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Abstract

Background Cardiovascular diseases (CVDs) are a major cause of morbidity and mortality around the globe and
psychosocial factors are not sufficiently understood.

Aim In the current study, we aimed to evaluate the role of different psychosocial factors including depressive
symptoms, chronic stress, anxiety, and emotional social support (ESS) on the incidence of hard CVD (HCVD).

Methods \We examined the association of psychosocial factors and HCVD incidence amongst 6,779 participants

in the Multi-Ethnic Study of Atherosclerosis (MESA). Using physician reviewers'adjudication of CVD events incident,
depressive symptoms, chronic stress, anxiety, emotional social support scores were measured by validated scales.

We used Cox proportional Hazards (PH) models with psychosocial factors in several of the following approaches: (1)
Continuous; (2) categorical; and (3) spline approach. No violation of the PH was found. The model with the lowest AIC
value was chosen.

Results Over an 8.46-year median follow-up period, 370 participants experienced HCVD. There was not a statistically
significant association between anxiety and HCVD (95%Cl) for the highest versus the lowest category [HR=1.51
(0.80-2.86)]. Each one point higher score for chronic stress (HR, 1.18; 95% Cl, 1.08-1.29) and depressive symptoms (HR,
1.02;95% Cl, 1.01-1.03) was associated with a higher risk of HCVD in separate models. In contrary, emotional social
support (HR, 0.98; 95% Cl, 0.96-0.99) was linked with a lower risk of HCVD.

Conclusions Higher levels of chronic stress is associated with greater risk of incident HCVD whereas ESS has a
protective association.
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Introduction

Cardiovascular diseases (CVDs) are a major clinical and
public health burden and globally, CVD is a principal
reason of death. World Health Organization projected
17.7 million CVDs death in 2015, demonstrating 31%
of all worldwide mortalities. Stroke was responsible for
approximately 6.7 million of these fatalities, whereas
coronary heart disease was responsible for 7.4 million
(CHD) [1]. Lack of physical activity, high blood pressure,
obesity, smoking, diabetes mellitus, poor diet, high blood
cholesterol, and excessive alcohol drinking are the tradi-
tional CVD risk factors [2, 3].

In the recent decade, the significance of psychosocial
factors has been highlighted in the emergence of CVD.
A growing body of studies have recognized associations
between psychosocial characteristics and CVD inci-
dence and mortality [4, 5]. In observational studies, it has
been determined that high levels of anxiety and depres-
sion were linked with the incidence of CHD [6]. The
annual prevalence of depression in the US cardiovascular
patients was 9.3% in 2007 [7], whereas in US population
it was 7% [8]. In another study, people with poor social
support were at higher risk of premature development
and mortality from coronary artery disease (CAD) [9].
Several studies have indicated that stressful conditions in
family life and at work for a long time increase CAD risk,
especially chronic stress at work forecasts premature
CAD incident in men [10-12]. The INTERHEART study
indicated that a group of risk factors of psychosocial dis-
orders (i.e. stress in family life or at work, depression,
and social deprivation) is related to higher risk for myo-
cardial infarction [13]. Furthermore, studies have shown
individuals with depression, anxiety, and suppressed
anger had significant higher heart rates (HR) and reduc-
tion in HR variability that may have been resulted in the
increased cardiac morbidity rate [14, 15]. Increased HR
and/or reduced HR variability have characterized as an
important predictor for incidence of CHD [16]. Camacho
et al. sought to explore the associations of atherosclero-
sis and antidepressant using Multi Ethnic Study of Ath-
erosclerosis (MESA) and found no statistically significant
associations [17]. Based on an study utilizing UK Biobank
and Emerging Risk Factors Collaboration including more
560,000 participants, depressive symptoms can increase
the risk of CVDs [18]. The results of a multicenter study
with a mean follow up of 9.3 years that included more
than 145,000 participants from rural and urban com-
munities showed that depressive symptoms increased
the risk of CVD [19]. In a meta-analysis study including
323,709 participants, it was found that hazard ratio for
association of depression with myocardial infarction and
coronary death were 1.31 (95% CI, 1.09-1.57) and 1.36
(95% CI, 1.14-1.63), respectively [20]. Meng et al. con-
ducted a cohort study that included more than 500,000
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individuals and found that the hazard ratio for associa-
tion of depression and all-cause mortality of CVD was
1.32 [95% CI, 1.20-1.46] [21]. In another cohort study
including more than 12,000 individuals, Li et al. found
that loneliness (adjusted hazard ratio, 1.21; 95% CI, 1.02—
1.44) and restless sleep (adjusted hazard ratio, 1.21; 95%
CI, 1.06-1.39) are two of depression symptoms that were
significantly associated with CVD incidence [22]. More-
over, depression and anxiety could impact the cardiac
rehabilitation [23]. Using English Longitudinal Study of
Ageing (ELSA), Poole et al. found that depressive symp-
toms could predict the incidence of CHD (hazard ratio
1.11, 95% CI 1.04-1.20) [24].

In this study we sought to determine the association of
various psychosocial factors such as chronic stress bur-
den, depressive symptoms, anxiety, and emotional social
support with the incidence of HCVD in a longitudinal
manner.

Methods

Study Design and participants

The Multi Ethnic Study of Atherosclerosis (MESA) is a
longitudinal cohort study that examines risk factors for
clinical and subclinical CVDs in different racial/ethnic
groups [25]. The number of participants in this study was
6,814 with a range of 45-84 years old who were enrolled
from 6 major centers in the USA (St. Paul, MN; New York
City, NY; Forsyth County, NC; Los Angeles, CA; Chicago,
IL; Baltimore, MD). Samples included 47.2% males and
52.8% females, 38.6% Caucasian-Americans, 11.8% Chi-
nese—Americans, 27.7% African—American, and 21.9%
Hispanic-Americans and all of them were without any
CVDs at enrollment to the study. In total, six exams with
comparable procedures have been conducted (July 2000
to March 2018). We excluded participants who had miss-
ing data on all psychosocial indices as well as the out-
come; 6,779 contributors were qualified for evaluation of
chronic stress burden, symptoms of depression, anxiety
as well as emotional social support. The blood samples
were drawn from participants and sent to central labo-
ratory at University of Minnesota and University of Ver-
mont for biochemical assay, DNA extraction, and storage.
White cells were also prepared for cryo-preservation to
be stored for cell line generation in the future. Exposure
variables were assessed by questionnaires in order to
gather demographic information.

Psychosocial indices

Standardized questionnaires were used according to the
participants’ preferred language (Chinese, Spanish, or
English) to evaluate psychosocial risk factors. Symptoms
of depression were determined by utilizing the Cen-
ter for Epidemiology Studies Depression (CES-D) Scale
that contains 20-item and evaluates interactions with
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others, somatic complaints, mood, and motor function-
ing (range, 0—60) [26]. We generated five categories (i.e.
0-2, 3-5, 6-10, 11-15 and 2=16) for CES-D according
to the distribution of score in estimated quartiles. Top
quartile was divided into two categories, hence, the top
category included 12.87% of individuals with a value>16.
Chronic stress was measured by Chronic Burden Scale
(CBS) Scale which evaluates stress based on severity and
presence in 5 situations including job, health problems of
close others, one’s own health problems, relationships,
finances (ranging from 0 to 5) [27]; three stress categories
were generated according to scores of 0, 1, and =2. Anxi-
ety were examined by using Spielberger Trait Anxiety
scale [28]. The Spielberger Trait Anxiety questionnaire is
a ten-item scale that evaluates feel stress, worry, and dis-
comfort in relatively enduring disposition (range, 10-40);
four categories were generated according to the scores of
10-12, 13-14, 15-18, and >19. Emotional social support
was evaluated using emotional social support index, that
involves 6 items and evaluate availability of emotional
social support (ranging from 6 to 30). Three categories
were generated based on scores of Moderate (score<18),
high (score 19-24) or very high (score>25) levels of ESS
[29, 30]. Investigation forms of MESA are accessible at
http://www.mesa-nhlbi.org/ex1forms.aspx.

Covariates

Socio-demographic characteristics for instance gender,
age, race, and education were included. Behavioral fac-
tors such as total intentional exercise in met-min/week
[31], smoking status (current smoker, former/never),
and alcohol status (current drinker, former/never) were
included. CVD risk factors including family history of
heart attack (Parents/siblings/children), current aspirin
use, hypertension, systolic blood pressure (SBP), anti-
hypertensive medication use, triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), height (cm), body mass
index (BMI) and diabetes mellitus status determined by
criteria of American Diabetes Association and measur-
ing fasting glucose [32] were also included. Additional
covariates at baseline were C-reactive protein (CRP),
interleukin-6 (IL-6), and fibrinogen measured using fast-
ing blood specimens through standard assays.

Outcome

The primary outcome of this study was hard CVD (which
in this article we refer to them as HCVD) determined
CVD incidence as CHD (definite CHD death, definite and
likely MI, and resuscitated cardiac arrest), other athero-
sclerotic CVD death, or stroke (fatal or nonfatal). CVD or
CHD death classified by reviewers as absent or present in
accordance with hospital records and consultations with
relatives. Definite CHD death was determined as a chest
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pain within the 72 h before death, MI within 28 days of
death, or a CHD history with the absence of a recognized
noncardiac or non- atherosclerotic cause of death. Myo-
cardial infarction was categorized by Reviewers as absent,
likely, or definite mainly according to the mixtures of
electrocardiographic findings, symptoms, and biomark-
ers level (i.e. troponins or creatine kinase myocardial
band). Neurologists evaluated and categorized a stroke as
present if there was a focal neurologic impairment that
continued for 24 h or until death, as well as a clinically
significant damage on brain imaging and no nonvascular
etiology. The follow-up duration of this study was from
the baseline until the first CVD event, death, loss to fol-
low-up, or February 2012, whichever came first.

The follow up period of this study for incident HCVD
events was 8.46 years. A telephone interviewer, at period
of 9 to 12 months, called each individual to investigate
about cardiovascular outpatient diagnoses, interim hos-
pital admissions, and deaths. In order to validate medi-
cal records for outpatient cardiovascular diagnoses,
self-reported diagnoses, and hospitalizations, as well as
copies of all death certificates was requested. In addition,
relative interviews was conducted for cardiovascular
deaths occurred out-of-hospital. If there were any differ-
ences after the first adjudication and evaluation, a com-
prehensive morbidity and mortality review committee
made the final categorization.

Statistical analysis
We calculated the descriptive statistics for all variables at
baseline. We applied Cox proportional.

Hazards models to determine the impacts of interested
variables on the hazard of HCVD events for each partici-
pant, person-year was calculated from baseline until the
occurrence of a HCVD event, death, loss to follow-up, or
non-occurrence of a HCVD event till February 22, 2012.
Psychosocial factors were categorized as indicated in
Table 1. The proportional hazards (PH) assumption was
assessed by testing the interactions between interested
independent variables and time and also checking the
charts of the scaled Schoenfeld remaining versus rank of
time and no violation of the PH assumption was found.

Our analyses were conducted in several models. Initial
models were controlled for sex, race, age, education, and
family history of heart attack. In model 2 we added smok-
ing, status of alcohol drinking, status of diabetes, current
aspirin use, hypertension medication use, and total inten-
tional exercise, LDL-C, HDL-C, systolic blood pressure,
triglycerides, and BMI. Furthermore, model 3 controlled
for fibrinogen, IL-6, and C-reactive protein (CRP). TG
and CRP were log-transformed in all analyses to account
for skewness. Covariate Age in analyses of Chronic Stress
burden on HCVD was considered as a cubic equation.
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Table 1 Adjusted hazard ratios (95% confidence intervals) for categorical psychosocial factors and risk of hard CVD incidence: The

Multi-Ethnic Study of Atherosclerosis (2000-2012)

Category 1 Category 2 Category 3 Category Category5 P
4 trend
Depressive symptoms range 0-2 3-5 6-10 11-15 >16
Number of Event 97 76 96 43 55 -
Number of participants 1829 1549 1707 816 872
Model1+ 1(reference) 0.90(0.66-122)  1.12(0.83-1.49)  1.01(0.69- 1.32(0.92-1.90) 0.09
1.47)
Model2++ 1(reference) 0.87(0.63-121)  1.18(0.86-1.59)  1.00(0.67- 1.30(0.89-1.90) 0.14
1.47)
Chronic stress range 0 1 >2
Number of Event 108 129 130 - -
Number of participants 2308 2108 2332 - - -
Model1+ 1(reference) 1.37(1.05-1.79)  1.51(1.16-1.96) - - 0.001
Model2t+ 1(reference) 1.35(1.02-1.79)  153(1.15-2.04) - - 0.003
Anxiety range 10-12 13-14 15-18 >19
Number of Event 106 61 95 104 -
Number of participants 1766 1235 1957 1790 - -
Model1+ 1(reference) 0.94(0.68-1.31)  0.99(0.74-137)  1.25(093- - 0.17
1.67)
Model2tt 1(reference) 0.66(0.29-149)  0.87(0.42-1.77)  1.51(0.80- - 0.17
2.86)
Emotional social support range 6-18 19-24 >25
Number of Event 61 119 185 - - -
Number of participants 1022 2029 3712 - -
Model1+ 1(reference) 0.92(0.67-1.26)  0.70(0.52-0.95) - - 0.009
Model2t+ 1(reference) 0.89(0.64-1.24) 069(0.51-094) - - 0.009

tModel 1: adjusted for age, sex, race, education, and family history of heart attack

ttModel 2: adjusted for model 1 plus smoking, alcohol status, diabetes status, current aspirin use, hypertension medication use, and total intentional exercise, LDL-

C, HDL-C, systolic blood pressure, triglycerides, and BMI.

Higher scores on the psychosocial factors show more severe symptoms (Except emotional social support)

In modeling process, we included each of the psycho-
social factors in several following approaches: (1) con-
tinuous approach in which all those were entered to the
models as continuous variable; (2) categorical approach
in which all those were categorized base on Sect. 2.2. (3)
spline approach in which we conducted a piecewise cox
regression after using linear and restricted cubic spline,
that was run via mkspline command in stata, in order
to consider non-linear effects of psychosocial factors on
risk of incident HCVD. In this setting, we set the psycho-
social variables to a given reference (for example, 16 for
CES-D; 0 for CBS; 10 for anxiety; 30 for ESS). Then, in
those references the relative hazard would be 1. Based
on the above approaches, a final model for each psy-
chosocial factor was selected according to the Akaike
information criterion (AIC). Given a collection of poten-
tial models fitting the data, the model with the lowest
AIC score was considered the ideal one. Owing to AIC
values, the best approach in our modeling for CES-D,
CBS, and ESS was continuous approach, whereas the
best approach for anxiety was categorical. Based on the
AIC value, a spline approach was not suitable for any of

the psychosocial factors. The conclusion of this study is
based on Cox models but more models were provided for
more evidence.

Multiplicative interactions between each of psychoso-
cial indices and sex, race, and age were tested by includ-
ing cross-product terms in all models. Parametric test
(T-test) and non- parametric test (chi square) used for
analyzing the baseline characteristics. All analyses were
performed utilizing Stata 14. A p value<0.05 was consid-
ered as statistically significance.

Results

Baseline characteristics

A total of 370 new cases of CVD were diagnosed during
a follow-up period of 51,752 person-years. Mean period
of follow-up for participants was 8.46 years (range,
0.01-10.92). The HCVD incidence rate was 7.1 cases
per 1000 person-years (95% CI 6.4—7.9). The total aver-
age age at the baseline was 62.2+10.2 years, and 47.2%
of the sample was male. At baseline, the overall mean
scores were 7.6%7.6 for symptoms of depression, 1.2+1.2
for Chronic Stress, 24.1+5.2 for emotional social sup-
port, and 15.9+4.5 for anxiety. There were 2614 (38.6%)
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Caucasian-Americans, 1879 (27.7%) African-Americans,
1485 (22.9%) Hispanic-Americans, and 801 (11.8%) Chi-
nese-Americans. The baseline characteristics of MESA
contributors by HCVD status are represented in Table 2.
In general, those who experienced HCVD through fol-
low-up were older, had lower HDL-C, had fewer MET-
minutes/week of total intentional exercise, had higher
systolic blood pressure, and had higher TG at baseline in
comparison to those who did not experience HCVD dur-
ing follow-up. Those who had HCVD throughout follow-
up were also more likely to be current or former smokers
and to be using hypertension medication at baseline than
those who did not experience HCVD. As mentioned
above, psychosocial factors were included into the mod-
els by three following approaches: (1) continuous; (2) cat-
egorical (3) spline.

Continuous and categorical approach

In continuous approach, controlling for education,
sex, race, age and family history of heart attack, each 1
point higher score for chronic stress (HR, 1.18; 95% CI,
1.08-1.29) and depressive symptoms (HR, 1.02; 95% ClI,
1.01-1.03) was associated with a higher risk of HCVD
in different models. Conversely, ESS (HR, 0.98; 95% ClI,
0.96-0.99) was related with a lower risk of HCVD. Asso-
ciations remained significant with additional adjustment
(chronic stress: HR, 1.17; 95% CI, 1.06—1.29; emotional
social support: HR, 0.98; 95% CI, 0.96— 0.99). In general,
depressive symptoms and anxiety were not considerably
related to risk of HCVD (P>0.05). Owing to categorical
approach, Table 1 indicates hazard ratios and 95% CI for
each of the psychosocial factors related to risk of HCVD
incidence. In model 1, which was adjusted for, race,
sex, age education, and family history of heart attack,
we observed that gradients of higher risk for chronic
stress and ESS were statistically significant; the trend for
depressive symptoms and anxiety was not significant but
relations were in the anticipated direction. As shown in
Table 1, individuals in the top group (maximum scores)
had a 1.5-fold greater risk of HCVD during follow-up,
compared with the lowest category [HR=1.51 (95% CI:
1.16-1.96)]. In contrast, individuals in the highest cat-
egory for ESS had lower risk of CVD throughout follow-
up, compared with the lowest category [HR=0.70 (95%
CIL: 0.52-0.95)]. In model 2, which controlled for model
1 plus smoking, alcohol status, diabetes status, cur-
rent aspirin use, hypertension medication use, and total
intentional exercise, LDL-C, HDL-C, systolic blood pres-
sure, triglycerides, and BMI, HR for chronic stress and
ESS were remained significant after further adjustment.
The addition of inflammatory markers (i.e. CRP, IL6, and
fibrinogen) and anti-depressant use in model 2 did not
change the estimates (data are not shown). Cumulative
hazard functions which were adjusted by the interested
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covariates in model 2 were plotted and given in Fig. 1.
It demonstrates higher cumulative hazard for HCVD in
higher levels of chronic stress and lower levels of ESS.

Spline approach

According to spline approach, Fig. 2 shows results of
piecewise cox regression hazard ratios and 95% CI, con-
trolled for all variables in model 2, for each psychosocial
factor relating to risk of incident HCVD. As shown in this
figure, individuals in the highest level of chronic stress
were at 2-fold higher risk of HCVD throughout follow-
up, compared with the lowest scoring level (i.e. 0).The
tendency for depressive symptoms was not noteworthy
but associations were in the anticipated direction from
cut-point 16 and more. In contrast, individuals in the
lowest level of ESS had higher risk of HCVD during fol-
low-up, compared with the highest scoring level (i.e. 30).
Our findings did not show any given pattern for anxiety
relating to risk of incident HCVD. In order to select the
best approach for each of psychosocial factors, we calcu-
lated AIC value for each of them so that the model which
had the minimum AIC value was the ideal one. Accord-
ing AIC vales, the continuous approach was acceptable
for depressive symptoms, chronic stress, and ESS factors
and categorical approach for anxiety factor. AIC vales in
all spline models was higher than two other approach and
they were not therefore preferred model. No interactions
were found between age, sex and race with the inter-
ested psychosocial indices (all p-value>0.1; data are not
shown).

Discussion

In this study, higher levels of chronic stress were asso-
ciated with a higher risk of HCVD. There was a com-
parable trend for depressive symptoms, although the
observed effect was non-significant in categorical analy-
ses, most likely due to observing few events. In addition,
we observed that higher levels of emotional social sup-
port had a protective association with the incidence of
HCVD. The associations between psychosocial factors
and incidence of HCVD were comparatively unchanged
following controlling for additional known risk factors
of HCVD in our main analyses, utilizing the ones being
evaluated at the first examination. This study highlights
the potential important role of psychosocial factors in
assessing the risk of HCVD.

This study was best designed to observe associations,
but in exploring the possibility of a causal relationship,
the pathways by which psychosocial factors might lead
to higher risk of HCVD warrants consideration. Psycho-
social factors and CVD may connect through three path-
ways: unhealthy life style, pathophysiologic, and third
underlying factors (alternative mechanisms). Psychoso-
cial factors including depressed mood, excessive stress



Riahi et al. BMC Cardiovascular Disorders (2023) 23:236 Page 6 of 10

Table 2 Participant characteristics, baseline: Multi-Ethnic Study of Atherosclerosis, 2000 to 2002

All participant HCVD No HCVD P.
N total 6779 370 6409 value*
N (%)
Age 62.2%+10.2 68.0£9.7 61.8x10.2 <0.001
Gender
Male 3197(47.2) 220(59.5) 2977(46.5) <0.001
Female 3582(52.8) 150(40.5) 3432(53.5)
Education
Less than diploma 1215(17.0) 85(23.0) 1130(17.7) <0.001
Diploma or some college 2814(41.6) 169(45.8) 2645(41.4)
College degree or higher 2729(40.4) 115(31.2) 2614(40.9)
Race
Caucasian -Americans 2614(38.6) 156(42.2) 2458(38.3) 0.003
Chinese -Americans 801(11.8) 22(5.9) 779(12.2)
African -American 1879(27.7) 102(27.6) 1777(227.7)
Hispanic -Americans 1485(22.9) 90(24.3) 1395(21.8)
Alcohol status
Never 1382(20.5) 74(20.1) 1308(20.6) 0.004
Former 1609(23.9) 114(31.0) 1495(23.5)
Current 3739(55.6) 180(48.9) 3559(55.9)
Smoking status
Never 3400(50.3) 172(46.6) 3228(50.5) 0.003
Former 2475(36.6) 127(34.4) 2348(36.7)
Current 884(13.1) 70(19.0) 814(12.8)
Diabetes
Normal 4972(73.6) 226(61.3) 4746(74.3) <0.001
Impaired fasting glucose 933(13.8) 54(14.6) 879(13.8)
Untreated diabetes mellitus 179(2.6) 1002.7) 169(2.6)
Treated diabetes mellitus 671(10.0) 79(21.4) 5928(9.3)
Current aspirin use(at least 3 days/wk)
No 5202(80.0) 270(76.5) 4932(80.3) 0.07
Yes 1201(20.0) 83(23.5) 1208(19.7)
Hypertension medication use
No 4250(62.7) 175(47.4) 4075(63.60) <0.001
Yes 2526(37.3) 194(52.6) 2332(36.4)
Family history of heart attack
No 3639(57.3) 162(47.2) 3477(57.8) <0.001
Yes 2722(42.8) 181(52.8) 2541(42.2)
Mean(SD)
Age,y 62.2(10.2) 68.0(9.7) 61.8(10.2) <0.001
Height, cm 166.4(10.0) 166.6(10.4) 166.3(9.9) 032
Total intentional exercise (MET-min/wk) 1556.2(2344.0) 1260.7(1808.8) 1573.2(2370.2) 0.006
LDL-C, mg/dl 117.2(31.5) 118.7(31.7) 117.1(31.5) 034
HDL-C, mg/d| 51.0(14.8) 47.4(13.7) 51.2(14.9) <0.001
Systolic blood pressure, mmHg 126.6(21.5) 137.8(23.0) 125.9(21.2) <0.001
Triglycerides, mg/dl 131.5(88.8) 143.6(81.4) 130.8(89.2) <0.001
BMI,Kg/m2 283(54) 28.6(5.1) 28.3(54) 0.17
C-Reactive Protein, mg/L 3.8(5.8) 4.3(6.0) 3.7(5.8) 0.03
Fibrinogen, mg/dL 346.7(73.9) 369.4(82.5) 3454(73.2) <0.001
Interleukine-6 1.6(1.2) 1.9(1.4) 15(1.2) <0.001
Psychosocial factor
CES-D (Range,0-60) 7.6(7.6) 8.1(8.1) 7.5(7.5) 0.06

CBS (Range,0-5) 1.2(1.2) 1.3(1.2) 1.2(1.2) 0.15
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Table 2 (continued)

All participant HCVD No HCVD P.
N total 6779 370 6409 value*
ESS (Range,6-30) 24.1(5.2) 23.8(5.5) 24.2(5.3) 0.36
Anxiety (Range,10-40) 15.9(4.5) 15.8(4.6) 15.9(4.5) 0.62

BMl indicates body mass index; HDL-c, high-density lipoprotein- cholesterol; CES-D, Center for Epidemiologic Studies Depression Scale; MET, metabolic equivalent
of task; LDL-c, high-density lipoprotein-cholesterol; SBP, systolic blood pressure; and CVD, cardiovascular disease; CBS, Chronic Burden Scale; ESS, Emotional Social

Support

*P values from t tests or 2 tests or, as appropriate, are for comparisons of those who did or did not experience a CVD during follow-up
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Fig. 1 Cox proportional cumulative hazard for HCVD stratified by CBS (panel A) and ESS (panel B) status, MESA, 2000 to 2002. Adjusted for age, sex, race,
education, family history of heart attack, smoking, alcohol status, diabetes status, current aspirin use, hypertension medication use, and total intentional

exercise, LDL-C, HDL-C, systolic blood pressure, triglycerides, and BMI

in life and anxiety by increasing unhealthy behaviors
(including overeating, smoking, higher alcohol drink-
ing, high levels of physical inactivity) and by reducing
the adherence to specific treatments for heart diseases,
contribute to an elevated risk of CVD. The Netherlands
Study of Depression and Anxiety (NESDA) indicated that
depressed patients achieved high scores in all unhealthy
life style indices [33]. Bonnet et al. concluded that anxiety
and depression were associated with high levels of physi-
cal inactivity, unhealthy diet and smoking habits in both
sexes [34]. Using MESA dataset, Kershaw et al. investi-
gated the association of chronic neighborhood stressors
with incident of coronary heart diseases and found that
individuals in high and medium category of stressors had
65% and 49% higher risk of coronary heart diseases inci-
dent, compared to low risk category [35]. Everson-Rose
et al. explored the association of hostility, chronic stress,
and depressive symptoms with stroke using MESA data-
base and showed that HR of 2.22, 1.59, and 1.86 which all
were statistically significant for hostility, chronic stress,
and depressive symptoms, respectively [36]. Moreover,
researchers have shown that depressed mood creates dif-
ficulty in treating by intrusive in compliance with medi-
cal advice and treatment regimens [37, 38]. The present
study shows that individuals who experience higher

levels of chronic stress and symptoms of depression (in
the continuous approach) tend to carry higher risk for
HCVD. However, our study did not assess precise path-
ways associated with causal mechanism.

Psychosocial features by common pathophysiologi-
cal pathways link to HCVD outcomes. One of the most
trustworthy discoveries of biological psychiatry is hyper-
activity of the hypothalamic-pituitary-adrenal axis
(HPA-axis or HTPA axis) in depression and anxiety. As
such, negative emotions and stress trigger the HPA-axis,
resulting in alterations in glucocorticoids and increas-
ing in circulating catecholamine; which impact platelet
activation and endothelial dysfunction and have neuro-
endocrine, metabolic, and immunologic effects [39, 40].
Some psychosocial disorders like depression and anxiety
by autonomic dysregulation are involved in cardiovascu-
lar somatic symptoms such as heart rate variability, espe-
cially when the person is under a severe stress [15, 41].

The psychosocial indices measured in current study
were associated with higher inflammatory markers (i.e.
CRP, IL6, and fibrinogen) separately, which may relate
to increased risk of CVD risk [42, 43]. Yet, controlling
for these markers did not alter observed associations. In
this study, only baseline measurements of these mark-
ers were available, but it supplies some evidence for an
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Association of depressive symptoms
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Fig. 2 Piecewise cox regression hazard ratios (solid line) and 95% Cl (dash lines) for HCVD stratified by psychological factor, MESA, 2000 to 2002. Adjusted
for age, sex, and race, and education, family history of heart attack, smoking, alcohol status, diabetes status, current aspirin use, hypertension medication
use, and total intentional exercise, LDL-C, HDL-C, systolic blood pressure, triglyceride, and BMI. Reference level in spline model was 16 for CES-D (a); 0 for
CBS (b); 10 for anxiety(c); 30 for ESS (d). Hazard ratio line equal to 1 shows not-significant level

inflammatory pathway. Our results show that people who
experience higher levels of ESS (in continuous as well as
categorical approach) could have lower risk of HCVD.
Various studies have shown relations between chronic
psychosocial stress and shorter Leukocyte Telomere
Length (LTL) [44, 45]. Furthermore, it seems that social
support can reduce the severity of response to stressful
conditions by acting as a buffer to appraisal of threats
[46, 47]. Furthermore some investigations explain asso-
ciation between psychosocial factors and CVD outcomes
through focus on the alternative mechanisms (i.e. child-
hood maltreatment, personality traits, genetic vulnerabil-
ity) that increase the risk of both psychosocial conditions
and CVD events [48-51].

Limitations and strengths

First, the results of this study could not show the causal-
ity of psychosocial factors with CHD. Second, our study
do not include the assessment of a history of psychiat-
ric disorder and psychotropic medication use. Several

noteworthy strengths also existed in this study including
ascertainment of multiple psychosocial indices, a multi-
ethnic representative population-based sample, using
several statistical approach in analyses, and adjudicated
HCVD outcomes. Further research with a higher power
is necessary for future to reach more definitive results.

Conclusions

This study indicates associations between higher risk of
HCVD development and symptoms of depression, anxi-
ety, chronic stress, and emotional social support, which
were not elucidated by traditional CVD risk factors, sub-
clinical atherosclerosis, or inflammatory markers. Higher
levels of chronic stress and lower levels of ESS are asso-
ciated with considerably higher risk of incident CVD.
Although we found the association of depressive and
anxiety symptoms with HCVD, these associations in the
fully adjusted model were not significant. Given the aging
population and increasing CVD burden, further studies
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are needed to address the importance and role of psycho-
social factors in CVD.

Abbreviations

MESA Multi-Ethnic Study of Atherosclerosis
HCVD Hard Cardiovascular diseases

SBP Systolic Blood Pressure

WHO World Health Organization

CHD Coronary Heart Disease

IL-6 Interleukin-6

CAD Coronary artery disease

HR Heart Rates

CES-D  Center for Epidemiology Studies Depression
ESS Emotional Social Support

CBS Chronic Burden Scale

HDL-C  High-Density Lipoprotein Cholesterol
TG Triglycerides

CRP C-reactive protein

LDL-C Low-Density Lipoprotein Cholesterol
PH Proportional Hazards

AlC Akaike information criterion

HR Hazard Ratio

LTL Leukocyte Telomere Length

BMI Body Mass Index

Acknowledgements

SM. Riahi had complete access to all the information and are responsible for
the analyses and data’s integrity and correctness. We thank the MESA study’s
respondents, investigators, and employees for their vital contributions. A
complete list of MESA researchers and organizations can be found at http://
www.mesa-nhlbi.org.

Author contributions

Conception and design: Seyed Mohammad Riahi, Ahmad Yousefi, Farhad
Saeedi

Cleaning of data: Seyed Mohammad Riahi

Data analysis and interpretation: Seyed Mohammad Riahi Seyed, Ahmad
Yousefi, Farhad Saeedi

Manuscript writing: All authors Final approval of manuscript: All authors.

Funding
We declare that this research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profits sectors.

Data Availability

The data that support the findings of this study are available from BioLINCC
but restrictions apply to the availability of these data, which were used
under license for the current study, and so are not publicly available. Data are
however available from the corresponding authors upon reasonable request
and with permission of BiolLINCC.

Declarations

Ethics approval and consent to participate

The ethics approval and consent was granted in Ethics Committee of Birjand
University of Medical Sciences (IR.BUMS.REC.1401.098). The data was
collected under the National Heart, Lung, and Blood Institute (NHLBI) Research
Materials Distribution Agreement (BioLINCC RMDA V02 1d20120806).
Because this study was a secondary analysis on MESA dataset the informed
consent from participants was waived in Ethics Committee of Birjand
University of Medical Sciences. All methods were carried out in accordance
with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing Interest
The authors declare that they have no competing interests.

Page 9 of 10

Author details

'Cardiovascular Diseases Research Center, Department of Epidemiology
and Biostatistics, School of Medicine, Birjand University of Medical
Sciences, Birjand, Iran

’PhD in Clinical Psychology, Department of Clinical Psychology, School of
Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Student Research Committee, Birjand University of Medical Sciences,
Birjand, Iran

“Cardiovascular Diseases Research Center, Birjand University of Medical
Sciences, Birjand, Iran

®Johns Hopkins Ciccarone Center for the Prevention of Cardiovascular
Disease, Baltimore, MD, USA

®Division of Cardiology, Johns Hopkins University School of Medicine,
Baltimore, MD, USA

Received: 29 October 2022 / Accepted: 21 March 2023
Published online: 04 May 2023

References
1. World Health Organization. Cardiovascular diseases (CVDs) Fact Sheet N°317,
2016.

2. Mehta PK, Wei J, Wenger NK. Ischemic heart disease in women: a focus on
risk factors. Trends Cardiovasc Med. 2015;25(2):140-51.

3. Mendis S, Puska P, Norrving B. Global atlas on cardiovascular disease preven-
tion and control. World Health Organization; 2011.

4. Colquhoun DM, et al. Psychosocial risk factors for coronary heart disease.
Med J Australia. 2013;199(3):1-6.

5. Valtorta NK; et al. Loneliness and social isolation as risk factors for coronary
heart disease and stroke: systematic review and meta-analysis of longitudinal
observational studies. Heart. 2016;102(13):1009-16.

6. Hemingway H, Marmot M. Clinical evidence: psychosocial factors in the etiol-
ogy and prognosis of coronary heart disease: systematic review of prospec-
tive cohort studies. West J Med. 1999;171(5-6):342-50.

7. Egede LE. Major depression in individuals with chronic medical disor-
ders: prevalence, correlates and association with health resource utiliza-
tion, lost productivity and functional disability. Gen Hosp Psychiatry.
2007;29(5):409-16.

8. Association AP. Diagnostic and statistical manual of mental disorders (DSM-
5°). American Psychiatric Pub; 2013.

9. BarthJ, 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(3):229-38.

10.  Nawrot TS, et al. Public health importance of triggers of myocardial infarction:
a comparative risk assessment. The Lancet. 2011;377(9767):732-40.

11.  Eaker ED, et al. Marital status, marital strain, and risk of coronary heart
disease or total mortality: the Framingham offspring study. Psychosom Med.
2007;,69(6):509-13.

12. Kivimaki M, et al. Long working hours and risk of coronary heart disease and
stroke: a systematic review and meta-analysis of published and unpublished
data for 603 838 individuals. The Lancet. 2015;386(10005):1739-46.

13. Yusuf S, et al. Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-control
study. The lancet. 2004;364(9438):937-52.

14.  Kim CK, et al. Depressive symptoms and heart rate variability in postmeno-
pausal women. Arch Intern Med. 2005;165(11):1239-44.

15. OhiraT, et al. Associations of psychosocial factors with heart rate and its
short-term variability: multi-ethnic study of atherosclerosis. Psychosom Med.
2008;70(2):141-6.

16.  Tsuji H, et al. Impact of reduced heart rate variability on risk for cardiac events.
Circulation. 1996,94(11):2850-5.

17. Camacho A, et al. Antidepressant use and subclinical measures of athero-
sclerosis: the multi-ethnic study of atherosclerosis. J Clin Psychopharmacol.
2016;36(4):340-6.

18. Harshfield EL, et al. Association between depressive symptoms and Incident
Cardiovascular Diseases. JAMA. 2020;324(23):2396-405.

19. Rajan S, et al. Association of symptoms of Depression with Cardiovascular
Disease and Mortality in Low-, Middle-, and high-income countries. JAMA
Psychiatry. 2020;77(10):1052-63.


http://www.mesa-nhlbi.org
http://www.mesa-nhlbi.org

Riahi et al. BMC Cardiovascular Disorders

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

(2023) 23:236

Wu Q, Kling JM. Depression and the risk of myocardial infarction and
coronary death: a Meta-analysis of prospective cohort studies. Med (Baltim).
2016,95(6):¢2815.

Meng R, et al. Association of Depression with all-cause and Cardio-

vascular Disease Mortality among adults in China. JAMA Netw Open.
2020;3(2):21921043-3.

Li H, et al. Association of depressive symptoms with Incident Cardiovascu-
lar Diseases in Middle-Aged and older chinese adults. JAMA Netw Open.
2019;2(12):21916591-1.

Rao A, et al. The prevalence and impact of depression and anxiety in
cardiac rehabilitation: a longitudinal cohort study. Eur J Prev Cardiol.
2020,27(5):478-89.

Poole L, Jackowska M. The association between depressive and sleep
symptoms for predicting incident disease onset after 6-year follow-up:
findings from the English Longitudinal Study of Ageing. Psychol Med.
2019;49(4).607-16.

Bild DE, et al. Multi-ethnic study of atherosclerosis: objectives and design. Am
J Epidemiol. 2002;156(9):871-81.

Radloff LS. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1(3):385-401.

Bromberger JT, Matthews KA. A longitudinal study of the effects of pes-
simism, trait anxiety, and life stress on depressive symptoms in middle-aged
women. Psychol Aging. 1996;11(2):207.

Speilberger C. Preliminary manual for the state-trait personality inventory.
Palo Alto. CA: Consulting Psychologist Press; 1980.

Investigators E. Enhancing recovery in Coronary Heart Disease (ENRICHD)
study intervention: rationale and design. Psychosom Med. 2001;63(5):747-55.
Mitchell PH, et al. A short social support measure for patients recovering from
myocardial infarction: the ENRICHD Social Support Inventory. J Cardiopulm
Rehabil Prev. 2003;23(6):398-403.

Bertoni AG, et al. The association between physical activity and subclinical
atherosclerosis: the multi-ethnic study of atherosclerosis. Am J Epidemiol.
2008;169(4):444-54.

Association AD. Diagnosis and classification of diabetes mellitus. Diabetes
Care. 2004;27(1):s5-s10.

Penninx BW, et al. The Netherlands Study of Depression and anxiety
(NESDA): rationale, objectives and methods. Int J Methods Psychiatr Res.
2008;17(3):121-40.

Bonnet F, et al. Anxiety and depression are associated with unhealthy
lifestyle in patients at risk of cardiovascular disease. Atherosclerosis.
2005;178(2):339-44.

Kershaw KN, et al. Associations of chronic individual-level and neighbour-
hood-level stressors with incident coronary heart disease: the multi-ethnic
study of atherosclerosis. J Epidemiol Community Health. 2015,69(2):136-41.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5T

Page 10 of 10

Everson-Rose SA, et al. Chronic stress, depressive symptoms, anger, hostility,
and risk of stroke and transient ischemic attack in the multi-ethnic study of
atherosclerosis. Stroke. 2014;45(8):2318-23.

DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for noncom-
pliance with medical treatment: meta-analysis of the effects of anxiety and
depression on patient adherence. Arch Intern Med. 2000;160(14):2101-7.
Druss BG, et al. Quality of medical care and excess mortality in older patients
with mental disorders. Arch Gen Psychiatry. 2001;58(6):565-72.

Poitras VJ, Pyke KE. The impact of acute mental stress on vascular endothe-
lial function: evidence, mechanisms and importance. Int J Psychophysiol.
2013;88(2):124-35.

De Kloet ER, Joéls M, Holsboer F. Stress and the brain: from adaptation to
disease. Nat Rev Neurosci. 2005;6(6):463-75.

Hu MX, et al. Differential autonomic nervous system reactivity in depression
and anxiety during stress depending on type of stressor. Psychosom Med.
2016;78(5):562-72.

Ranjit N, et al. Psychosocial factors and inflammation in the multi-ethnic
study of atherosclerosis. Arch Intern Med. 2007;167(2):174-81.

Luna JM, et al. High-sensitivity C-Reactive protein and Interleukin-6-Domi-
nant inflammation and ischemic stroke risk. Stroke. 2014;45(4):979-87.

Parks CG, et al. Telomere length, current perceived stress, and urinary stress
hormones in women. Cancer Epidemiol Prev Biomarkers. 2009;18(2):551-60.
Drury SS, et al. Telomere length and early severe social deprivation: linking
early adversity and cellular aging. Mol Psychiatry. 2012;17(7):719-27.
Cacioppo JT, Hawkley LC. Social isolation and health, with an emphasis on
underlying mechanisms. Perspect Biol Med. 2003;46(3):539-552.

Cohen S, Wills TA. Stress, social support, and the buffering hypothesis. Psychol
Bull. 1985,98(2):310.

Teicher MH, Samson JA. Childhood maltreatment and psychopathology: a
case for ecophenotypic variants as clinically and neurobiologically distinct
subtypes. Am J Psychiatry. 2013;170(10):1114-33.

Bomhof-Roordink H, et al. Associations between life stress and subclinical
cardiovascular disease are partly mediated by depressive and anxiety symp-
toms. J Psychosom Res. 2015;78(4):332-9.

Jokela M, et al. Personality traits as risk factors for stroke and coronary heart
disease mortality: pooled analysis of three cohort studies. J Behav Med.
2014;37(5):881-9.

Mulle JG, Vaccarino V. Cardiovascular disease, psychosocial factors, and
genetics: the case of depression. Prog Cardiovasc Dis. 2013;55(6):557-62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Associations of emotional social support, depressive symptoms, chronic stress, and anxiety with hard cardiovascular disease events in the United States: the multi-ethnic study of atherosclerosis (MESA)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Design and participants
	﻿﻿Psychosocial indices
	﻿Covariates
	﻿Outcome
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Continuous and categorical approach
	﻿Spline approach

	﻿Discussion
	﻿Limitations and strengths
	﻿Conclusions

	﻿References


