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ABSTRACT

Objectives Social support may be an important mitigating
factor against adverse cardiovascular outcomes by
facilitating health-promoting behaviours or by buffering
against the negative effects of stress. This study

examined the association of social support with incident
hypertension.

Design Prospective cohort study.

Setting We evaluated the association of social support
with incident hypertension among participants in the
Jackson Heart Study, a community-based cohort of African
Americans.

Participants This study included African American adults,
who were free of hypertension at baseline (2000-2004).
Functional social support, structural social support and
satisfaction with social support were assessed at baseline
among 1516, 1240 and 1503 participants, respectively.
Outcome measures Incident hypertension was assessed
at follow-up examinations in 2005-2008 and 2009-2013.
Incident hypertension was defined by the first visit with
systolic blood pressure >140 mm Hg, diastolic blood
pressure >90 mm Hg or self-reported antihypertensive
medication use. Multivariable Poisson regression was used
to estimate the association of baseline social support with
incident hypertension, adjusting for relevant confounders.
Results At baseline, the mean age of participants was 50
years and 64% were men. During a median follow-up time
of 6.9 years, 54% of participants developed hypertension.
A high level of functional social support was associated
with lower risk of incident hypertension (incident rate ratio
0.64, (95% Cl 0.41 to 0.97)), compared with a low level of
functional social support. Level of structural social support
and satisfaction with social support were not associated
with hypertension risk.

Conclusions These results suggest that greater functional
support may be associated with a lower risk of incident
hypertension.
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INTRODUCTION

African American adults experience a dispro-
portionately high prevalence of hyperten-
sion, worse blood pressure (BP) control
and increased risk of hypertension-related
morbidity when compared with similarly-
aged white counterparts.'™ In the Reasons
for Geographic And Racial Differences in
Stroke cohort study, among adults>45 years

Strengths and limitations of this study

» This study examines longitudinal relationships be-
tween functional, structural and satisfaction with
social support and incident hypertension.

» This study used data from a large community-based
cohort of African Americans.

» This study examined multiple aspects of social sup-
port, including not only the size of the social support
network but also the ways in which relationships
provide support and participant satisfaction with so-
cial support received.

» This observational study is subjected to residual
confounding.

» We only had information on social support at base-
line, so we were not able to examine how changes
in social support over time may impact the develop-
ment of hypertension.

of age, the cumulative incidence of hyper-
tension over 10 years was 48% for black men
versus 38% for white men and 54% for black
women versus 36% for white women.” African
American adults also experience a higher
incidence of hypertension than Asians and
Hispanics.” Psychosocial factors, including
stress, contribute to the high risk for hyperten-
sion among African Americans. For example,
African American adults report high levels
of stress due in part to high levels of racial
discrimination.”” Prior research indicates
that sustained exposure to psychosocial stress
is particularly deleterious for cardiovascular
health and is associated with a higher preva-
lence of hypertension.®

It is possible that social support may be a
protective factor against stress-related adverse
cardiovascular outcomes.'” "' It has been
hypothesised that social support may improve
cardiovascular health directly by helping an
individual with health management tasks'?
or indirectly by facilitating health-promoting
behaviours (ie, promoting a healthy diet or
improved engagement in health)"” '* and
by buffering against the negative long-term
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health effects of stress.”” '® Social support is one of several
factors considered to be psychosocial resource.'” ' Psycho-
social resource variables, especially when present at high
levels, may protect individuals from adverse health effects
of low socioeconomic status (SES) or high stress.”? For
example, studies have found that the association between
SES and BP differs by level of social support.®’ !

Given the high levels of chronic stress and hypertension
among African American adults, determining the poten-
tial benefits of social support may provide opportunities
for disease prevention in this population. Prior studies
on this topic have been limited by small sample sizes, a
cross-sectional design and a lack of inclusion of African
American participants.”” The Jackson Heart Study (JHS)
is a prospective cohort study of cardiovascular disease
in African American women and men with data on self-
reported psychosocial factors and BP measured at three
study examinations over approximately 10 years. Using
these longitudinal data, we evaluated whether levels of
three dimensions of social support at baseline were asso-
ciated with incident hypertension during follow-up. We
hypothesised that higher levels of social support would be
associated with a lower incidence of hypertension.

METHODS

Overview and setting

The JHS has been described in detail elsewhere.” **
Briefly, the study enrolled 5306 African American adults
21 years of age and above from the Jackson, Mississippi
metropolitan tricounty area including Hinds, Madison
and Rankin counties who completed a baseline examina-
tion between 2000 and 2004 (exam 1). There have been
two follow-up examinations; the first (examination 2)
between 2005— and 2008 and the second (examination 3)
between 2009 and 2013.

The present analysis was restricted to participants
without hypertension at the baseline examination.
Further exclusions were made for participants who did
not have BP measurements or information on antihyper-
tensive medication use at baseline, or who were missing
information on social support at the baseline examina-
tion. Only participants who had a valid follow-up BP
measurement at examination 2 were included in analyses,
whether or not they had additional follow-up at examina-
tion 3. These inclusion and exclusion criteria are shown
in figure 1.

Exposure

We examined three aspects of social support: functional
social support (the ways in which interpersonal relation-
ships provide support), structural social support (social
network size) and satisfaction with general social support.

Functional social support was assessed during the base-
line examination using a short form of the Interpersonal
Support Evaluation List (ISEL) instrument, a validated
self-administered instrument consisting of questions
pertaining to four domains of functional social support.”
These domains include (a) appraisal, (b) belonging, (c)
self-esteem and (d) tangible. Each of the four domains
contributes 12 points, and summed ISEL scores range
from 0 to 48. Primary analyses examined functional social
support as a continuous variable providing effect esti-
mates per one SD increase in the total score, and addi-
tional analyses examined functional social support as a
dichotomous variable, where an ISEL score of <32 was
used to indicate low functional social support, as done
previously in JHS.*

Structural social support was assessed during the
baseline examination from an adapted version of the
Berkman Social Network Index, which combined infor-
mation on number of friends and relatives and frequency

JHS enrolled at exam 1 n1=5306

i Excluding those with hypertension at baseline (n=2962)

! Excluding those with missing information on blood
ressure or blood pressure medications at exam 1 (n=86)

=

Excluding those
missing
functional social

support (n=495)

Excluding those
missing exam 2
follow-up data

Excluding tl
Excluding those e ndig those

e missing
missing L satisfaction with
structural social ! social support :
support (n=19) (n=67)

Excluding those
missing exam 2
follow-up data

Excluding those
missing exam 2
follow-up data

Eligible functional social support
analyses (N=1240)

Eligible structural social support
analyses (N=1516)

Eligible satisfaction with social
support analyses (N=1503)

Figure 1

Flowchart showing inclusion and exclusion critiera for the three social support exposure analyses including functional

social support, structural social support and satisfaction with social support. JHS, Jackson Heart Study.
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of social contact. A composite score of structural social
support ranging from 0 to 12 was determined. Higher
scores indicated larger social networks.”” ** Primary anal-
yses examined structural social support as a continuous
variable providing effect estimates per 1 SD increase in
the total score, and additional analyses examined struc-
tural social support as a dichotomous variable, where a
structural network score of <8 was used to indicate low
structural social support, similar to research done previ-
ously in JHS.*

Satisfaction with social support was assessed using the
response to a question from the annual follow-up ques-
tionnaire asking, ‘How satisfied are you with the help or
support that you’ve received from others over the past
year?’ Participants respond on a 6-point Likert scale with
very dissatisfied, somewhat dissatisfied, a little dissatis-
fied, a little satisfied, somewhat satisfied or very satisfied.
This item is similar to a previously validated single-item
measure of social support.”” Ratings of very dissatisfied to
a somewhat satisfied were coded as low satisfaction, while
ratings of very satisfied were coded as high satisfaction.
We used participants’ responses to this question on their
earliest annual follow-up examination occurring closest
to the baseline examination and before examination 2.

Outcome

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured (in mm Hg) at each examination,
by trained study staff after a 5min rest while participants
were seated. Participants’ right arms were fitted with an
appropriately sized BP cuff and two measurements were
taken, with a lmin interval separating the measure-
ments.** The two measurements were averaged for
analyses. Staff used a random-zero sphygmomanometer
(Hawksley and Sons, London, UK) at examinations 1 and
2, and a semiautomated oscillometric device (Omron
HEM-907XL, Omron Healthcare, Lake Forest, Illinois)
at examination 3. BP values at examinations 1 and 2
were calibrated to the corresponding Omron BP device
values to ensure that BP measurements across all three
examinations were compatible.”® Incident hypertension
was defined at the first of the two follow-up examinations
(examination 2 or 3) when a participant met any of the
following criteria: SBP 2140 mm Hg, DBP >90 mm Hg or
self-reported antihypertensive medication use.”

Covariates

The following potential confounders, which were all
assessed at baseline (examination 1), were included in the
primary analyses: age (linear), sex (male/female), phys-
ical activity in categories of minutes/week of moderate
or vigorous physical activity (MVPA) using information
provided by participants on the frequency and duration
of participation in the three most sport/exercise activities
performed in the past year, which were then converted
to ‘minutes/week’ as previously described™ (categorical:
poor (Omin/week of MVPA), intermediate (1-149 min/
week of moderate activity or 1-74min/week of vigorous

activity or 1-149 min/week of MVPA) or ideal (=150 min/
week of moderate activity or 275 min/week of vigorous
activity or >150min/week of MVPA)), smoking status
(never/former/current), alcohol use (yes/no), body
mass index (linear) and estimated glomerular filtration
rate (eGFR) calculated from calibrated serum creati-
nine” and the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) creatinine equation (linear).”
Additional baseline covariates were included in sensi-
tivity analyses: albuminuria calculated using the albumin
to creatinine ratio value” (binary <30 vs >30mg/g),
nutrition diet quality score constructed based on
the American Heart Association (AHA) diet quality
score®® * built from participant information form a
semi-quantitative, 158-item food frequency question-
naire developed and validated for the JHS* (categorical
based: poor (0-19 points), intermediate (20-39 points)
or ideal (40-50 points)), education (categorical: <high
school, high school graduate, some college or college
degree obtained), depressive symptoms (binary using the
Center for Epidemiologic Studies Depression Scale scale
of 216 points for high depressive symptomatology) and
perceived chronic stress using the Global Perceived Stress
scale, which is an 8-item measure developed for the JHS
and adapted from standardised stress scales®™ % (linear).

Statistical analysis

We described characteristics of participants with low and
high baseline functional social support (<32 vs >32), and
low and high baseline structural social support (<8 vs >8).

We used Poisson regression with an offset for follow-up
time to estimate the incident rate ratios (IRRs) for the
association of baseline functional and structural social
support with incident hypertension. The development
of incident hypertension was assessed only at the time of
follow-up examinations, when BP measurements and a
medication inventory were conducted. Therefore, there
were two time intervals in these analyses. First, partici-
pants who developed hypertension at examination 2 or
were censored at this time only contributed person-time
between examination 1 and examination 2 and informa-
tion on hypertension events at the time of examination 2.
Second, participants with follow-up through examination
3 and who did not develop hypertension at examination
2 contributed person-time between examination 1 and
examination 3 and information on hypertension events at
the time of examination 3. Figure 2 provides a schematic
representing the time periods of follow-up.

Four per cent of participants were missing data on
one or more of the following variables: physical activity,
smoking, alcohol use, BMI or eGFR. In primary analyses,
we used multiple imputation with chained equations
(MICE)*” * to generate 20 sets of complete data with
imputed values for variables with missingness. The impu-
tation model included all variables used in the primary
model. We assumed that data were missing at random. We
generated quantile-quantile plots, trace plots and density
plots as diagnostic tools for the imputed values. Finally,
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Figure 2 Timing of follow-up and relevant data points for exposures (functional, structural and satisfaction with social
support), covariates and blood pressure and antihypertensive medication use for incident hypertension assessment. BP, blood

pressure.

analyses were run on the imputed data and pooled
summary results were produced from these 20 complete
data sets.

Secondary and sensitivity analyses

In secondary analyses, we examined the risk of incident
hypertension associated with satisfaction with social
support and with each domain of functional social
support (appraisal, belonging, self-esteem and tangible).
We also tested whether there was evidence that the associ-
ation of social support with incident hypertension varied
by marital status (married vs unmarried) or by sex by
including a multiplicative interaction term in the primary
models.

In addition, we conducted a sensitivity analysis that
adjusted for albuminuria, nutrition, education, depres-
sive symptoms and perceived chronic stress at baseline,
since these additional factors may confound the relation-
ship between social support and hypertension. Again, we
used MICE to impute values for variables with missing
data (education missing for <1%, perceived stress missing
for 1%, diet missing for 7%, depressive symptoms missing
for 28% and albuminuria missing for 32%).

Patient and public involvement
There was no patient or public participation in the
present study.

Data sharing

Requests for data from the JHS require approval of a JHS
manuscriptproposal oranancillarystudy proposal. You will
be asked to submit a data and materials distribution agree-
ment prior to obtaining any data. Requests can be made
on the JHS website: https://wwwjacksonheartstudyorg/
Research/Study-Data/Data-Access.

RESULTS

Overall, 1516 participants had data available for the
structural social support analyses and 1240 for the func-
tional social support analyses. Those with low struc-
tural social support exercised less than participants

with high structural social support (table 1). Functional
social support scores ranged from 2 to 38 with a mean
functional social support score of 26 (+SD 5). During a
median follow-up time of 6.9 years (25th—75th percentiles
4.7-8.0), 54% of participants developed incident hyper-
tension. In primary analyses, a high level of functional
social support was associated with a lower risk of incident
hypertension (IRR 0.64 (95% CI 0.41 to 0.97), compared
with a low level of functional social support.

Participants with low functional social support were
more likely to be men and less likely to be smokers and
exercised less than participants with high levels of func-
tional social support (table 1). Furthermore, structural
social support scores ranged from 0 to 12 and partici-
pants had a mean structural social support score of 6
(+SD 3). Higher levels of structural social support were
not associated with incident hypertension (table 2). Addi-
tional adjustment for nutrition, albuminuria, education,
depressive symptoms and chronic stress did not affect the
results.

In secondary analyses, 1503 participants were included
in analyses examining the association between satisfac-
tion with social support and incident hypertension. No
association was present between satisfaction with social
support and incident hypertension (table 2). There was
no evidence of an association between any of the four
domains of functional social support separately and the
risk of hypertension (online supplemental material 1).
Furthermore, there was no evidence of an interaction
between either marital status or sex and structural, func-
tional or satisfaction with social support.

DISCUSSION

In this cohort study of African American adults, partic-
ipants who reported a high level of functional social
support experienced a 36% lower risk of incident hyper-
tension during follow-up than those with a low level of
functional social support. Other measures of social
support were not associated with hypertension risk.
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Table 1 Participant characteristics overall and by low versus high structural social support
Low structural social High structural social
Overall support (<8/12) support (>8/12)

Characteristic n=1516 n=1132 n=384
Age, mean (SD) 50 (12) 50 (12) 51 (12)
Male, n (%) 964 (64) 715 (63) 249 (65)
Alcohol use, n (%)* 821 (54) 627 (56) 194 (51)
Smoking, n (%)

Never 1102 (73) 837 (75) 265 (70)

Former 206 (14) 136 (12) 70 (18)

Current 196 (13) 151 (13) 45 (12)
BMI, mean (SD) 31 (7) 31 (7) 31 (7)
eGFR, mean (SD) 102 (19) 102 (19) 100 (19)
Physical activity, n (%)t

Poor 639 (42) 451 (44) 142 (37)

Intermediate 534 (35) 355 (35) 140 (37)

Ideal 343 (23) 226 (21) 102 (26)

Low functional social High functional social
Overall support (<32/48) support (>32/48)

Characteristic n=1240 n=1173 n=67
Age, mean (SD) 50 (12) 50 (12) 49 (11)
Male, n (%) 801 (65) 762 (65) 39 (58)
Alcohol use, n (%)* 680 (55) 642 (55) 38 (57)
Smoking, n (%)

Never 913 (74) 865 (74) 48 (72)

Former 166 (14) 158 (14) 8(12)

Current 151 (12) 140 (12) 11 (16)
BMI, mean (SD) 30.8 (7) 30.8 (7) 30.2 (6)
eGFR, mean (SD) 102 (19) 102 (19) 98 (18)
Physical activity, n (%)t

Poor 507 (41) 482 (41) 25 (37)

Intermediate 442 (36) 422 (36) 20 (30)

Ideal 290 (23) 268 (23) 22 (33)

*Alcohol use considers use in the past 12 months.

tPhysical activity categories: poor [0 minutes/week of moderate or vigorous physical activity (MVPA)], intermediate [1-149 minutes/week of
moderate activity or 1-74 minutes/week of vigorous activity or 1-149 minutes/week of MVPA], ideal [>150 minutes/week of moderate activity

or 275 minutes/week of vigorous activity or >150 minutes/week of MVPA.

BMI, body mass index; eGFR, estimated glomerular filtration rate; SD, standard deviation.

Few studies have evaluated whether potentially protec-
tive psychosocial resources, such as social support, may
help individuals achieve or maintain a healthier BP,
particularly among African Americans. A previous anal-
ysis of psychosocial correlates of apparent treatment-
resistant hypertension (aTRH) in JHS found that larger
social networks were associated with less aTRH, further
suggesting the importance of social support.” Another
study in a predominately white (87%) population found
that the lowest levels of social integration, defined by the
number and nature of one’s social ties, were associated
with a 75% greater risk of hypertension, but that there

was no evidence of a linear relationship between other
aspects of social support and hypertension risk.**
Findings from the present study provide further
evidence that certain types of social support are associ-
ated with better BP outcomes. However, the results of the
current study differed from the two studies mentioned
above as there was no evidence of a meaningful difference
in incident hypertension based on the size of one’s social
support network (structural social support). We found
that only functional social support was associated a reduc-
tion in incident hypertension. The finding that func-
tional but not structural social support may be important
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Table 2 Incidence rate ratios for hypertension associated with structural, functional and social support
Minimally adjusted* Primary analysist Fully adjustedt
Incidence Incidence Incidence
Exposure rate ratio 95%CI rate ratio  95%CI rate ratio 95% ClI
Structural social support (h=1516)
Continuous per five point increase§ 1.01 0.94t01.09 1.02 0.95t0 1.10 1.03 0.96to 1.11
Binary (<8vs >8) 1.038 0.80to 1.19 1.03 0.88 to 1.20 1.06 0.90 to 1.24
Functional social support (n=1240)
Continuous per three point increase§ 0.93 0.86to 1.00 0.96 0.89 to 1.04 0.97 0.89 to 1.05
Binary (<32vs >32) 0.64 0.40t00.95 0.64 0.41 to 0.97 0.65 0.42 t0 0.98
Satisfaction, binary (high vs low) 0.94 0.82t0 1.08 0.97 0.83 to 1.09 0.97 0.84to 1.12

(n=1508)

*Adjusted for: age and sex.

TAdjusted for: age, sex, physical activity, smoking, alcohol use, BMI, eGFR with imputed values using MICE for those missing covariates.
FAdditional adjustment for: nutrition, albuminuria, education, depressive symptoms, chronic stress with imputed values using MICE for those

missing covariates.

§Estimates for continuous measures of structural and functional social support are reported per one SD increase in the structural social

support score or the functional social support score.

BMI, body mass index; eGFR, estimated glomerular filtration rate; MICE, multiple imputation with chained equation.

for incident hypertension is similar to findings from
a meta-analysis by Magrin et al,*” where it was reported
that functional but not structural social support was asso-
ciated with adherence to antihypertensive medication,
indicating that the sheer presence of other people may
not be as meaningful as the quality of support provided
by one’s social network.*!

There are limitations of the present study. First, there
was the potential for residual confounding due to the
observational design and the inability to make causal
inference. Second, data on structural and functional
social support was only available at baseline, which did
not allow for the examination of how longitudinal
changes in social support impact incident hypertension.
Since social support is a dynamic quality, which may be
more important for particular age groups, it would be
important for future studies to examine this longitudinal
relationship. Finally, although we examined if any partic-
ular domains of functional social support were associated
with lower risk of incident hypertension, we did not detect
any meaningful difference. This may have been due to a
lack of power in our secondary analyses.

This study has several strengths. First, the data were
from a large community-based African American
cohort. Also, we had information on multiple aspects
of social support, including not only the size of the
social support network but also the ways in which
relationships provided support. In addition, we had
a measure of how satisfied participants were with the
social support they had received. This allowed for
an in-depth examination of whether and how social
support may influence hypertension risk. Finally,
because we had longitudinal data on BP collected at
three separate time points over the course of a decade,

we were able to examine how social support impacted
the development of incident hypertension.

In conclusion, the current results suggest that
high levels of functional support are associated with
a lower risk of hypertension. Given the high inci-
dence of hypertension among African American
men and women, interventions designed to leverage
and increase functional social support may provide
opportunities for cardiovascular disease prevention in
African Americans.

Author affiliations

Non-Communicable Diseases and Environment, Barcelona Institute for Global
Health, Barcelona, Spain

%Department of Medicine, University of Washington, Seattle, Washington, USA
*Human Development and Family Sciences, University of Connecticut, Storrs,
Connecticut, USA

“Department of Internal Medicine, University of Mississippi Medical Center, Jackson,
Mississippi, USA

5School of Public Health, University of Alabama at Birmingham, Birmingham,
Alabama, USA

®Department of Epidemiology, University of Washington, Seattle, Washington, USA

Correction notice This article has been corrected since it was published. Author’s
name (Bessie A Young) has been corrected.

Acknowledgements The Jackson Heart Study (JHS) is supported and

conducted in collaboration with Jackson State University (HHSN268201800013l),
Tougaloo College (HHSN268201800014l), the Mississippi State Department of
Health (HHSN268201800015I) and the University of Mississippi Medical Center
(HHSN268201800010I, HHSN2682018000111 and HHSN268201800012l) contracts
from the National Heart, Lung, and Blood Institute (NHLBI) and the National Institute
on Minority Health and Health Disparities (NIMHD). The authors also wish to thank
the staff and participants of the JHS.

Contributors Conceptualising and designing the study: BNH, CNH, JSF. Performing
analyses: BNH. Interpretating the data: BNH, PM, SRH, JSF. Drafting the manuscript:
BNH. Critically revising the manuscript: BNH, CNH, JK, MS, PM, BAYM, SRH, JSF.
Responsible for the overall content as the guarantor of the manuscript: BNH

Funding This work was supported by NHLBI grant ROT1HL142599 and
RO1HL117323.

6

Harding BN, et al. BMJ Open 2022;12:€054812. doi:10.1136/bmjopen-2021-054812



Disclaimer The views expressed in this manuscript are those of the authors and
do not necessarily represent the views of the National Heart, Lung, and Blood
Institute; the National Institutes of Health; or the U.S. Department of Health and
Human Services.

Competing interests JSF has consulted for Shionogi. Other authors have nothing
to disclose.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants but approval for the
Jackson Heart Study was obtained from the institutional review boards at the
University of Mississippi Medical Center, the Jackson State University, and Tougaloo
College. All participants provided written informed consent at each study visit.
exempted this study. Participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are

not publicly available. Requests for data from the JHS require approval of a JHS
manuscript proposal or an ancillary study proposal. You will be asked to submit a
data and materials distribution agreement prior to obtaining any data. Requests can
be made on the JHS website: https://www.jacksonheartstudy.org/Research/Study-
Data/Data-Access

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Barbara N Harding http://orcid.org/0000-0002-9460-9399

REFERENCES

1 Egan BM, Zhao Y, Axon RN. Us trends in prevalence, awareness,
treatment, and control of hypertension, 1988-2008. JAMA
2010;303:2043-50.

2 Jones DW, Chambless LE, Folsom AR, et al. Risk factors for coronary
heart disease in African Americans: the Atherosclerosis risk in
Communities study, 1987-1997. Arch Intern Med 2002;162:2565-71.

3 Rodriguez CJ, Soliman EZ, Alonso A, et al. Atrial fibrillation incidence
and risk factors in relation to race-ethnicity and the population
attributable fraction of atrial fibrillation risk factors: the multi-ethnic
study of atherosclerosis. Ann Epidemiol 2015;25:71-6.

4 Yoon SS, Gu Q, Nwankwo T, et al. Trends in blood pressure among
adults with hypertension: United States, 2003 to 2012. Hypertension
2015;65:54-61.

5 Howard G, Safford MM, Moy CS, et al. Racial differences in the
incidence of cardiovascular risk factors in older black and white
adults. J Am Geriatr Soc 2017;65:83-90.

6 Carson AP, Howard G, Burke GL, et al. Ethnic differences in
hypertension incidence among middle-aged and older adults: the
multi-ethnic study of atherosclerosis. Hypertension 2011;57:1101-7.

7 Ajrouch KJ, Reisine S, Lim S, et al. Perceived everyday discrimination
and psychological distress: does social support matter? Ethn Health
2010;15:417-34.

8 Spruill TM, Butler MJ, Thomas SJ, et al. Association between high
perceived stress over time and incident hypertension in black
adults: findings from the Jackson heart study. J Am Heart Assoc
2019;8:e012139.

9 Sims M, Diez-Roux AV, Dudley A, et al. Perceived discrimination and
hypertension among African Americans in the Jackson heart study.
Am J Public Health 2012;102 Suppl 2:S258-65.

10

11

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Barth J, Schneider S, von Kénel R. Lack of social support in the
etiology and the prognosis of coronary heart disease: a systematic
review and meta-analysis. Psychosom Med 2010;72:229-38.
Nagayoshi M, Everson-Rose SA, Iso H, et al. Social network,

social support, and risk of incident stroke: atherosclerosis risk in
Communities study. Stroke 2014;45:2868-73.

Gallant MP. The influence of social support on chronic illness self-
management: a review and directions for research. Health Educ
Behav 2003;30:170-95.

Schoenthaler A, Lancaster K, Midberry S, et al. The faith trial:
baseline characteristics of a Church-based trial to improve blood
pressure control in blacks. Ethn Dis 2015;25:337-44.

Ford CD, Sims M, Higginbotham JC, et al. Psychosocial

factors are associated with blood pressure progression among
African Americans in the Jackson heart study. Am J Hypertens
2016;29:913-24.

Hostinar CE, Gunnar MR. Social support can buffer against stress
and shape brain activity. AJOB Neurosci 2015;6:34-42.

Cohen S, Wills TA, Stress WTA. Stress, social support, and the
buffering hypothesis. Psychol Bull 1985;98:310-57.

Moak ZB, Agrawal A. The association between perceived
interpersonal social support and physical and mental health: results
from the National epidemiological survey on alcohol and related
conditions. J Public Health 2010;32:191-201.

Kocalevent R-D, Berg L, Beutel ME, et al. Social support in the
general population: standardization of the Oslo social support scale
(OSSS-3). BMC Psychol 2018;6:31.

Matthews KA, Gallo LC. Psychological perspectives on pathways
linking socioeconomic status and physical health. Annu Rev Psychol
2011;62:501-30.

Matthews KA, Gallo LC, Taylor SE. Are psychosocial factors
mediators of socioeconomic status and health connections? A
progress report and blueprint for the future. Ann N 'Y Acad Sci
2010;1186:146-73.

Coulon SM, Wilson DK. Social support buffering of the relation
between low income and elevated blood pressure in at-risk African-
American adults. J Behav Med 2015;38:830-4.

Yang YC, Boen C, Mullan Harris K. Social relationships and
hypertension in late life: evidence from a nationally representative
longitudinal study of older adults. J Aging Health 2015;27:403-31.
Payne TJ, Wyatt SB, Mosley TH, et al. Sociocultural methods in the
Jackson heart study: conceptual and descriptive overview. Ethn Dis
2005;15:56-48.

Taylor HA, Wilson JG, Jones DW, et al. Toward resolution of
cardiovascular health disparities in African Americans: design and
methods of the Jackson heart study. Ethn Dis 2005;15:S6-4-17.
Payne TJ, Andrew M, Butler KR, et al. Psychometric evaluation of the
interpersonal support evaluation List-Short form in the ARIC study
cohort. Sage Open 2012;2:215824401246192.

Hall RK, Davenport CA, Sims M, et al. Association of functional and
structural social support with chronic kidney disease among African
Americans: the Jackson heart study. BMC Nephrol 2019;20:262.
Atroszko PA PL, Raczynska A, S¢ktas M. Validity and realiability of
single-item self-report measures of social support CER comparative
European research 2015. 2015.

Seals SR, Colantonio LD, Tingle JV, et al. Calibration of blood
pressure measurements in the Jackson heart study. Blood Press
Monit 2019;24:130-6.

Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the
joint National Committee on prevention, detection, evaluation, and
treatment of high blood pressure. Hypertension 2003;42:1206-52.
Diaz KM, Booth JN. 3Rd, seals SR, hooker sp, Sims M, Dubbert PM,
et al. sedentary behavior and subclinical atherosclerosis in African
Americans: cross-sectional analysis of the Jackson heart study. Int J
Behav Nutr Phys Act 2016;13:31.

Wang W, Young BA, Filop T, et al. Effects of serum creatinine
calibration on estimated renal function in African Americans: the
Jackson heart study. Am J Med Sci 2015;349:379-84.

Levey AS, Stevens LA, Schmid CH. 3Rd, Feldman HI, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med
2009;150:604-12.

Carpenter MA, Crow R, Steffes M, et al. Laboratory, reading center,
and coordinating center data management methods in the Jackson
heart study. Am J Med Sci 2004;328:131-44.

Carithers T, Dubbert PM, Crook E. Dietary assessment in African
Americans: methods used in the Jackson heart study.. Ethn Dis.
2005;15:56-49-55.

Rehm CD, Pefalvo JL, Afshin A, et al. Dietary intake among US
adults, 1999-2012. JAMA 2016;315:2542-53.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived
stress. J Health Soc Behav 1983;24:385-96.

Harding BN, et al. BMJ Open 2022;12:€054812. doi:10.1136/bmjopen-2021-054812


https://www.jacksonheartstudy.org/Research/Study-Data/Data-Access"
https://www.jacksonheartstudy.org/Research/Study-Data/Data-Access"
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9460-9399
http://dx.doi.org/10.1001/jama.2010.650
http://dx.doi.org/10.1001/archinte.162.22.2565
http://dx.doi.org/10.1016/j.annepidem.2014.11.024
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.04012
http://dx.doi.org/10.1111/jgs.14472
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.168005
http://dx.doi.org/10.1080/13557858.2010.484050
http://dx.doi.org/10.1161/JAHA.119.012139
http://dx.doi.org/10.2105/AJPH.2011.300523
http://dx.doi.org/10.1097/PSY.0b013e3181d01611
http://dx.doi.org/10.1161/STROKEAHA.114.005815
http://dx.doi.org/10.1177/1090198102251030
http://dx.doi.org/10.1177/1090198102251030
http://dx.doi.org/10.18865/ed.25.3.337
http://dx.doi.org/10.1093/ajh/hpw013
http://dx.doi.org/10.1080/21507740.2015.1047054
http://dx.doi.org/10.1037/0033-2909.98.2.310
http://dx.doi.org/10.1093/pubmed/fdp093
http://dx.doi.org/10.1186/s40359-018-0249-9
http://dx.doi.org/10.1146/annurev.psych.031809.130711
http://dx.doi.org/10.1111/j.1749-6632.2009.05332.x
http://dx.doi.org/10.1007/s10865-015-9656-z
http://dx.doi.org/10.1177/0898264314551172
http://www.ncbi.nlm.nih.gov/pubmed/16317984
http://www.ncbi.nlm.nih.gov/pubmed/16320381
http://dx.doi.org/10.1177/2158244012461923
http://dx.doi.org/10.1186/s12882-019-1432-9
http://dx.doi.org/10.1097/MBP.0000000000000379
http://dx.doi.org/10.1097/MBP.0000000000000379
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://dx.doi.org/10.1097/MAJ.0000000000000446
http://dx.doi.org/10.1097/00000441-200409000-00001
http://dx.doi.org/10.1001/jama.2016.7491
http://dx.doi.org/10.2307/2136404

37 van Buuren S. Multiple imputation of discrete and continuous 40 Magrin ME, D'Addario M, Greco A, et al. Social support and
data by fully conditional specification. Stat Methods Med Res adherence to treatment in hypertensive patients: a meta-analysis.
2007;16:219-42. Ann Behav Med 2015;49:307-18.

38 Schafer JL, Graham JW. Missing data: our view of the state of the 41 DiMatteo MR. Social support and patient adherence to medical
art. Psychol Methods 2002;7:147-77. treatment: a meta-analysis. Health Psychol 2004;23:207-18.

39 Shallcross AJ, Butler M, Tanner RM, et al. Psychosocial correlates
of apparent treatment-resistant hypertension in the Jackson heart
study. J Hum Hypertens 2017;31:474-8.

8 Harding BN, et al. BMJ Open 2022;12:€054812. doi:10.1136/bmjopen-2021-054812


http://dx.doi.org/10.1177/0962280206074463
http://dx.doi.org/10.1037/1082-989X.7.2.147
http://dx.doi.org/10.1038/jhh.2016.100
http://dx.doi.org/10.1007/s12160-014-9663-2
http://dx.doi.org/10.1037/0278-6133.23.2.207

	Relationship between social support and incident hypertension in the Jackson Heart Study: a cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Overview and setting
	Exposure
	Outcome
	Covariates
	Statistical analysis
	Secondary and sensitivity analyses
	Patient and public involvement
	Data sharing

	Results
	Discussion
	References


