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Abstract Cardiac patients who have social support gen-
erally have better prognosis than patients who lack social
support. Several theoretical mechanisms have been pro-
posed to explain this protective effect, including the
capacity of social support to buffer the negative effects of
stress. We tested this buffering effect in a study of patients
hospitalized for acute coronary syndrome (ACS) in Spain.
Several days after the cardiac event patients answered a
questionnaire measuring stressful events during their life-
time, perceived social support around the time of the car-
diac event, and depression symptoms in the past week.
Results showed that stressful life events were related to
depressive symptoms and worse renal function post-ACS
only among patients with low perceived social support.
Among patients who reported enough social support, life-
time stress was not related to depressive symptoms. No
similar effects were observed on other prognostic indica-
tors such as troponin levels or the number of obstructed
arteries. These results suggest that social support can buffer
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Introduction

A meta-analytic review of 148 studies concluded that social
support is related to a 50% reduction in the likelihood of
dying from all-causes—an effect size comparable to that of
several well-established risk factors such as smoking or lack
of physical activity (Holt-Lunstad et al., 2010). More
specifically, social support plays an important role in the
onset and recovery from cardiovascular disease (CVD) (Lett
et al., 2005). People with limited social support are at a
greater risk to develop CVD and are more likely to die once
they develop it (Barth et al., 2010). Low social support also
predicts more extensive CVD progression measured by the
extent of atherosclerosis (Wang et al., 2005).

The mechanisms explaining the effect of social support on
cardiovascular health are likely multiple (Uchino et al.,
2012; Wills & Ainette, 2012). Research suggests that social
support can have an indirect effect on cardiovascular out-
comes through several biological, cognitive, and beha-
vioural pathways. For instance, high social support is related
to better immune-system functioning, less cardiac reactivity,
lower blood pressure, and lower inflammation (e.g., IL-6 and
C-reactive protein) (Tomfohr et al., 2015; Uchino et al.,
2012; Wills & Ainette, 2012). In addition, low social support
often coexists with depression and it can contribute to the
emergence and increase of depression symptoms (Lett et al.,
2005). Cross-sectional and longitudinal studies in cardiac
patients show that low social support increases the chances of
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suffering depression following a cardiac event (Frasure-
Smith et al., 2000; Leitheit-Limson et al., 2012). Depression,
in turn, is a risk factor associated with a two-fold increase in
the risk of negative cardiovascular outcomes (e.g., mortality)
(Van Melle et al., 2004).

Stress is another psychological factor found to con-
tribute significantly to cardiovascular disease (Greenwood
et al., 1996). Social support can be beneficial to cardiac
patients because it can attenuate harmful cardiovascular
changes during stressful events. This benefit is predicted by
the buffering model, which posits that social support
becomes crucial when individuals undergo stressful events
(Cohen & Wills, 1985). This means that the negative effect
of stressful events would be stronger or only observed in
individuals who lack social support, whereas individuals
high on social support would be protected from the nega-
tive effects of stress. For instance, a recent study found that
social support buffered the negative effects of post-dis-
charge stress on depressive symptoms a month after car-
diac hospitalization (Ledn-Pérez et al., 2016). Whereas the
positive effects of social support on mental health are
easily replicable, the evidence of the stress-buffering
effects of social support on health is more inconsistent
(Lakey & Orehek, 2011). Studies testing the buffering
effect of social support in cardiovascular patients are rel-
atively scarce (Cohen & Wills, 1985; Fontana et al., 1989;
Greenwood et al., 1996; Leon-Pérez et al., 2016) and after
many years of research there is no convincing body of
evidence to support the model. In addition, studies have
also often measured different types of social support
including structural, received, or perceived, which may
have contributed to the generation of mixed results (Barth
et al., 2010; Gallant, 2013). Among these, perceived social
support has most consistently been related to health out-
comes (Uchino, 2009). Researchers have also called for
more sophisticated statistical methods to test for the pro-
posed theoretical pathways (Uchino et al., 2012).

To address these issues, in the current research we tested
the buffering model in cardiac patients. We hypothesized
that perceived social support would buffer the negative
effect of stress on health, such that stressful events will
have a negative relationship with health mainly among
individuals with low social support.

We examined the proposed mechanisms in a retro-
spective study of patients hospitalized for an acute coro-
nary syndrome (ACS). In particular, we investigated the
relationship between stressful life events and perceived
social support with mental and physical health outcomes,
including depressive symptoms and disease severity. Suf-
fering depression after ACS is a recognized predictor of
new cardiovascular events, cardiac mortality, and all-cause
mortality in ACS patients (Van Melle et al., 2004). Mea-
sures of disease severity included the subtype of disease
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(ACS with or without ST-segment elevation), cardiac
enzymes (troponin), and the number of obstructed arteries.
These indicators are recognized predictors of patient
prognosis and are routinely used in practice for diagnostic
and prognostic purposes (Hamm et al., 2011; Task Force
on the Management of ST-Segment Elevation Acute
Myocardial Infarction of the European Society of Cardi-
ology (ESC) et al., 2012). We also considered indicators of
renal function, which is another recognized predictor of
mortality and morbidity of patients with ACS (Al Suwaidi
et al., 2002). Even mild renal impairment was found to be a
predictor of increased risk of death and cardiovascular
impairment in ACS patients (Anavekar et al., 2004).

The current study builds on previous research conducted
mainly in the United States or North-Europe (Wills &
Ainette, 2012). Given that social support can act differently
across diverse cultures (Rodrigues et al., 2014), the current
research adds valuable cross-cultural evidence.

Method

We conducted a cross-sectional observational study of
patients with acute coronary syndrome (ACS). We measured
stressful life events, perceived social support, depressive
symptoms, and several disease severity and prognostic
indicators. We also recorded information on classical CVD
risk factors which we used as control variables.

This study was part of the project “PySCA: Study on the
impact of psychological factors in acute coronary syn-
drome” developed in collaboration between the University
Hospital Virgen de las Nieves and the University of
Granada in Spain. The project consists of a series of studies
investigating the relationship of diverse psychological
factors to clinical outcomes in ACS patients. The sample
used in this study forms part of a larger study investigating
the relationship between Type D personality and cardiac
outcomes, the results of which are reported elsewhere
(Garcia-Retamero et al., 2016). The social support and
depression measures reported here were added to the
existing questionnaire (which already included the stress
measure) to test the hypothesis of the current study.

Participants

Participants were admitted with ACS to the hospital Virgen
de las Nieves in Granada (Spain) between June 2012 and
June 2013 and were recruited on average 4 days after the
cardiac episode. Recruitment took plays on days when both
a research assistant and a cardiologist were available. The
inclusion criteria for the study were having elevated car-
diac markers (i.e., Troponin-I) and clinical and electro-
cardiographic signs of ischaemia. These criteria aimed to
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identify patients with high-risk coronary syndromes as
opposed to other causes of thoracic pain. The exclusion
criteria were having an inflammatory disease and/or having
neurological problems, as these could influence the values
of diverse tests and/or patients’ ability to participate in the
research. A cardiologist screened the day’s admission
charts for clinically stable eligible patients. Eligible
patients were addressed by a psychologist who described
the purpose of the study and answered questions when
required. The study was described as a study about the role
of psychological factors in heart disease which involved
the completion of a questionnaire (the information sheet
provided can be found in “Appendix 17). In an effort to
minimize exclusion due to illiteracy or other obstacles
(e.g., decreased vision), the researcher offered help with
questionnaire completion to all patients. Patients who were
not feeling well at that moment or were otherwise occupied
but were willing to participate were approached again on
the next day. Patients received a brief description of the
study in written form and signed an informed consent.

During the study period, a total of 301 patients with
ACS were admitted to the cardiology department. Of these,
152 were screened when research personnel was available,
qualified for participation according to the criteria, and
were approached. Ninety-nine (65%) agreed to participate
and constituted the sample for this study. Common reasons
to decline participation were not feeling well at the
moment, not having time, and not being interested in the
research. All participants who agreed to participate formed
part of the final sample.

Post-hoc sensitivity analysis with G*power (http://
gpower.hhu.de/) showed that, given an alpha level of .05,
power of .80, 5 control variables, and 3 predictors of
interest (social support, stress, and their interaction), with
the current sample (N =99) a medium-sized -effect
(R2 =.10) could be detected. We considered a medium-
effect size to be of potential clinical significance.’

Measures

Participants completed the questionnaires described below
and several other questionnaires included in the larger
study described elsewhere (Garcia-Retamero et al., 2016).
Experienced practicing cardiologists extracted information
regarding classical risk factors and biomarkers of ACS
severity from patients’ medical records.

! To detect a small effect size (R2 = .05) under the same conditions,
212 participants would have been necessary.

Psychological constructs

Holmes and Rahe’s stress scale (Holmes & Rahe,
1967) The scale includes a list of 45 stressful life events
(e.g., a death of a spouse, promotion at work, retirement,
pregnancy, etc.). Patients indicate if they have experienced
each event during their lifetime. Each experienced event is
then assigned a “life change” score in accordance with
how traumatic the event was rated. These scores are
summed up with final scores ranging from 0 to 1467, where
a score > 300 indicates a high risk of developing a stress-
related illness. The scale is validated for use in a Spanish
population and has demonstrated significant associations
with health variables (Blasco-Fontecilla et al., 2012;
Motrico et al., 2017). The internal consistency of the scale
in the current sample was Cronbach’s o = .82.

ENRICHD Social Support Instrument (ESSI) (Vaglio et al.,
2004) This instrument measures patients’ current situa-
tion with regard to perceived social support. Items 1-6
assess perceived emotional and instrumental support (e.g.,
having someone who listens, who gives advice or helps
with everyday tasks) on scales ranging from 1 (never) to 5
(always). The last item is a dichotomous question (Whether
the patient is married or living with a partner; 0 = no,
1 = yes). The final score is a sum of all items and ranges
from 6 to 31, where higher scores indicate more perceived
social support. We could not locate a validated Spanish
version of the scale, so we translated it from English
(translation available in “Appendix 2”). We did not con-
sider any items to need cultural adaptation and no diffi-
culties with any particular item emerged during data
collection. The internal consistency of the scale in the
current sample (Cronbach’s o = .82) and the pronounced
positive skew of the distribution corresponded to those of
the original version (Mitchell et al., 2003), demonstrating
the suitability of the translation.

Beck’s Depression Inventory (BDI) (Beck et al,
1996) This questionnaire includes 20 items that evaluate
the presence of depressive symptoms in the week preced-
ing the study. Answers were coded from O (absence) to 3
(permanent or insistent presence). A final score is obtained
by summing the corresponding items (range 0—60). There
is evidence from diverse populations demonstrating the
validity and reliability of the instrument, which has been
translated into Spanish and validated for use (Sanz et al.,
2005). The internal consistency of the scale in the current
sample was Cronbach’s o = .87.

Disease severity indicators and classical risk factors

Based on guidelines of the European Society of Cardiology
regarding management of ACSs (Hamm et al., 2011) and
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cardiovascular disease prevention (Perk et al., 2012), we
recorded several relevant indicators of severity of ACS and
classical cardiovascular risk factors. First, we recorded if
patients suffered a STEMI (i.e., an ST-elevation myocar-
dial infarction) or a non-STEMI. STEMI refers to a more
severe ACS characterized by ST-segment elevation on an
electrocardiogram test, whereas non-STEMI refers to a less
severe ACS, characterized by absence of ST-elevation;
STEMI is generally characterized by worse prognosis (Park
et al., 2013). We also recorded peak levels of the cardiac
enzyme troponin-I which is released in response to damage
of the myocardium. Higher peak values of troponin-I
reflect more damage to the myocardium. Troponin-I is
currently the biomarker with the best diagnostic and
prognostic value (Thygesen et al., 2012).> We also recor-
ded the number of obstructed arteries. An artery was
defined as obstructed when the stenosis reached more than
50% in a main branch. In case a percutaneous coronary
intervention was performed on the patient, we recorded the
number of coronary stents that the patient had implanted.
Finally, we measured renal function expressed as the
concentration of blood urea nitrogen (BUN) (mg/dl) and
creatinine (mg/dl). Elevated levels of these waste products
in the blood imply an impaired renal function, which is
strongly predictive of subsequent disease prognosis (e.g.,
mortality) (Al Suwaidi et al., 2002). Of the two measures,
creatinine concentration is considered a better indicator of
renal function (Orvin et al., 2015).

We recorded if patients had any of the following clas-
sical risk factors: hypertension, diabetes, and smoking.
Patients were classified as hypertensive if they had more
than 140 MmHg of systolic blood pressure and more than
90 MmHg of diastolic pressure, had previous history of
hypertension, or were taking antihypertensive drugs.
Patients were classified as diabetics if they had (a) fasting
blood glucose of > 126 mg/dL, (b) they had previous
history of diabetes mellitus, or (c) they were taking insulin
or oral hypoglycemic. If patients smoked daily, they were
classified as smokers. Otherwise, they were classified as
non-smokers [see Garcia-Retamero et al. (2016) for similar
procedures]. Finally, we also considered age and gender
(Hamm et al., 2011; Perk et al., 2012).

2 Per protocol we also extracted peak myoglobin values (another
cardiac biomarker similar to troponin). However, recently the hospital
stopped using this biomarker for diagnostic or prognostic purposes
because of the superiority of new generation high-sensitivity troponin
tests. For this reason, we eventually do not report results using
myoglobin (which also showed no significant relationships of inter-
est).
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Analyses

Patients’ profiles were analysed using descriptive statistics.
We assessed the reliability of the scales and addressed
assumptions for the use of statistical analyses when
required. To investigate the relationship between the psy-
chological constructs and biomarkers we first computed
Pearson correlations (Spearman Rho for troponin-I which
was skewed). We next tested the hypothesized buffering
model (i.e., an interaction between stress and social support
indicating moderation) using the PROCESS Add-on for
SPSS (Preacher & Hayes, 2008). We also divided patients
into two social support groups based on a median split that
due to the skewed distribution created two meaningful
categories: high (enough) social support (49%, score > 27,
e.g., indicating that social support is “always” available on
most or all question) and low (lacking) social support
(51%, score, e.g., < 27 indicating some lack of support on
several or most questions). We conducted analyses using
both the continuous score and the group variable. Below
we report the results using the group variable and discuss
the differences found between these results and the results
with the continuous variable.

Results

Participants were 84 males and 15 females with an average
age of 61 years (min = 31, median = 62, max = 80). Out
of the 99 participants, 33 were smokers, 42 had diabetes, 56
had hypertension, and 37 had a STEMI. Table 1 shows
detailed descriptive statistics of the continuous variables.
Correlations between the psychological constructs and
biomarkers are reported in Table 2. There were no signif-
icant correlations between stress or social support and
STEMI, troponin-I, the number of obstructed arteries, or
the number of stents; however, there were significant cor-
relations between both social support and depressive
symptoms with the indicators of renal function (BUN and
creatinine). In addition, higher social support was not
related to stress but it was related to fewer depressive
symptoms.

In sum, social support was related to depressive symp-
toms and to worse renal function. In addition, depressive
symptoms were also related to renal function, suggesting
that there could be a relationship from depressive symp-
toms to renal function. Following these correlation results,
we tested the buffering effect on the two indicators of renal
function, also integrating the possibility of a relationship
between depressive symptoms and renal function. Thus, we
tested for an extended moderated mediation model con-
sistent with our initial hypothesis, such that stress was
related to worse health (more depressive symptoms and
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Table 1 Descriptive statistics for continuous indicators
Minimum Maximum Mean SD

Stressful life events (< 300) 191.00 1720.00 626.99 236.94
Social support 8.00 31.00 25.90 5.55
Depression (< 16) 0.00 36.00 10.29 8.20
Stent implants 0.00 7.00 1.32 1.27
Obstructed arteries 0.00 3.00 1.76 0.96
Troponin-I (0.01-0.05 ng/ml) 0.01 102.00 18.49 29.52
BUN (10-20 mg/dl) 15.00 141.00 38.64 17.62
Creatinine (0.4—1 mg/dl) 0.56 8.91 1.10 0.93
Values in parenthesis indicate normal/recommended range (where applicable)
BUN blood urea nitrogen
Table 2 Pearson’s correlations between psychological constructs and biomarkers

Stress  Social support Depressive symptoms Troponin STEMI  Stent implants Obstructed arteries BUN
Social support 047 -
Depressive symptoms 122 — .381%* -
Troponin —.068 — .040 - .133 -
STEMI 026 — .017 - .202 JT12% -
Stent implants - .092 .016 - .132 444* 348* -
Obstructed arteries 140 — .007 183 — .062 - .023 392% -
BUN 047  — 214% .386 — .004 - .128 —.071 214% -
Creatinine 079 - .267* 396 220%  —.093 - .005 231% 701*

BUN blood urea nitrogen, STEMI ST-elevation myocardial infarction versus non-STEMI

Correlations for troponin-I are Spearman Rho. Significant correlations (¥p < .05) are in bold

worse renal function), and this negative cascade was only
found in individuals low on social support (see Fig. 1 for
an illustration).

The PROCESS macro offers methods suitable for small
samples and estimates a moderated mediation index (MMI)
testing for moderated mediation consistent with the model
displayed in Fig. 1 (Preacher & Hayes, 2008). In addition
to estimating the coefficients of the model using ordinary
least squares regression, the macro estimates conditional
indirect effects in moderated mediation models. In partic-

Fig. 1 Results of the moderated
mediation analyses controlling
for age, gender, smoking,
hypertension, and diabetes.
Coefficients are standardized P.

Social support

Values in parenthesis are 3 _55%
coefficients from models
without depressive symptoms. \

R? = percentage of explained

*
variance 36

Stressful life events

ular, first the proposed mediator (depressive symptoms) is
regressed on the independent variable (stress), the proposed
moderator (social support), their interaction, and control
variables. Second, each of the proposed outcome variables
is regressed on the mediator, the independent variable, and
control variables. Moderated mediation indices (MMI),
unstandardized mediated effects (UME), and associated
95% confidence intervals (CIs) are obtained using a bias-
corrected bootstrap procedure based on 5000 samples. An
effect is considered significant if the Cls exclude 0. The

Depressive
symptoms
R?=.14
(Adjusted R?=.06)

Blood Urea Nitrogen
R?=.21
(Adjusted R?=.14)

Creatinine
R2=.23
(Adjusted R?=.18)
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MMI indicates whether the indirect effect is conditional,
i.e., differs significantly as a function of the moderator
(Hayes, 2015). The UME estimates the indirect effects at
pre-specified levels of the moderator. In the context of this
research, a significant MMI would indicate that the effect
of stress on outcomes through depressive symptoms is
different for patients high and low on social support.
Estimating the UMEs separately in patients with high and
low social support will tell us how this effect is different.
To estimate the effect sizes of the UMES, we used Preacher
and Kelley’s (Preacher & Kelley, 2011) Kappa?® coefficient
(.01 for small, .09 for medium, and .25 for large). We also
used the completely standardized indirect effect (CSIE),
which reflects by how many standard deviations the out-
come variable changes for one unit change in the inde-
pendent variable (due to the indirect effect only). Both of
these effect size measures are available only in models
without control variables.

We ran two moderated mediation analyses: one for BUN
and one for creatinine. We conducted all analyses con-
trolling for basic demographics and risk factors (age,
gender, smoking, hypertension, and diabetes). Results
including standardized coefficients (ff) are depicted in
Fig. 1. Below we report unstandardized coefficients B.

Depressive symptoms In the multiple regression model
with depressive symptoms as dependent variable, higher
stress was related to more depressive symptoms post-ACS,
B = .01, CI [.004, .02], p = .021. Social support was not
related to depressive symptoms, B = 6.07, CI [— 2.31,
14.46], p = .232. However, there was a significant inter-
action between stress and social support, B = — .02, CI
[— .03, — .003], p = .048, indicating that social support
moderated the relationship between stress and depression
symptoms. To understand this interaction effect, we divi-
ded the sample in two groups — low social support and
high social support—using the median split variable and
conducted multiple regressions including stress and the
control variables as predictors. This revealed that high
stress was related to more depressive symptoms among
patients with low social support, § = .37, p = .026, but not
among patients with high social support, f = — .06,
p = .734. None of the control variables were significantly
related to depressive symptoms (p > .05).

BUN In the multiple regression model with BUN as
dependent variable, depressive symptoms were the only
significant predictor of BUN, B = .81, CI [.43, 1.19],
p < .001, suggesting the presence of a mediation effect of
stress via depressive symptoms on BUN (see Fig. 1). There
was also a significant moderated mediation index MMI =

— .012, CI [ .037, — .001], showing that social support
moderated this mediation effect. Among patients with low
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social support, there was significant mediation, UME =
.012, CI [.002, .032], with a medium-to-large effect size,
Kappa® = .18, CI [.03, .39], CSME = .17, CI [.03, .37].
However, among patients with high social support
depressive symptoms did not mediate the relationship
between stress and BUN, UME = — .001, CI [— .008,
.009].

Creatinine In the multiple regression model with crea-
tinine as dependent variable, depressive symptoms were
the only significant predictor of creatinine, B = .05, CI
[.03, .07], p < .001, also suggesting the presence of a
mediation effect of stress via depressive symptoms on
creatinine (see Fig. 1). The moderated mediation index
MMI = — .001, CI [— .003, .000], suggested that social
support moderated this mediation effect (although note that
the lower 95% CI bound is 0). In particular, among patients
with low social support, there were indications of media-
tion, UME = .001, CI [.0000, .002], with a medium-to-
large effect size, Kappal2 = .17, CI[.02, .36], CSME = .16,
CI [.00, .36]. However, among patients with high social
support depressive symptoms did not mediate the rela-
tionship between stress and creatinine, UME =0, CI
[— .0007, .0004].

The mediation results with social support as a continu-
ous variable were in a similar direction, showing positive
mediation effects for values of social support at or lower
than the 50th percentile (UMESs from .003 to .010 for BUN
and from .0002 to .0007 for creatinine) and zero or no
mediation effects for values of social support higher than
the 50th percentile (UMEs from — .0002 to — .001 for
BUN and from .000 to — .0001 for creatinine). However,
the interaction between stress and social support on
depressive symptoms was not significant (p > .05) and the
95% Cls for the moderated mediation indexes included 0
with MMI = — .001, CI [— .004, .0001] for BUN, and
MMI = — .0001, CI [— .0003, .000] for creatinine, show-
ing that the effect did not proportionally decrease at higher
values of social support. We discuss the implication of this
finding in the discussion. Figure 2 illustrates the modera-
tion effect of social support based on the analysis with the
continuous variable, showing that the effect of stress is
only observed for values below the cut-off used for the
median split.

Discussion

More stressful life events were related to more depressive
symptoms post-ACS, which were in turn related to more
impaired renal function. Consistent with the buffering
model, this negative cascade was observed only among
patients with low perceived social support. In contrast,
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Fig. 2 Relationship between stress and predicted depression score
from the multiple regression model with social support as a
continuous variable. Social support (cut-offs indicated) and stress
groups (based on terciles) are for illustration purposes. Error bars
represent standard errors

stressful life events were not related to depressive symp-
toms in patients with high social support (see Fig. 2).

These results demonstrate that the availability of social
support can help buffer the negative effects of accumulated
stressful events on individuals’ responses to acute life
stressors such as a life-threatening cardiac event. Previous
research has often focused on studying different types of
stress separately (e.g., adverse life events, acute stress or
chronic strains) and establishing which type is most influ-
ential; however, different stressors rarely occur in isolation.
Instead, stressors most likely interact and exert joint effects
on health (Sandin, 2003). For example, a primary stressor
(e.g., divorce) can indirectly lead to a secondary stressor
(e.g., chronic stress and daily hassles) that has an effect on
health. Thus, the experience of previous stressors can result
in cumulative adversity and condition how individuals will
respond to new stressors (Sandin, 2003). However, the
extent to which individuals will be affected by accumulated
life stressors depends on the resilience they develop to
adverse circumstances (Seery et al., 2010). Social support
is one of the factors proposed to help build such resilience
(Sandin, 2003). In line with this proposition, in the current
study participants who had experienced more stressful life
events were more affected by a new stressor (i.e.,. had
worse mental health and renal function after a cardiac
event) but only if they perceived that they lacked social
support. This demonstrates how the availability of social
support can make vulnerable individuals more resilient to
new acute stressors.

We found that the psychological constructs were related
to biomarkers of renal function but were not related to
other markers of disease severity. Among individuals with
low social support, the indirect effect of stress on renal
function was of medium size, suggesting an important
clinical difference. It is possible that renal function
biomarkers offer more sensitive measurement than the
other markers of disease severity or that there are small
buffering effects that the current study was not powered
enough to detect. Renal function might also have a more
direct impact on the subjective well-being of patients.
Fatigue and trouble sleeping are common symptoms of
renal dysfunction that could be reflected in the depression
symptoms score. In clinical practice of ACS care renal
function is rarely monitored beyond the purpose of
adjusting the medication dosage. We included it in the
study protocol because of its documented prognostic value.
Renal function is a recognized predictor of mortality,
morbidity, and quality of life of CVD patients (e.g., it
predicts death or subsequent MI at 30-day and 6-month
follow-ups) (Al Suwaidi et al., 2002; Borghi et al., 2015).
However, renal function in the context of ACS remains an
under researched area, especially in relation to psycho-
logical factors. The current study suggests that its rela-
tionship to mental health in the context of ACS should be
explored further. To our knowledge this is the first study to
show that common psychological risk factors such as life
stress and depressive symptoms are related to renal func-
tion post-ACS in some patients.

Potential bio-behavioural pathways that underlie the
relationships between stress, social support, and renal
function include dysregulation of the Hypothalamic—Pitu-
itary—Adrenal (HPA) axis and inflammation (Cukor et al.,
2006; Uchino, 2006). For example, prolonged stress
responses may lead to overstimulation of the sympathetic
nervous systems and an increase of adrenaline and cortisol,
which could increase cardiovascular risk (O’Neil, 2013). In
addition, kidneys are responsible for the metabolism of
peptide and steroid hormones acting on the HPA axis,
suggesting a potential relationship between the HPA axis
and impaired renal function (Fallon, 2011). Finally, high
social support of family and friends is related to decreased
cortisol reactivity in stressful situations, which diminishes
activity in the dorsal anterior cingulate cortex and Brod-
mann area 9—areas related to social distress and emotional
regulation (Eisenberger et al., 2007).

Among different types of social support (Taylor, 2011)
such as tangible (i.e., receiving instrumental assistance) or
informational social support (i.e., receiving useful infor-
mation), the support measured in our study reflects peo-
ple’s perceptions of emotional social support (i.e.,
receiving affection from others, feeling that there is
someone who would listen or help when needed). Such
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support may be especially effective when stressors are
structural, i.e., cannot be changed by the individual (e.g.,
such as experiencing an ACS). For instance, precisely
perceived emotional support from family and friends buf-
fered the impact of the economic crisis (a structural stres-
sor) on Spanish residents’ health-related quality of life
(Fernandez et al., 2015).

In addition, it was the perception of having enough
versus lacking social support expressed by the dichot-
omized variable that resulted in the hypothesized interac-
tion between stress and social support. This procedure and
result is consistent with a large number of previous studies
that have contrasted high versus low social support and
found statistically and clinically significant effects on
outcomes (e.g., mortality, see Holt-Lunstad et al., 2010). In
the current study, the model predicted important differ-
ences in mental health (i.e., about 2-3 points) between
patients perceiving high versus low social support at high
levels of stress (see Fig. 2). Although the interaction with
the continuous social support variable was not significant,
results were in a similar direction. On one hand, these
results support the view of a threshold effect: the impor-
tance of perceiving enough support versus perceiving any
lack of support as the determining factor (Wills & Ainette,
2012). On the other hand, although there is a theoretical
justification for the dichotomization, it can produce spuri-
ous results. Thus, it is important that the current model is
replicated, preferably in a larger sample, to see if the
obtained results are robust and the effect sizes reliable.

Although the buffering model was proposed more than
30 years ago (Wills & Ainette, 2012), this is the first
research to our knowledge to examine its validity in ACS
patients in Spain. A crucial next step would be to find how
perceptions of emotional social support are formed and
how they can be enhanced, thereby generating health
benefits. Unfortunately, successfully increasing social
support does not guarantee observing more positive car-
diovascular outcomes. For instance, the ENRICHD inter-
vention using counselling sessions successfully increased
perceived social support but this increase did not reduce
risk of major adverse cardiac events (Berkman et al.,
2003), suggesting that more research is needed. One the-
oretical model that could be helpful in studying how
health-benefiting perceptions of social support are formed
is Relational Regulation Theory (Lakey & Orehek, 2011).
It proposes that, instead of talking about how to cope with
stress, people learn to regulate their thoughts and emotions
through daily social activities, and that social support is
effective to the extent that there is a match between the
support providers and recipients (Lakey & Orehek, 2011).
This emphasis on regulation in daily interactions suggests
that modern technologies like research apps that track daily
activities and people’s perceptions of support can be cost-
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effective tools that can help design interventions (Hogan
et al., 2002). To the best of our knowledge there are no
published interventions yet aiming to increase social sup-
port and improve health specifically based on insights from
Relational Regulation Theory. The theory predicts that
such interventions will be more effective if they focus on
relational influences and match recipients with providers,
so that supportive relationships emerge (Lakey & Orehek,
2011). However, in most interventions participants are
assigned providers that the researchers assume will be
supportive (Hogan et al., 2002; Lakey & Orehek, 2011).
Given the current results, another important aspect to
consider in intervention design is whether an intervention
would benefit all patients or only those who have experi-
enced high stress.

Like most research, this study has some limitations. The
data are cross-sectional and no causal inferences can be
made regarding the direction of the relationship between
stress, depression symptoms, and health outcomes. On one
hand, the large cross-cultural INTERHEART study showed
that psychosocial stress is associated with an increased risk
of acute myocardial infarction (Rosengren et al., 2004) and
a more recent study even demonstrated that activity in the
amygdala (a brain region involved in stress) predicts car-
diovascular events via increased bone marrow activity and
arterial inflammation (Tawakol et al., 2017). In addition,
there is evidence showing that post-discharge stress in
cardiac patients affects subsequent depressive symptoms,
supporting the model proposed in the current study (Le6n-
Pérez et al., 2016). On the other hand, intuition and lon-
gitudinal evidence speak in favour of bidirectional rela-
tionships between perceived stress, mental distress, and
cardiac symptoms [e.g., perceived stress exacerbates car-
diac symptoms and cardiac symptoms in turn increase
perceived stress (Fontana et al., 1989)]. Whatever the
specific direction of the relationship between stress,
depression, and health outcomes, the current studies show
that consistent with the buffering model, it is stronger
among patients who lack social support.
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Appendix 1: Information given to participants
about the objective of the study (translation
from Spanish)

Dear patient:

Your doctor has raised the possibility of participating in
the study “PYSCA: STUDY ON THE IMPACT OF
PSYCHOLOGICAL FACTORS IN ACUTE CORONARY
SYNDROME: INCIDENCE, PHYSIOPATHOLOGICAL
MECHANISMS, AND INTERVENTION PROCE-
DURES.”

Atherosclerosis is the main and immediate cause of
coronary heart disease and its clinical manifestation. We
know a lot about how some factors such as smoking and
diabetes affect the development of this disease, but it is
also important to study the influence of psychological
factors such as personality, stress, or depression.

The objective of this study is to determine how emo-
tional and personality factors, evaluated by means of
questionnaires, could influence coronary disease and/or the
clinical outcomes after a coronary intervention. We also
intend to determine how these psychological factors
influence the development and progression of the disease.
During your time in the hospital, we will evaluate your
type of personality, lifestyle, and other relevant factors
using standardized questionnaires. In addition to the usual
analysis conducted, an additional 20 mL blood sample will
be required for the analysis of inflammatory markers.

Appendix 2: Spanish version of the ENRICHD
Social Support Instrument (Mitchell et al., 2003)

Por favor, lea las siguientes preguntas y marque la
respuesta que mejor describa su situacion en la actual-
idad.

1. jHay alguna persona que esté dispuesta a escucharle
cuando usted necesita hablar?

1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

2. (Hay alguna persona que pueda darle un buen consejo
sobre un problema cuando usted lo necesita?

1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

3. ;Hay alguna persona que le muestre amor y carifio?
1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

4. ;Hay alguna persona que le ayude con las tareas
diarias?

1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

5. (Hay alguien que pueda ofrecerle apoyo emocional
(hablar sobre sus problemas o ayudarle a tomar una
decision dificil)?

1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

6. Piense en una persona cercana, de la que pueda estar
seguro(a) y en la que pueda confiar ;Tiene con ella tanto
contacto como desearia?

1: Nunca 2: Casi nunca 3: Algunas veces 4: La mayoria
de las veces 5: Siempre

7. Actualmente, jesta usted casado o vive con su pareja?
[1Si[]No
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