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Abstract

Perceived social support has been linked to lower rates of morbidity and mortality. However, more
information is needed on the biological mechanisms potentially responsible for such links. The
main aim of this paper was to conduct a meta-analytic review of the association between perceived
social support and awake ambulatory blood pressure (ABP) which is linked to cardiovascular
morbidity and mortality. The review identified 12 studies with a total of 3254 participants. The
omnibus meta-analysis showed that higher perceived social support was not significantly related
to lower ABP (Zr=-0.052, [-.11, .01]). In addition, there was evidence of significant bias across
several indicators. Future research will be needed to explore the boundary conditions linking
social support to ABP and its implications for theoretical models and intervention development.
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Perceived social support is often defined as the perception of available support from others
and is one of the most robust psychosocial predictors of physical health outcomes (Berkman
et al., 2000; Cohen, 2004; House et al., 1988). The meta-analysis by Holt-Lunstad and
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colleagues (2010) found a significant reduction in mortality rates for individuals who were
higher in perceived support and more socially integrated. Importantly, these effect sizes
were comparable if not larger than well-established lifestyle factors including obesity and
physical activity (Holt-Lunstad et al., 2010).

Given that perceived social support is a reliable and potentially impactful predictor of health,
an important question relates to the physiological mechanisms by which social support is
related to disease (Uchino, 2006). Such information can provide evidence for the biological
plausibility of the link between social support and disease, hence strengthening inferences
(Broadhead et al., 1983). There is recent meta-analytic evidence linking social support to
lower inflammation and potentially a stronger antibody response to vaccination (Uchino et
al., 2018, 2020). Of particular interest might be other direct biological pathways relevant

to cardiovascular diseases as they are the leading cause of death in most countries (WHO,
2020) and social support predicts cardiovascular disease outcomes (Lett et al., 2005). The
main aim of this meta-analysis was thus to examine the link between perceived social
support and ambulatory blood pressure (ABP, Pickering et al., 2006). That is, does perceived
support impact ABP which might influence cardiovascular disease outcomes?

Social Support, Ambulatory Blood Pressure, and Health

There are a number of purported biological mechanisms linking social support to health
(Holt-Lunstad, 2018). Blood pressure is one of the strongest predictors of stroke and
cardiovascular risk (besides age) and hence an important potentially modifiable pathway
which varies during everyday life (Banegas et al., 2018; Gaciong et al., 2013; Pickering

et al., 2006). However, clinic blood pressure levels may not represent an individual’s daily
blood pressure as they are susceptible to white coat/masked hypertension effects and are
lower in ecological validity (Turner et al., 2015). As a result ABP levels represent blood
pressure assessed in everyday life and appear more strongly linked to future cardiovascular
risk compared to clinic blood pressure levels as shown by several reviews (Parati et al.,
2014; Pickering et al., 2006).

There are conceptual reasons to expect perceived social support to be associated with

lower ABP. Theoretical models highlight the role of social support in reducing stress
appraisals and depressive symptoms, as well as increasing feelings of personal control and
efficacy (Cohen, 1988; Thoits, 2011; Uchino, 2004). Many of these psychological processes
have been linked to health outcomes, including ABP (Grewen et al., 2004; Landsbergis

et al., 2013; Steptoe & Willemsen, 2004). Behavioral factors might also be operating as
social support is associated with healthier behaviors and greater cooperation with medical
regimens in chronic disease populations (DiMatteo, 2004; Yuan et al., 2011).

A number of studies have directly examined the link between social support and ABP.
Consistent with the link between social support and cardiovascular risk, several studies have
found social support to predict significantly lower ABP (Benotsch et al., 1997; Bowen et al.,
2014; Piferi & Lawler, 2006). However, one of the earliest studies in this literature reported
no significant association (Landsbergis et al., 1994), a pattern that has appeared in several
other studies (Hawkley et al., 2005; Steptoe et al., 2000). Moreover, protective associations
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are sometimes evident only on one measure of ABP (i.e., either systolic or diastolic blood
pressure, Benotsch et al., 1997; Gallo et al., 2004; Piferi & Lawler, 2006). This later point

is important as resting SBP appears to have greater prognostic value compared to DBP in
predicting cardiovascular risk (Benetos et al., 2003; Tin et al., 2002). The link between
ambulatory SBP and cardiovascular risk also appears stronger compared to ambulatory DBP
although more work is needed (see meta-analysis by Conen & Bamberg, 2008). Thus, a

link between social support and ambulatory SBP might be more health-relevant compared to
ambulatory DBP.

There appears to be only one prior systematic review examining the link between social
support and measures of ABP. Fortman and Gallo (2013) focused on the link between social
support and nocturnal blood pressure dipping which is assessed as the difference between
awake and sleep ABP. They reported a protective association between social support
(broadly defined) and ABP dipping with effect sizes ranging from medium to large (&’s
between 0.41 to 2.01). To date, there does not appear to be a systematic review examining
the link between social support and awake ABP that are also linked to cardiovascular risk
(Pickering et al., 2006). As a result, this meta-analysis focused on awake ABP and excluded
studies examining nocturnal blood pressure dipping unless they also reported relevant data
on awake/daytime ABP.

Examining Potential Moderators

There are several important factors that need consideration as moderators (Kiecolt-Glaser

et al., 2010). Given heterogeneity in the samples used, one important question relates to
whether links are similar in studies utilizing relatively healthy individuals compared to
studies focusing on populations with diagnosed cardiovascular disease such as hypertension.
Models of social relationships and health highlight possible links to the development and/or
course of health conditions. That is, can social support influence the development of disease
or is it more influential once such chronic conditions arise and the need for support is high
(Uchino, 2009a)? If the association between social support and ABP varies across sample
types, then it may suggest stronger associations to particular phases of the disease process.
A second important issue is related to whether associations vary by the type of assessment
(SBP, DBP). As noted above, SBP appears to have greater prognostic value compared

to DBP (Benetos et al., 2003; Conen & Bamberg, 2008). Although there are important
conceptual differences in the operationalization of support (e.g., perceived, received, social
integration, see Cohen, 1988), only three studies were found that examined measures other
than perceived support (Piferi & Lawler, 2006; Rau et al., 2001; Vella et al., 2008) so

these studies were excluded to focus on perceived support and ABP.1 The main aim of

this review was thus to examine if perceived social support is linked to awake ABP which
might explain epidemiological links to cardiovascular disease outcomes. There does not
appear to be any meta-analytic review of this literature despite its importance in addressing
potential biological mechanisms linking perceived support to cardiovascular disease risk.
This meta-analysis thus documented this association and tested several important moderators
of such links.

Linclusion of these 3 studies did not change the conclusions of this meta-analytic review.
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Method

Identification and Inclusion/Exclusion of Studies

The review protocol used in this meta-analysis is detailed below and followed the PRISMA
guidelines (Page et al., 2021). A literature search was first conducted using the major
databases of PsyclInfo, Medline, and the Psychology and Behavioral Sciences Collection by
crossing the exact keywords of “social support” with “ambulatory blood pressure.” More
focused literature searches using the exact keywords social support and systolic ABP or
diastolic ABP did not produce any new articles. The ancestry approach was also used which
searched the reference list of eligible articles and review papers on the topic (i.e., Fortmann
& Gallo, 2013). This search was run up to February of 2020 and identified 64 records, with
52 remaining after duplicates were removed (see Figure 1). Six records were excluded after
abstract review as they were reviews or did not include measures of social support or ABP.
Of the remaining 46 records, 34 were excluded for various methodological reasons, the most
common being that no direct link between social support and ABP was examined given it
was not a primary aim of the study. Of the 34 excluded studies, 12 appeared to have data on
social support and ABP but did not report on the association. We contacted the first authors
on these 12 papers and 1 author provided the needed information (6 no longer had access

to the data and 5 did not respond). Articles were also not included if they did not include

a direct measure of general perceived support (e.g., relationship quality, marital status) or
focused exclusively on nocturnal dipping. This resulted in a final count of 12 articles for this
meta-analysis.

Analysis Plan and Data Extraction

Major details regarding studies (e.g., sample, population, outcomes) were first characterized
and examined in tabular form. At least two authors verified the accuracy of the details listed
in the table that was subsequently also used in the moderator analyses. The subsequent
meta-analysis was performed using a commercially available software package (MetaWin
V2.1, Rosenberg, Adams, & Gurevitch, 2000) that provided results regarding effect sizes,
confidence intervals, tests of variability, moderation analyses, and indicators of bias. These
analyses were based on a random effects model that assumes effect sizes vary across studies
so that broader inferences can be made (Borenstein et al., 2009). To reduce the problem

of nonindependence in omnibus analyses, when multiple assessments were reported (e.g.,
separate analyses for subgroups) they were first transformed to a common metric (i.e.,
z-scores), averaged, then entered into the meta-analysis. Correlation coefficients (r) were
used as the common metric for data entry. When correlations were not presented, measures
of effect size were converted to rvalues. Standardized regression weights were converted
using the formula r=p+.05 A, (Peterson & Brown, 2005). When p-values were the only

_z
ik
z-score. Results reported as nonsignificant utilized a significance level of .50 (Rosenthal,
1984). Publication bias for the omnibus meta-analysis was examined at the outcome level
by calculating a funnel plot, Kendall’s Tau, and the fail-safe n. Meta-regressions were
performed to examine the type of population and outcome as moderators. Finally, certainty
assessments were based on GRADE (Guyatt et al., 2008) and rated by two authors. As

source of data, they were transformed using the equation r = based on the one-tailed
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recommended for observational studies, the rating started at “low quality” and was adjusted
based on the GRADE criteria.

Results

Overview of Studies

The main characteristics of these studies are shown in Table 1. In total, 3254 participants
were included in the meta-analysis. Most of these studies utilized relatively healthy samples
(67%), however, a number of studies used samples comprising both normotensive and
hypertensive individuals (33%). Only 1 study explicitly mentioned that participants currently
on antihypertensive medications were included in their sample (Karlin et al., 2003). Most

of the other studies excluded individuals on cardiovascular medication or utilized relatively
young samples. Finally, all 12 studies examined SBP while only 10 (83%) reported results
for DBP.

Overall Link Between Social Support and ABP

Across all 12 studies, higher social support was not significantly related to lower ABP
(Z2r=-.052, 95% CI [-.11, .01], p>.05). The confidence interval did indicate that the bulk

of plausible values were small, negative associations. Effect sizes ranged from Zr=-.41 to
Zr=+.007 and the test of heterogeneity was not significant (Q11)=12.6, p=.32). The fail-safe
n of 16.5 indicated possible publication bias as it was well below the traditional 5k +10
recommendation (above 70 studies for this review). To further examine the possibility of
bias, a funnel plot of effect sizes as a function of sample size was plotted. It should show

a roughly symmetric funnel plot that varies with increasing samples sizes (Rosenberg et

al., 2000). As shown in Figure 2, this pattern was not obtained again suggesting bias in

the results. A direct test of the association between effect sizes and sample sizes revealed

a significant link (Kendall’s Tau=.61, p=.006) consistent with the other measures of bias.
Based on these data, two authors provided a rating of the certainty of evidence based on the
GRADE criteria (Guyatt et al., 2008). The meta-analysis was based on observational studies
so the rating started on low quality and was adjusted based on the available evidence (e.g.,
bias, precision, magnitude of effect). Due to the small effect size, inconsistency of the effect
sizes across studies, and evidence of bias, both authors agreed that the final rating was very
low quality which means that the true effect size is likely to be markedly different from the
estimated effect (Guyatt et al., 2008). Thus, the evidence for an association between social
support and lower ABP is weak with the possibility that no association exists.

Exploratory Moderator Analyses

The above analyses suggest uncertainty in the association between social support and ABP.
Although the heterogeneity test was not significant, exploratory analyses were conducted
given that moderators are especially important when there are inconsistent links and might
have implications for future research (Baron & Kenny, 1986). It is possible that effect sizes
might differ based on whether the sample has a chronic condition, which is important to
understand the potential disease stage possibly linked to social support. Eight studies used a
relatively healthy sample and produced the largest significant effect size (Zr=-.09, 95% CI
[-.17, -.01]) compared to the 4 studies that had a mix of healthy and clinical populations

J Behav Med. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Uchino et al.

Page 6

(Zr=-.004, 95% CI [-.10, .10]). This difference between these effect sizes, however, only
approached significance (Q(1)=3.44, p=.06), see Table 2). The type of outcome was also
examined given the relatively stronger prognostic risk associated with SBP compared to
DBP (Conen & Bamberg, 2008). In these analyses, the effect size for social support
appeared comparable for ambulatory SBP (Zr=-.05, 95% CI [-.10, —.003]) and ambulatory
DBP (Zr=-.03, 95% CI [-.09, .03]). The difference between these outcomes was not
significant (Qy)=-37, p=.54).

Finally, although not predicted a priori, another potentially important moderator that
emerged during the examination of individual studies was whether studies controlled for
within-participant behavioral variables that influence ABP such as posture and activity level
(Kamarck et al., 1998). Many studies treat these variables as important sources of error

to be statistically controlled and 4 out of 12 studies (33%) did so in the current review.
Moderator analyses showed that studies which statistically controlled for such variables had
somewhat larger effect sizes (Z/=—-0.10, 95% ClI [-.26, .07]) compared to studies that did
not (Zr=-0.04, 95% CI [-.10, .03]); however, this difference was not statistically significant

(Qu=1.03, p=31).

Discussion

The main goal of this review was to examine the meta-analytic link between perceived
social support and awake ABP during daily life. Such links would suggest the importance
of ABP as a potential mechanism linking social support to cardiovascular risk. Analyses
suggested that the effect size was in the predicted direction but there was consistent evidence
of bias in published studies. Exploratory moderator analyses did not reveal any significant
differences but suggested that effect sizes were larger when examining healthy samples and
statistically controlling for within-participant behavioral factors such as posture and activity
level. Although the moderator analyses were clearly exploratory, it may be important to
guide future research as the current analysis suggests that the evidence for a main effect
between social support and overall ABP is of very low quality (certainty of evidence) and
includes the possibility that no association exists.

There are several factors that warrant discussion given the present set of findings. It is
possible that other indices of ABP might show stronger links to social support. The focus of
the current meta-analytic review was on awake ABP which is a predictor of cardiovascular
disease risk (Pickering et al., 2006). However, there are other indices of ambulatory blood
pressure which are important to examine. One such outcome is nocturnal blood pressure
dipping given our meta-analysis excluded such studies (Yano & Kario, 2012). A systematic
review based on 11 studies found consistent links between low social support and a non-
dipping profile which is related to cardiovascular risk (Fortmann & Gallo, 2013). Future
research should also explore ABP variability which is emerging as an additional risk factor
(Mena et al., 2017).

If we assume that the effect size is small or zero, moderators become an important
consideration as effect sizes might differ depending on other factors. In the current review,
we focused a priori on type of population (i.e., healthy, cardiovascular diagnosis) and
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outcome (i.e., SBP or DBP). The effect sizes in moderation analyses were non-significantly
larger for healthy populations and comparable for SBP and DBP as outcomes. Future work
will be needed to test if these potential differences emerge as more studies are conducted. In
addition, perceived support is only one important operationalization of social relationships
that has been linked to health. In this meta-analysis, 10 studies focused on general perceived
support, whereas 2 studies focused on work-related perceived support. Given the small
number of studies examining work-related support, future work will be needed to examine if
more specific sources of support show stronger links to ABP. It is also important to note that
complex measures of social integration appear to be more strongly linked to mortality (Holt-
Lunstad et al., 2010) and received support is separable from perceived support and appears
more contextual (e.g., responsiveness, Selcuk & Ong, 2013). However, there is currently
little research examining associations between social integration/received support and ABP.
Of the two studies on received support and ABP one found a negative association and the
other a positive association (Piferi & Lawler, 2006; Vella et al., 2008).2 The only published
study for social integration found it was associated with significantly lower ABP (Rau et al.,
2001). Future work that examines other conceptual moderators (e.g., stress-buffering model,
Cohen & Wills, 1985; but see Barrera, 1986) might also result in larger effect sizes between
social support and ABP.

Another exploratory moderator was whether studies statistically controlled for behavioral
states (typically within-participants) that are related to ABP including posture and activity
level. Of the studies in this review, 33% statistically controlled for such factors. The
assumption of these studies is that such factors add measurement error to ABP assessments
given the myriad of factors that might influence blood pressure in the daily environment
(Kamarck et al., 1998). Although the contrast was nonsignificant, these studies appeared
to be associated with slightly larger effect sizes compared to those that did not. Of course,
it is difficult to make strong inferences given that these studies might differ on other
characteristics, and it is unknown if study results might have changed if such controls were
utilized. Given the correlational nature of existing ABP studies in the natural environment
there is justification for use of these controls. However, future research should consider
reporting results when such variables are controlled for and when they are not.

Based on the GRADE criteria (Guyatt et al., 2008), certainty judgements suggested that

the evidence in this meta-analysis was of very low quality which means that the true

effect size is likely to be markedly different from the estimated effect. Future research can
improve inferences be including more powerful study designs such as prospective studies
that examine changes in both support and ABP over time. It is also possible to conduct
randomized control trials (see Lindsay et al., 2019) which seek to modify social support
and examine its impact on ABP. In addition, the publication of potential null and positive
associations between social support and ABP would reduce bias in this literature and lead to
stronger inferences.

There are several limitations of the current review that warrant discussion. First, as noted
above the number of studies and associated sample sizes in most cases were not large so

2\\e thank Dr. Vella who provided the data for this review (Vella et al., 2008).
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future work will be needed to build on these findings. Second, these results are mostly
limited to general perceptions of support. Such measures tend to have stronger links to
health compared to measures of received support which appears more sensitive to the
stressor context (Holt-Lunstad et al., 2010; Uchino, 2009b). However, complex measures of
social integration appear to show larger effect sizes on mortality (Holt-Lunstad et al., 2010)
so future studies should examine such measures alongside measures of perceived/received
support. Relatedly, specific dimensions of perceived support might be more strongly related
to ABP so studies that conceptualize perceived support as a multidimensional construct are
needed (Bowen et al., 2013). Finally, methodological characteristics of studies besides the
inclusion of behavioral covariates (e.g., ABP protocol) might also be important. Overall,
this review raised questions about the current strength of a main effect link between

social support and overall ABP, a concern that was amplified by the likely presence of

bias in published studies. Future work focusing on conceptual (e.g., operationalization

of relationships, stress-buffering) and methodological (i.e., within-participant behavioral
covariates, type of blood pressure assessment) issues will allow for a more precise
understanding of such links and potential boundary conditions that can guide much needed
theoretical and intervention work.
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64 Records identified through
database searching and review

52 Records after duplicates
removed

Page 12

6 Records excluded based on title/abstract
2 No quantitative data (e.g., reviews)

v

46 Records examined in detail

4 No support or ABP measures examined

34 Records excluded
12 No direct measure of support

v

12 articles included in meta-
analysis

Figurel.

\4

16 No support - ABP link examined
3 Averaged over awake and sleep ABP so might
reflect nocturnal dipping
3 Did not focus on perceived support and ABP
2 Examined received support and ABP
1 Examined social integration and ABP

Meta-analytic flow chart describing selection of studies.
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Figure 2.

Funnel plot examining effect sizes as a function of sample size.
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