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Perceived stress level is associated with coronary artery 
disease severity in patients with ST-segment elevation 

myocardial infarction
Algılanmış stres seviyesi ST-segment yükselmeli miyokart enfarktüsü

hastalarında koroner arter hastalığı yaygınlığı ile ilişkilidir
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Objective: Stress is known to be a significant risk factor for 
coronary atherosclerosis and adverse cardiovascular events; 
however, the stress-related coronary atherosclerotic burden 
has not yet been investigated. The aim of this study was to in-
vestigate the relationship between the Perceived Stress Scale 
(PSS) and the SYNTAX scores in patients with ST-segment el-
evation myocardial infarction (STEMI).
Methods: A total of 440 patients with STEMI were prospectively 
enrolled and divided into 2 groups according to the PSS score 
with a ROC curve analysis cut-off value of 17.5. In all, 361 pa-
tients with a low PSS score were categorized as Group 1 and 
79 patients with a high PSS score were categorized as Group 2.
Results: The SYNTAX score [Group 1, 16.0 (10.0–22.5); Group 
2, 22.5 (15.0–25.5); p<0.001] and the SYNTAX score II were 
significantly higher in Group 2 [Group 1, 24.8 (19.0–32.6); Group 
2, 30.9 (22.3–38.9); p<0.001]. Spearman analysis demonstrated 
that the PSS score was associated with the SYNTAX score 
(r=0.153; p=0.001) and the SYNTAX score II (r=0.216; p<0.001). 
Additionally, the PSS (odds ratio: 2.434, confidence interval: 
1.446-4.096; p=0.001) was determined to be an independent 
predictor of a moderate-to-high SYNTAX score. The PSS score 
of patients with in-hospital mortality was also higher than those 
who survived [15 (10–20); 9 (4–16), respectively; p=0.007].
Conclusion: Stress appears to accelerate the coronary 
atherosclerotic process and the associated burden. An in-
creased stress level was found to be an independent predictor 
of a high SYNTAX score.

Amaç: Stres koroner ateroskleroz ve kardiyovasküler 
sonlanımlar için önemli bir risk faktörüdür. Fakat, stres ile 
ilişkili koroner aterosklerotik yük daha önce araştırılmamıştır. 
Bu çalışmada, ST segment yükselmeli miyokart enfarktüsü 
(STYME) hastalarında algılanmış stres skalası (ASS) ile 
SYNTAX skorlarının ilişkisini araştırmayı amaçladık.
Yöntemler: Bu çalışmaya, STYME geçiren 440 hasta ileriye 
dönük olarak dahil edildi. ROC analizine göre belirlenen 17.5 
eşik değerine göre ASS puanı düşük olan 361 hasta Grup 1’i, 
ASS puanı yüksek olan 79 hasta ise Grup 2’yi oluşturdu.
Bulgular: SYNTAX skoru [16.0 (10.0–22.5); 22.5 (15.0–
25.5), p<0.001] ve SYNTAX skoru II [24.8 (19.0–32.6); 30.9 
(22.3–38.9), p<0.001] grup 2 hastalarda anlamlı derecede 
yüksekti. Spearman analizinde ASS değeri SYNTAX skoru 
(r=0.153, p=0.001) ve SYNTAX skoru II (r=0.216, p<0.001) ile 
ilişkili saptandı. Ayrıca orta-yüksek SYNTAX skoru için ASS 
(Odds oranı: 2.434, Güven Aralığı: 1.446–4.096, p=0.001) 
bağımsız ön gördürücü olarak bulundu. Hastane içi mortalite 
gelişen grupta ise ASS skoru gelişmeyenlere göre daha yük-
sek saptandı [sırasıyla, 15 (10–20); 9 (4–16), p=0.007].
Sonuç: Stres, koroner aterosklerotik süreci ve yaygınlığı 
hızlandırıyor görünmektedir. Ayrıca, artmış stres seviyesi de 
yüksek SYNTAX skorunun bağımsız öngördürücüsü olarak 
bulunmuştur.
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Coronary artery disease (CAD) is still the leading 
cause of morbidity and mortality worldwide and 

ST-segment elevation myocardial infarction (STEMI) 
is known to be a life-threatening complication of 
CAD.[1] Although there has been an increasing trend 
in the survival rate in patients with STEMI, treatment 
of underlying mechanisms of coronary atherosclero-
sis remains essential. Several etiological factors have 
been described to explain adverse clinical outcomes in 
STEMI patients. The Synergy between Percutaneous 
Coronary Intervention with Taxus and Cardiac Surgery 
(SYNTAX) score, related to the atherosclerotic coro-
nary plaque burden, is one of the most important prog-
nostic factors for these patients. Thus, determining fac-
tors linked to the SYNTAX score is a credible means 
to add to treatment and the establishment of a progno-
sis in STEMI patients. The SYNTAX score II, which 
combines the basal anatomical SYNTAX score with 
the clinical baseline variables, has also improved the 
ability to predict cardiovascular mortality.[2]

Stress is known to be an important risk factor for 
coronary atherosclerosis. However, measurement of 
an individual’s stress level is not easy as it is a com-
plex structure made up of several different elements. 
The Perceived Stress Scale (PSS), a 10-item ques-
tionnaire, is the most widely used psychological in-
strument to measure the perception of stress.[3] It has 
been demonstrated that a high PSS score was asso-
ciated with an increased risk for CAD. In particular, 
a high PSS score was found to be associated with an 
increased number of cardiovascular atherosclerotic 
events.[4] In addition, stress negatively affects the car-
diovascular function and the prognosis in patients with 
CAD. Increased sympathetic activation[5] and adrenal 
function,[6] induced-platelet activation,[7] smoking, 
and lack of physical exercise[3] are some of the un-
derlying mechanisms of stress linked to coronary ath-
erosclerosis and adverse cardiac events. However, to 
the best of our knowledge, the stress-related coronary 
atherosclerotic burden has not yet been studied. The 
aim of this study was to investigate the relationship 
between the PSS score and the coronary atheroscle-
rotic burden in patients with STEMI.

METHODS

Study population

This research was approved by the local ethics com-

mittee at Istanbul 
Mehmet Akif Er-
soy Thoracic and 
C a r d i o v a s c u l a r 
Surgery Train-
ing and Research 
Hospital on Febru-
ary 5, 2018 (no: 
2018-02). Each par-
ticipant in the study 
provided detailed, 
written, informed 
consent. This cross-
sectional study was 
conducted at a sin-
gle tertiary care 
center from March 
2018 to May 2019. 
A total of 440 con-
secutive patients 
with STEMI were 
prospectively en-
rolled. The diag-
nostic criteria for STEMI were typical chest pain for 
more than 20 minutes and ST-segment elevation in 
at least 2 contiguous leads with the following cut-off 
points: ≥0.2mV in men ≥40 years old, ≥0.25mV in 
men <40 years old, and ≥0.15mV in women in leads 
V2–V3 and/or ≥0.1mV in the other leads. When in-
dicated, posterior (V7–V9) and right (V3R–V4R) 
derivations were also obtained. There is also an estab-
lished cut-off point of 0.05mV for V7-9 (≥0.1mV in 
men <40 years old) and ≥0.05mV for V3R and V4R 
(≥0.1mV in men <30 years old). Patients who under-
went percutaneous coronary intervention or coronary 
artery bypass graft surgery as well as those with a psy-
chiatric disorder or psychiatric medication usage were 
excluded.

Demographic and clinical parameters were 
recorded after performing a detailed cardiovascular 
and systemic examination. Biochemical analyses of 
a complete blood count and measures of the levels 
of serum creatinine, total cholesterol, low-density 
lipoprotein (LDL) cholesterol, high-density lipopro-
tein (HDL) cholesterol, triglyceride (TG), and serum 
electrolytes levels were assessed. The SYNTAX 
score, SYNTAX score II, and the PSS measurement 
were calculated for each patient. The study population 
was divided into 2 groups according to the PSS score. 

Abbreviations:

ACEI	 Angiotensin-converting enzyme 	
	 inhibitor
ARB	 Angiotensin receptor blocker
CAD	 Coronary artery disease
CCB	 Calcium channel blocker
CI	 Confidence interval
COPD	 Chronic obstructive pulmonary 	
	 disease
CRP	 C-reactive protein
DM	 Diabetes mellitus
EF	 Ejection fraction
HDL	 High density lipoprotein cholesterol
HL	 Hyperlipidemia
HT	 Hypertension
LDL	 Low-density lipoprotein cholesterol 
LV	 Left ventricle
LVEF	 Left ventricular ejection fraction
OR	 Odds ratio
PAD	 Peripheral artery disease
PSS	 Perceived Stress Scale 
ROC	 Receiver operating characteristic
STEMI	 ST-segment elevation myocardial 	
	 infarction 
SYNTAX	 Synergy Between Percutaneous 	
	 Coronary Intervention With Taxus 	
	 and Cardiac Surgery
TG	 Triglyceride
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Patients with a SYNTAX score >22 were categorized 
as the moderate-to-high SYNTAX score group.

Coronary angiographic evaluation

Coronary angiography of all of the patients was per-
formed immediately after the examination through 
femoral or radial access. Two independent, experi-
enced cardiologists evaluated the coronary angio-
graphic images individually to calculate the SYNTAX 
score and SYNTAX score II.[2] First, the anatomical-
based SYNTAX score was calculated. Briefly, the 
coronary arteries were evaluated as 16 separate seg-
ments and assessed for segments with 50% or more lu-
minal stenosis and >1.5 mm diameter. Every segment 
has a pre-specified corresponding weighting factor as 
well as other determining factors, such as calcification 
and lesion length, which were used to calculate the 
SYNTAX score. Details of the clinical variables of 
age, gender, creatinine clearance level, left ventricu-
lar ejection fraction (LVEF), and the presence of pe-
ripheral artery disease (PAD) or chronic obstructive 
pulmonary disease (COPD) were collected to be in-
cluded in the SYNTAX score II value. The SYNTAX 
score calculator (www.syntaxscore.com) was used to 
obtain the score for each patient.

Perceived Stress Scale

The PSS is a 10-item scale used to assess the percep-

tion of stress.[3] It is widely used to examine the ap-
praisal of global stress in an individual’s life using a 
focus on unpredictable or uncontrollable events and 
feeling overloaded in the prior month. A 5-point Lik-
ert scale from “never” (0 points) to “very often” (4 
points) is used and a higher score indicates a greater 
perception of stress (Table 1).[3] While this scoring 
system does not reflect the present stress status, it 
demonstrates preexisting stress level in the study pa-
tients. The questionnaire was completed before dis-
charge from the hospital.

Statistical analysis

The statistical analysis was performed using IBM 
SPSS Statistics for Windows, Version 21.0 software 
(IBM Corp., Armonk, NY, USA). Pearson chi-square 
and Fisher exact tests were used for categorical vari-
ables. Normal distribution was analyzed with the 
Kolmogorov-Smirnov test. Data were expressed as 
mean±SD when normal distribution was present, 
median (25th-75th percentiles) in the event of abnor-
mal distribution, and number (%) for categorical 
variables. An independent sample t-test was used 
to compare quantitative variables with normal dis-
tribution and the Mann-Whitney U test was used to 
compare means between groups without normal dis-
tribution. Spearman analysis was applied to evaluate 

Table 1. Perceived Stress Scale[3]

1.	 In the last month, how often have you been upset because of something that happened	 0	 1	 2	 3	 4
	 unexpectedly?
2.	 In the last month, how often have you felt that you were unable to control the important	 0	 1	 2	 3	 4
	 things in your life?
3.	 In the last month, how often have you felt nervous and “stressed”?	 0	 1	 2	 3	 4
4.	 In the last month, how often have you felt confident about your ability to handle your	 0	 1	 2	 3	 4
	 personal problems?
5.	 In the last month, how often have you felt that things were going your way?	 0	 1	 2	 3	 4
6.	 In the last month, how often have you found that you could not cope with all the things	 0	 1	 2	 3	 4
	 that you had to do?
7.	 In the last month, how often have you been able to control irritations in your life?	 0	 1	 2	 3	 4
8.	 In the last month, how often have you felt that you were on top of things?	 0	 1	 2	 3	 4
9.	 In the last month, how often have you been angered because of things that were	 0	 1	 2	 3	 4
	 outside of your control?
10.	 In the last month, how often have you felt difficulties were piling up so high that you could	 0	 1	 2	 3	 4
	 not overcome them?
0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often.
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agreement was assessed using alpha (Cronbach) re-
liability analysis. Univariate and multivariate logistic 
regression analysis were used to evaluate independent 
predictors of a moderate-to-high SYNTAX score. A 
p-value <0.05 was considered statistically significant.

the correlation between the PSS and SYNTAX scores 
(SYNTAX score and SYNTAX score II). Receiver 
operating characteristic (ROC) curve analyses was 
conducted to determine the optimal PSS cut-off value 
to indicate a moderate-to-high SYNTAX score. PSS 

Table 2. Baseline demographic, clinical, and laboratory variables of the study group

		  All patients	 Group 1	 Group 2	 p
			   Patients with a low 	 Patients with a high
			   PSS score (n=361)	 PSS score (n=79)

Gender (female), n (%)	 85 (19.3)	 63 (17.5)	 22 (27.8)	 0.034
Age (years)	 55.4±11.5	 55.1±11.2	 56.9±12.8	 0.209
Smoking, n (%)	 239 (54.3)	 196 (54.3)	 43 (54.4)	 0.982
Hypertension, n (%)	 147 (33.4)	 121 (33.5)	 26 (32.9)	 0.918
Diabetes mellitus, n (%)	 93 (21.1)	 75 (20.8)	 18 (22.8)	 0.692
Hyperlipidemia, n (%)	 55 (12.5)	 44 (12.2)	 11 (13.9)	 0.673
PAD, n (%)	 21 (4.8)	 14 (3.9)	 7 (8.9)	 0.063
COPD, n (%)	 19 (4.3)	 12 (3.3)	 7 (8.9)	 0.037
Hemoglobin (g/dL)	 14.9 (13.6–15.9)	 14.9 (13.9–15.9)	 14.7 (12.7–15.7)	 0.058
Leukocyte×103/mm3	 12.3 (9.91–15.02)	 12.4 (9.98–14.92)	 11.24 (9.4–15.33)	 0.259
Thrombocyte×103/mm3	 261 (226–318)	 261 (228–318)	 256 (218–321)	 0.286
BUN (mg/dL)	 15.0 (12.0–18.0)	 15.0 (12.0–18.0)	 14.0 (12.0–19.0)	 0.658
Creatinine (mg/dL)	 0.85 (0.73–1.01)	 0.84 (0.74–1.00)	 0.88 (0.68–1.05)	 0.797
Glucose (mg/dL)	 135.5 (109.25–194.5)	 134 (109–195)	 137 (117–183)	 0.364
AST (U/L)	 25 (19–43)	 25 (19–41)	 26 (19–45)	 0.963
ALT (U/L)	 21 (16–30)	 22 (16–30)	 19 (15–30)	 0.345
C-reactive protein (mg/L)	 3.96 (1.81–9.11)	 3.92 (1.77–8.33)	 5.48 (2.3–14.15)	 0.048
Total cholesterol (mg/dL)	 201.2±42.7	 202.1±41.7	 197.6±47.2	 0.402
LDL cholesterol (mg/dL)	 122.1±37.7	 121.9±36.5	 123.1±42.9	 0.802
HDL cholesterol (mg/dL)	 41 (34–48)	 41 (34–47)	 40.5 (35–50)	 0.278
Triglyceride (mg/dL)	 174 (115.75–250.75)	 182 (120.5–258)	 141.5 (103–214)	 0.007
Medication usage, n (%)
	 Beta blocker	 11 (2.5)	 6 (1.7)	 5 (6.3)	 0.031
	 ACEI	 61 (13.9)	 48 (13.3)	 13 (16.5)	 0.462
	 ARB	 29 (6.6)	 23 (6.4)	 6 (7.6)	 0.691
	 CCB	 32 (7.3)	 23 (6.4)	 9 (11.4)	 0.120
	 Statin	 69 (15.7)	 52 (14.4)	 17 (21.5)	 0.115
Culprit vessel, n (%)
	 LAD	 232 (52.7)	 188 (52.1)	 44 (55.7)	 0.739
	 CXA	 55 (12.5)	 47 (13.0)	 8 (10.1)
	 RCA	 153 (34.8)	 126 (34.9)	 27 (34.2)	
Ejection fraction (%)	 50 (40–55)	 50 (40–55)	 45 (38–50)	 0.013
ACEI: Angiotensin-converting enzyme inhibitor; ALT: Alanine aminotransferase; ARB: Angiotensin receptor blocker; AST: Aspartate amino transaminase; BUN: 
Blood urea nitrogen; CCB: Calcium channel blocker; COPD: Chronic obstructive pulmonary disease; CXA: Circumflex artery; HDL: High-density lipoprotein; 
LAD: Left anterior descending; LDL: Low-density lipoprotein; PAD: Peripheral artery disease; PSS: Perceived Stress Scale; RCA: Right coronary artery.



RESULTS

A total of 440 consecutive patients with STEMI were 
enrolled in this prospective study. The entire group was 
divided into 2 groups according to the PSS measure-
ment: a sum of the responses to positively and nega-
tively stated questions. The PSS demonstrated high re-
liability (Cronbach’s alpha: 0.928). ROC analysis was 
conducted to determine the optimal PSS cut-off value 
to indicate moderate-to-high SYNTAX score. The 
highest combined sensitivity and specificity values 
crossed the curve at 17.5 (sensitivity: 29.6%; speci-
ficity: 87.2%). The area under the curve was 0.593 
[95% confidence interval (CI): 0.534–0.653; p=0.002]. 
In all, 361 patients with a low PSS score were catego-
rized as Group 1 and 79 patients with a high PSS score 
were placed in Group 2. The baseline demographic, 
clinical, and laboratory variables of the groups are 

demonstrated in Table 2. There were no statistically 
significant differences in age, smoking status, hyper-
tension (HT), diabetes mellitus (DM), hyperlipidemia 
(HL), PAD, hemoglobin, leukocyte, thrombocyte, 
aspartate amino transaminase, alanine aminotrans-
ferase, glucose, blood urea nitrogen, creatinine, total 
cholesterol, LDL cholesterol, HDL cholesterol, culprit 
vessels, or use of angiotensin-converting enzyme in-
hibitor (ACEI), angiotensin receptor blocker (ARB), 
calcium channel blocker (CCB) or statin medications 
between the 2 groups. While the number of female pa-
tients (Group 1: n=63, 17.5%; Group 2: n=22, 27.8%; 
p=0.034) and C-reactive protein (CRP) level [Group 
1 median: 3.92 mg/L (1.77–8.33 mg/L); Group 2 me-
dian: 5.48 mg/L (2.3–14.15 mg/L); p=0.048] were sig-
nificantly higher in Group 2, the TG level was lower 
in this group [Group 1 median: 182 mg/dL (120.5–258 
mg/dL); Group 2 median: 141.5 mg/dL (103–214 mg/

Table 3. Angiographic evaluation of patients according to the PSS score

		  All patients	 Group 1	 Group 2	 p
			   Patients with a low 	 Patients with a high
			   PSS score (n=361)	 PSS score (n=79)

SYNTAX score, n (%)
	 0–22	 305 (69.3)	 266 (73.7)	 39 (49.4)	 <0.001
	 >22	 135 (30.7)	 95 (26.3)	 40 (50.6)	
SYNTAX score	 16.5 (11.0–23.3)	 16.0 (10.0–22.5)	 22.5 (15.0–25.5)	 <0.001
SYNTAX score II	 25.9 (19.5–34.0)	 24.8 (19.0–32.6)	 30.9 (22.3–38.9)	 <0.001
PSS: Perceived Stress Scale; SYNTAX: Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

Figure 1. (A) SYNTAX score in PSS Group 1 and Group 2; (B) SYNTAX score II in PSS Group 1 and Group 2. The SYNTAX 
score and SYNTAX score II were significantly higher in patients with a high PSS score. PSS: Perceived Stress Scale; SYNTAX: 
Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

SY
N

TA
X 

sc
or

e

30.0

20.0

10.0

.0

40.0

50.0

60.0
*

Low
PSS group

High

SY
N

TA
X 

sc
or

e 
II

20.0

.0

40.0

60.0

Low
PSS group

High

A B

Turk Kardiyol Dern Ars498



30.9 (22.3-38.9); p<0.001] of the high PSS group 
were statistically significantly higher (Fig. 1). A 
greater percentage of patients in Group 2 had a mod-
erate-to-high SYNTAX score [Group 1: n=95, 26.3%; 
Group 2: n=40, 50.6%; p<0.001).

Spearman correlation analyses demonstrated that 
the PSS score was associated with the SYNTAX 
score (r=0.153; p=0.001) and the SYNTAX score II 
(r=0.216; p<0.001) (Fig. 2).

Univariate and multivariate logistic regression 
analyses were used to evaluate independent predictors 
of moderate-to-high SYNTAX score. Variables with 
statistical significance in univariate and multivariate 

dL); p=0.007]. The ejection fraction (EF) of Group 2 
was significantly lower than that of Group 1 [Group 1 
median: 50% (40–55%); Group 2 median: 45% (38-
50%); p=0.013]. Additionally, the incidence of COPD 
(Group 1: n=12, 3.3%; Group 2: n=7, 8.9%; p=0.037), 
and beta blocker usage (Group 1: n=6, 1.7%; Group 2: 
n=5, 6.3%; p=0.031) was significantly higher in Group 
2.

The angiographic severity of entire study group 
is presented in Table 3. The SYNTAX score [Group 
1 median: 16.0 (10.0–22.5); Group 2 median: 22.5 
(15.0–25.5); p<0.001] and the SYNTAX score II 
[Group 1 median: 24.8 (19.0–32.6); Group 2 median: 

Figure 2. (A) Correlation between the SYNTAX score and the PSS score; (B) Correlation between the SYNTAX score II and the 
PSS score. The SYNTAX score and the SYNTAX score II were positively correlated with PSS measurement. PSS: Perceived 
Stress Scale; SYNTAX: Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.
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Table 4. Univariate and multivariate logistic regression analyses of independent predictors of a moderate-to-high 
SYNTAX score

	 Univariate	 Multivariate

	 Odds ratio	 95% CI	 p	 Odds ratio	 95% CI	 p

Age	 1.027	 1.009–1.046	 0.003			 
Ejection fraction	 0.961	 0.941–0.981	 <0.001	 0.969	 0.948–0.990	 0.005
Peripheral artery disease	 0.310	 0.127–0.754	 0.010			 
Chronic obstructive pulmonary disease	 0.378	 0.150–0.953	 0.039	
C-reactive protein	 1.008	 1.001–1.015	 0.016			 
Hemoglobin	 0.884	 0.790–0.989	 0.031			 
Perceived Stress Scale	 2.872	 1.743–4.732	 <0.001	 2.434	 1.446–4.096	 0.001
CI: Confidence interval; SYNTAX: Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.
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ing in an increased risk of the atherosclerotic process. 
Another pathway is stress-related endocrine responses. 
Psychologically stressful life events activate 2 en-
docrine systems: the hypothalamic-pituitary-adreno-
cortical axis and the sympathetic-adrenal-medullary 
system.[8,9] Cortisol hypersecretion is the main actor 
in an activated hypothalamic-pituitary-adrenocortical 
axis, and has been associated with the inflammatory 
process and a variety of diseases. The increased pres-
ence of HT, dyslipidemia, type 2 DM, and metabolic 
syndrome are risk factors and predisposing factors for 
coronary atherosclerotic disease and cardiovascular 
morbidity and mortality.[10–13] Activation of the sym-
pathetic-adrenal-medullary system leads to secretion 
of catecholamines, which affect the cardiovascular, 
pulmonary, hepatic, skeletal-muscle, and immune 
systems.[5] Prolonged and repeated activation of these 
systems results in an increased inflammatory process 
and risk of atherosclerotic disease. These activated 
systems and the hormones released also affect the im-
mune system through direct innervation of lymphatic 
tissue, as well as behavioral responses, such as smok-
ing. Thus, stress can alter immune function and be a 
predictor of atherosclerotic disease. Stress also has 
an effect on cardiovascular disease due to induced 
platelet activation, increased blood clotting, and de-
creased fibrinolysis,[7,14,15] and furthermore, stress also 
impairs the vagal tone, which increases the risk of car-
diovascular disease.[16] All of these pathophysiological 
mechanisms are important factors in the atheroscle-
rotic process and cardiovascular disease. However, the 
stress-related coronary atherosclerotic burden has not 
yet been evaluated. These mechanisms may also affect 
coronary atherosclerotic disease severity. This could 
be an important contributor to adverse cardiovascular 
events in patients with increased level of perceived 
stress. Our study is the first to demonstrate a relation-
ship between an increased level of perceived stress and 
the atherosclerotic coronary plaque burden, reflected 
by the SYNTAX score and SYNTAX score II. Though 

logistic regression analyses are provided in Table 4. 
The PSS measurement [odds ratio (OR): 2.434, CI: 
1.446–4.096; p=0.001] and a lower EF (OR: 0.969, 
CI: 0.948–0.990; p=0.005) were found to be predic-
tors of moderate-to-high SYNTAX score.

During hospitalization, 15 patients (3.4%) died, 
with a mean follow-up time of 5.53±1.40 days. The 
PSS score of patients with in-hospital mortality was 
higher than that of those without mortality [Group 
1 median: 15 (10–20); Group 2 median: 9 (4–16); 
p=0.007]. Additionally, there were more patients with 
a high PSS score among those with in-hospital mor-
tality (Group 1: n=6, 40%; Group 2: n=73, 17.2%; 
p=0.036) (Table 5).

DISCUSSION

In the present study, we found an association be-
tween an increased level of perceived stress measured 
with the PSS and CAD severity calculated using the 
SYNTAX score and SYNTAX score II. To the best 
of our knowledge, this was the first prospective study 
investigating the relationship between the PSS and 
SYNTAX scores. The PSS measurement was corre-
lated with both SYNTAX scores and was a predictor 
of a moderate-to-high SYNTAX score. It was also 
demonstrated that patients with in-hospital mortality 
had a higher PSS score.

Stress is a known predictor of the atherosclerotic 
process with a negative effect on the cardiovascular 
prognosis. Stress is also related to progressive coro-
nary atherosclerosis. Although stress has been linked to 
CAD, the underlying mechanisms of perceived stress, 
related coronary atherosclerosis, and adverse cardio-
vascular outcomes are still unclear and multifactorial. 
Some behavioral factors, such as smoking, drinking 
alcohol, lack of physical exercise, increased sleep and 
medication usage, occur against stressors.[3] They ac-
celerate inflammation and the immune process, result-

Table 5. PSS score of patients with and without in-hospital mortality

	 Patients with in-hospital mortality	 Patients without in-hospital mortality	 p
	 (n=15)	 (n=425)

PSS measurement	 15 (10–20)	 9 (4–16)	 0.007
High PSS group, n (%)	 6 (40)	 73 (17.2)	 0.036
PSS: Perceived Stress Scale.
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Several clinical variables were added to the basal 
SYNTAX score to provide a more sensitive clinical 
risk score in the SYNTAX score II. Several studies 
have demonstrated that the SYNTAX score II was 
associated with adverse cardiovascular events and 
mortality in patients with CAD. In a study with 1912 
participants, the SYNTAX score II was found to be 
strongly related to in-hospital and long term mortality 
in patients with STEMI.[22] Therefore, SYNTAX score 
II-related parameters are valuable in the detection and 
treatment of STEMI patients. Our results indicated 
that a high PSS score was associated with a high 
SYNTAX score II. This could be explained by the un-
derlying mechanisms of stress-related atherosclerosis 
and it could be a very important reason stress is linked 
to an increased mortality rate in patients with STEMI.

As a result of the mechanisms described above, 
an increased stress level would appear to be related 
to a higher atherosclerotic coronary plaque burden, 
whether or not it is linked to an acute coronary event. 

Although our study did not demonstrate a suffi-
cient clinical correlation, the results are meaningful. 
The impact of the relationship between stress status 
and CAD severity should be further examined in 
large-scale studies with long-term, clinical follow-up.

In previous studies, women have been found to 
be more sensitive to certain psychosocial risk factors 
and it has been reported that women have greater lev-
els of perceived stress than men.[23] In a study by Xu 
et al.,[24] 2358 women and 1151 men with acute my-
ocardial infarction were evaluated and it was demon-
strated that the women had a higher PSS score than 
the men. While the mean PSS score of the women was 
19.7±8.2, it was 16.4±7.6 in men (p<0.001). In addi-
tion, among 665 patients with CAD, a higher level of 
psychosocial distress was found to be associated with 
myocardial perfusion abnormalities in women.[25] In 
another study, a higher level of psychological stress 
was shown to be related to increased cardiovascular 
adverse events in women with stable CAD.[26] Consis-
tent with these results, in our study, the number of fe-
male patients was higher in the high PSS score group.

Stress can have a depressor effect on the left 
ventricle (LV) myocardium. The underlying mecha-
nism of this effect is multifactorial. One of the most 
common pathophysiological pathways in the devel-
opment of the impairment of LV myocardium func-

the PSS records a stress level from the previous month, 
acute coronary syndrome can also result in a higher 
stress level . Although increased stress linked to acute 
cardiac events could affect our study population, it 
could also be a predictor of patients with a higher stress 
status. Our results demonstrated an increased coronary 
atherosclerotic burden due to existing stress not orig-
inating only with STEMI. A previous study demon-
strated that patients with acute coronary syndrome had 
a high PSS score with a mean value of 29.6±8.2 while 
the PSS score of the control subjects was 19.8±7.8.[17] 
Similarly, in the same population, a higher inflam-
mation status can cause an increased atherosclerotic 
coronary plaque burden. This was revealed in the re-
lationship between stress level and SYNTAX scores. 
However, this relationship and the presence of CAD 
are multifactorial, which may explain the weak corre-
lation of PSS and SYNTAX scores in our study.

In the light of these data, it appears that stress is 
a significant risk factor for the progression and prog-
nosis of CAD. Studies have demonstrated a positive 
association between perceived stress and subclinical 
atherosclerosis[18] and cardiovascular risk factors.
[19] An increased risk of manifest CAD and myocar-
dial infarction has also been found to be correlated 
with psychological stress. In a meta-analyses from 6 
large, prospective, observational, cohort studies that 
included 118,696 participants, a higher level of per-
ceived stress was found to be related to a CAD risk 
ratio of 1.27.[4] In this study, it was determined that an 
increased level of perceived stress was associated with 
a 27% increase in CAD risk, the equivalent of a 50 
mg/dL increase in LDL cholesterol, a 2.7/1.4 mmHg 
increase in blood pressure, or 5 more cigarettes a day. 
It is also known that stress is related to increased mor-
tality rates in patients with coronary atherosclerosis, 
especially in STEMI patients. Von Känel et al.[20] 
found that stress was associated with rehospitaliza-
tion and increased reintervention rates in patients with 
STEMI. Stress-targeted treatment modalities have 
been reported to reduce mortality rates in patients 
with coronary atherosclerosis.[21] Thus, stress linked 
to the atherosclerotic coronary plaque burden may be 
a prominent underlying mechanism of adverse cardio-
vascular events. The SYNTAX score was developed 
to detect CAD severity and burden, and a higher PSS 
score was found to be an independent risk factor of a 
higher SYNTAX score in our study.
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