.10) 1.00
Model 3 1.36 (0.97-1.90) 0.89 (0.66-1.20) 0.87 (0.71-1.06) 1.00
Model 4 1.44 (1.02-2.04) 0.93 (0.69-1.26) 0.90 (0.73-1.11) 1.00

Model 1: adjust for age, sex and race; model 2: adjusted for model 1+socioeconomic status (education attainment,
income, and occupation)+marital status; model 3: adjusted for model 2+behavioral risk factors (smoking status, alcohol
drinking, and physical activity); and model 4: adjusted for model 3+major stroke risk factors (hypertension, diabetes
mellitus, low-density lipoprotein, high-density lipoprotein, lipid-lowering medication use, and body mass index).

2871

The relationship between social network and risk of incident
stroke was nonlinear; only those in the small social network group
were at greater risk (Table 2). The age, sex, and race-adjusted HR
for those classified as having a small social network was 1.60
(95% ClI, 1.17-2.20), relative to those with a large social net-
work. Results were only slightly attenuated with further adjust-
ment for socioeconomic status and marital status (model 2, 1.43
[1.03-2.00]), behavioral risk factors (model 3, 1.36 [0.97-1.90]),
and major stroke risk factors (model 4, 1.44 [1.02-2.04]). There
was no evidence that either race or sex modified relationships
between small social network and incident stroke.

Vital exhaustion and hsCRP, possible mediators, were both
associated with incident stroke in age, sex, and race-adjusted
models (HR [95% CI] for 1-point higher vital exhaustion
score, 1.02 [1.01-1.03]; HR for 1 mg/dL higher hsCRP, 1.02
[1.01-1.03]). The (3 for small social network in model 4 was
0.366. With additional adjustment for vital exhaustion, the
P was 0.336 (an 8.1% change), whereas with adjustment for
hsCRP it was 0.361 (a 1.4% change). These results suggest
that vital exhaustion, but not hsCRP, may partially mediate the
association between small social network and incident stroke.

In secondary analyses, we looked separately at small social
network and risk of ischemic stroke and hemorrhagic stroke.
The associations of ischemic stroke were similar to those of
total stroke (eg, model 4: HR, 1.41 [0.98-2.03]), as expected
because 89% of total strokes were classified as ischemic
(Table I in the online-only Data Supplement). There were too
few hemorrhagic strokes to examine separately.

Perceived Social Support
A total of 75 participants (0.5%) were classified as lacking
perceived social support. Associations between perceived
social support categories and participant characteristics (Table
II in the online-only Data Supplement) were, overall, similar
to those observed with stratification by social network size.
Among the lack of social support group, 46.6% were also
classified as having a small social network.

Only 7 cases of incident stroke occurred in the lack of social
support group. Relative to those with high social support,

participants in the lack of social support group were at quali-
tatively higher although not significantly higher, risk of inci-
dent stroke (model 1: HR, 1.66 [0.79-3.50]; Table III in the
online-only Data Supplement). The estimate was attenuated
with adjustment for additional confounding factors (models
2-4). Associations between degree of social support and risk
of ischemic stroke were similar to those for total stroke (data
not shown). In secondary analyses, we defined lack of social
support more broadly, comparing those in the lowest quintile
of social support (score, <31) with those in the highest quintile
(score, 243). The HR (95% CI) observed for model 1 was 1.14
(0.93-1.39).

Discussion

In this population-based longitudinal study of 13 686 partici-
pants, those who reported having a small social network were
at =40% greater risk of incident stroke, relative to their coun-
terparts who reported a large social network. This association
was independent of participant demographics, behavioral
factors, body mass index, and traditional stroke risk factors.
Although this suggests a causal association, our results need
to be interpreted cautiously given the observational nature of
the data. While not statistically significant, participants in our
sample reporting lack of social support tended to be at quali-
tatively higher risk of stroke.

Our results are consistent with a previous study of 32624
US male health professionals, which reported that men with
a small social network (5.8% of their sample) experienced a
2-fold higher risk of incident stroke during 4 years of follow-
up.'” Having a small social network also has been associated
with risk of incident stroke in a population of women with sus-
pected myocardial infarction.'? Another study of 2603 Health
Maintenance Organization members randomly sampled in
1970 to 1971 and followed for 15 years reported no association
between small social network and incident stroke.!' However,
this study defined a small social network by having a score
in the lowest tertile of scores on a social network scale. It is
possible that only individuals with a small social network are
at greater risk of incident stroke, in which case the cut point
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selected may not have effectively identified people who had
a truly limited social network. Notably, it is difficult to make
direct comparisons across these studies because different ques-
tionnaires were used to measure social network size, and dif-
ferent cut points employed to designate small social networks.

The mechanisms underlying the association between small
social network and incident cardiovascular disease have not
been fully elucidated but likely include both behavioral and
physiological components. Individuals who have a small
social network may be less likely to take part in health-pro-
moting behaviors (eg, consuming a healthy diet, exercising,
and not smoking),'* and may be less likely to follow medi-
cal recommendations (eg, taking medications).”* Additionally,
psychological stress is correlated with small social network*
and may also affect the cardiovascular system via various
mental and physical changes.' Activation of the hypotha-
lamic—pituitary adrenal axis is an adaptive response to stress,
however prolonged stress or hypothalamic—pituitary adrenal
activation is deleterious because sustained elevations in glu-
cocorticoids may compromise the neuroimmune system or
neuronal survival after an ischemic attack.'> Previous epide-
miological studies have reported that people who have a small
social network score are more likely to have elevated circulat-
ing levels of hsCRP and interleukin-6.'¢

In our analysis, vital exhaustion partly mediated the rela-
tionship between small social network and risk of incident
stroke. Although vital exhaustion overlaps more strongly
with somatic depressive symptoms (eg, fatigue, sleep distur-
bance, or appetite change) than cognitive-affective depressive
symptom (eg, guilt, feelings of worthlessness, and suicidal
thoughts), they are highly correlated.”® Depression, which
is linked to elevated inflammatory marker levels,?® has been
associated with stroke morbidity, mortality,”” and incidence®
in meta-analyses and systematic reviews.

In the ARIC cohort, lack of perceived social support was
not significantly associated with risk of incident stroke.
Importantly, this analysis was underpowered because a small
proportion of our study sample was in the lowest social sup-
port category (ie, 0.5%, who went on to experience 7 incident
strokes). The optimum cutoff point for the social support scale
used in ARIC is unknown.

Our study findings should be interpreted in light of several
limitations. Although social network was assessed using a vali-
dated questionnaire, the abbreviated 16-item social support scale
was constructed by earlier ARIC investigators from the original
40-item full scale® and was not validated. Measurement error
(and subsequent misclassification) in both social network and
social support certainly occurred because the data were self-
reported, and these questionnaires were administered at a single
point in time (in some instances many years before the incident
stroke event). Although we do not know how each individual’s
social network changed across time, as adults age the size of
their social network typically becomes progressively smaller.””
Second, because the prevalences of small social network and of
lack of social support were low (only 2.8% and 0.5%, respec-
tively), we had limited power to detect associations with stroke
events. Third, although we adjusted for potential confound-
ers, residual confounding or unmeasured confounders (such
as depression or health services use) may have influenced the

relationship between small social network and incident stroke
through other pathways. Despite these limitations, our study
has several strengths. The ARIC study has a wealth of infor-
mation on potential confounding factors, which allowed us to
examine whether the relationship between small social network
and incident stroke was independent of many known risk fac-
tors. Also, stroke events in the ARIC study were adjudicated,
using a standardized protocol.

In summary, having a small social network was independently
associated with increased risk of incident stroke in a commu-
nity-dwelling sample of black and white men and women. Vital
exhaustion partly mediated this association, whereas hsCRP
did not. This study adds to the literature documenting the effect
of social factors and relationships on health outcomes. If the
observed association was found to be causal, it would argue for
encouraging health professionals to screen for network size and
discuss the importance of social connections for the health and
well-being with their patients, and when appropriate, providing
information about community resources that offer opportunities
for enhancing one’s social network.
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