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ABSTRACT 
 

Background: Myocardial infarction (MI) is a major cause of death worldwide. Several acute-phase 

 inflammatory proteins such as interleukin-6 (IL-6) and C-reactive protein (CRP) have been 

 examined as the potential indicators of atherosclerosis and the risk of coronary artery disease 

 (CAD). This study aimed to examine whether inflammation could explain the relationship 

 between depression and CAD. 

 

Methods: In this repeated-measure cross-sectional study, we measured CRP and IL-6 in 162 patients 

 with acute MI at the time of admission and on the fifth day. The patients were categorized into 

 depressed and non-depressed groups based on the Beck Depression Inventory questionnaire. 

 Additionally, on the fifth day of hospitalization, a checklist of acute MI complications was 

 completed for each patient.  

 

Results: The depressed patients had a significantly higher mean value of IL-6 and CRP than the non-

 depressed group (for IL-6, F=17.06 and P<0.001; for CRP, F=8.92 and P=0.002). Moreover, 

 the depressed patients experienced more post-MI brady- and tachyarrhythmias. 

 

Conclusions: The depressed patients with acute MI had a higher level of inflammatory factors and 

 more complications such as arrhythmias in their hospitalization period, which might have 

 affected their prognosis. Therefore, it is imperative that more attention be paid to CAD patients 

 with depressed mood in terms of the management and assessment of their prognosis. (Iranian 

 heart Journal 2018; 19(3): 20- 29) 
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oronary artery disease (CAD) is 

responsible for approximately one-third 

of deaths worldwide, and that figure will 

surely increase in both developing and 

developed countries as risk factors for the 

disease—primarily dyslipidemia, hypertension, 

obesity, diabetes, physical inactivity, poor diet, 

and smoking—continue to increase. 
1, 2

 Despite 

the increasing rate of deaths and CAD risk 

factors, clinical treatment regimens are 

effective and reducing the incidence. However, 

there is still a need for a better understanding of 

the underlying mechanisms. Atherosclerosis, 

once thought to be the bland accumulation of 

lipid in the arterial wall, is now recognized to 

have a prominent inflammatory component. 
3
 

The substrate for the development and 

progression of the atherosclerotic lesion is 

complex and poorly understood. The 

inadequacy of the current knowledge was 

recently illustrated in the JUPITER trial, 
4
 

which showed that even in the patients without 

traditional risk factors—but with elevated high 

sensitivity C-reactive protein (CRP) levels—

statin therapy significantly reduced the 

incidence of major cardiovascular events. 
5
  

A better understanding of the inflammatory 

cascade involved in the atherosclerotic disease 

process could lead to a better risk stratification 

and more targeted therapy for CAD and 

atherosclerosis. Several acute-phase 

inflammatory proteins such as interleukin-6 

(IL-6), CRP, cytokines, and intracellular 

adhesion molecules have been examined as the 

potential risk factors for underlying 

atherosclerosis and the risk of future 

cardiovascular events such as myocardial 

infarction (MI). 
6
  Those who have higher levels 

of inflammatory factors have more MI 

complications during days 1 to 5. 
7
 In addition, 

a curved time course with elevated levels 

already on admission is seen with IL-6. 
6, 7

  

The acute coronary syndrome (ACS) is 

associated with a massive acute inflammatory 

response. 
5
 The magnitude of the acute 

inflammatory response during the ACS is 

predictive of a poor cardiac outcome. Biasucci 

et al 
8
 showed that patients suffering from 

unstable angina with elevated levels of IL-1Ra 

and IL-6 measured 48 hours after admission 

had a greater risk of in-hospital cardiac events. 

Elevated CRP predicts 14-day mortality in 

unstable angina and non–Q-wave MI 

independently of troponin responses. 
9, 10

  

Depression is a common disorder in patients 

suffering from CAD, with a prevalence rate 

nearly 3 times that in the general population. 
11

 

Depression is also associated with worse 

cardiac prognoses and greater mortality rates. 
10

 

However, there is still considerable debate 

regarding how depression contributes to a 

worse cardiac outcome or a higher mortality 

rate. 
12

 Inflammation is seen in both cardiac 

disease and depression and is a plausible 

physiological link between depression and 

CAD. Several cross-sectional studies have 

demonstrated an association between 

depression and inflammation in otherwise 

healthy subjects 
13, 14

 and also in cardiac 

patients. 
12, 15

 Still, relatively little is known 

about the nature of the association between all 

the 3 variables of inflammation, outcomes 

following the ACS, and depression.  

Accordingly, in the present study, we sought to 

describe the association between changes in 

inflammatory biomarkers during hospitalization 

in patients with acute MI with and without 

depression. 

 

METHODS 

 

This repeated-measure cross-sectional study 

recruited 172 patients with acute MI who were 

under medical follow-up and admitted to 2 

university-based hospitals of Noor and 

Chamran (academic hospitals affiliated to 

Isfahan University of Medical Sciences, 

Isfahan, Iran) with first acute MI between 

February and August 2013. Consecutive 

sampling was used for selecting samples from 

the patients referred to these hospitals.  

C 
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All the patients were evaluated by a cardiologist 

and were diagnosed with acute MI based on the 

World Health Organization’s definition. 
16

 The 

inclusion criteria for the participants were: 1) 

age younger than 65 years; 2) hemodynamic 

stability; 3) the ability to read and write; 4) no 

previous history of the ACS; 5) willingness to 

participate in the study; 6) no history of major 

psychiatric disorders such as depression, 

anxiety, and major depressive disorder; and 7) 

no current treatment with statins. The exclusion 

criteria comprised the presence of any organic 

disease such as adrenal, hepatic, thyroid, 

autoimmune, and rheumatologic disease, as 

well as any history of malignancies, allergies, 

and medications with an impact on the 

inflammatory process such as corticosteroids 

and statins. Ten patients were excluded because 

of unwillingness to participate in the study or 

meeting some of the exclusion criteria. After 

the patients were given full explanations about 

the study, informed consent was obtained from 

all the participants. The study protocol was 

approved by the Ethics Committee of the 

Cardiovascular Research Institute of Isfahan 

University of Medical Sciences. 
 

Measurements 

At the time of admission, a trained nurse took 

venous blood samples from all the participants. 

After the confirmation of the hemodynamic 

stability of the study subjects, they were asked 

to complete a questionnaire to determine 

demographic characteristics such as age, 

gender, education level, smoking status, and 

past history of hypertension, diabetes, and 

dyslipidemia. 

The Beck Depression Inventory (I) (BDI [I]), 

which is a 21-item self-report questionnaire was 

used to determine whether the subjects 

presented clinical symptoms of depression. This 

4-point scale ranges from 0 to 63, with a cutoff 

value of 17. Scores of 17 and above are 

considered to denote depression. 
17

 The patients 

with acute MI were then categorized into 

depressed and non-depressed groups. 

The anthropometric characteristics of height, 

weight, and the waist circumference were 

measured with the participants wearing hospital 

clothing and light slippers. The waist 

circumference was measured in the standing 

position, midway between the lowest rib and 

the iliac crest with a flexible anthropometric 

tape. The body mass index (BMI) was 

computed as weight (kg) divided by height (m) 

squared. Blood pressure was measured in the 

right arm in the sitting position with a standard 

mercury sphygmomanometer.  

On the fifth day of hospitalization, venous 

blood samples were taken again and a checklist 

of acute MI complications was completed by a 

cardiologist based on the patients’ hospital 

documents—including recurrent MI, 

mechanical complications (septal and free wall 

rupture), respiratory arrest, cardiogenic shock, 

bradyarrhythmia, tachyarrhythmia, and 

extrasystole. 

The venous blood samples that were obtained 

from all the patients at the time of admission 

were used for laboratory tests—including blood 

glucose, white blood cells, lipid profiles, CRP, 

and IL-6. The measurement of CRP and IL-6 

was repeated on the fifth day of hospitalization 

as well. The lipid profile— consisting of total 

cholesterol (TC), high-density lipoprotein 

cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C), and triglycerides (TGs)—

was measured via the enzymatic method with 

an ELAN 2000 autoanalyzer. The Friedewald 

formula was applied to calculate the LDL-C 

level, while in the individuals with a minimum 

TG level of 400 mg/dL, the level of LDL-C was 

measured directly. The blood glucose 

measurement was done with the same machine 

and Biosystem (France) kits. The level of CRP 

was measured with a Hitachi 902 autoanalyzer 

(Japan) using Pars Azmoon (Iran) analytical 

kits. The level of IL-6 was measured via the 

standard enzyme-linked immunosorbent assay 

(ELISA) with Boster Biological Technology 

Ltd (Wuhan, China) kits. 
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Statistical Analysis 

The demographic characteristics and the 

cardiovascular risk factors were compared 

between the groups using the 2-sample 

independent t-test and the χ
2
 test. The Fisher 

exact test was utilized to compare the hospital 

complications between the 2 groups. The 

patients with acute MI were categorized into a 

depressed group and a non-depressed group. A 

general linear model (GLM) analysis was 

employed for repeated measures to evaluate 

both between-groups and within-groups 

differences in the levels of IL-6 and CRP for all 

the time points. The IL-6 and CRP levels were 

assessed on 2 occasions: day 0 (first day of 

hospitalization) and day 5. The levels of IL-6 

and CRP which were distributed normally were 

recorded as a separate variable for each 

assessment; thus, a within-subjects factor was 

defined in 2 levels for the 2 assessments.  A 

separate GLM analysis was performed using 

age, smoking, TC, and HDL as covariates to 

check their interactive effect on the IL6 and 

CRP differences between the 2 groups. A 

pairwise analysis with the Student t-test was 

used for comparisons in each time point. The 

Statistical Package for Social Sciences software 

(SPSS Inc, Chicago, Illinois, USA), version 

15.0, was used for the analyses. A P value of 

0.05 or less was considered statistically 

significant for all the analyses. 

 

RESULTS 
 

A total of 162 patients with acute MI, 

comprised of 127 men and 35 women at a mean 

age of 61.07±13.71 years, were categorized into 

depressed and non-depressed groups. In the 

depressed group, 62 (74.7%) patients were male 

and 6 (7.2%) were graduated. Apropos of the 

demographic characteristics, there was a 

significant difference in age between the non-

depressed group (64.73±11.91) and the 

depressed group (59.58±14.07) (P=0.03). 

Regarding the cardiovascular risk factors, there 

were significant differences in smoking status 

(P=0.01), CT (P=0.02), and HDL (P=0.01) 

between the 2 groups at the baseline of 

assessment. Albeit not significantly different, 

the BMI, systolic blood pressure, fasting blood 

glucose, and LDL were higher in the depressed 

patients. 

On the fifth day of hospitalization, significant 

differences were observed in the incidence of 

bradyarrhythmia (P=0.009) and tachy-

arrhythmia (P=0.001) in the hospital 

complications between the 2 groups. In 

addition, 2 cases of septal and free wall rupture 

and 2 cases of respiratory arrest were observed 

on the fifth day of hospitalization (Table 1). 

Table 2 shows the bivariate analysis of the 

levels of IL-6 and CRP in the 2 study groups at 

baseline and on day 5 of hospitalization. 

The GLM analysis was used to compare IL-6 

and CRP at baseline and on day 5 of 

hospitalization between the depressed and non-

depressed patients. Significant values for 

repeated assessments (the within-subjects 

factor; F=16.23 and P<0.001) and their 

interaction with the groups (the between-groups 

factor; F=11.15 and P=0.003) were found using 

the GLM multivariate test, indicating that both 

of them contributed to the model.  

In the between-groups analysis, the depressed 

patients had a significantly higher mean of IL-6 

and CRP levels than the non-depressed group. 

The CRP values on day 5 did not differ 

significantly between the 2 groups. The GLM 

analysis showed major between-groups effects 

(non-depressed vs depressed) for the levels of 

IL-6 (F=17.06 and P<0.001) and CRP (F=8.92 

and P=0.02). 

In the within-groups analysis, the mean value of 

the IL-6 and CRP levels had significant 

differences regarding the time course of the 

trial. The GLM analysis showed major within-

groups effects for the levels of IL-6 (F=19.25 

and P<0.001) and CRP (F=12.04 and P<0.001).  

The GLM analysis revealed significant 

interactions between the changes in the levels 

of IL-6 (F=16.25 and P<0.001) and CRP 

(F=7.35 and P=0.037) and the non-depressed 
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group versus the depressed group at baseline 

and 5 days later. Hence, the GLM analysis 

illustrated that the change in the levels of IL-6 

and CRP over the course of the trial was greater 

in the depressed group than in the non-

depressed group. After sex, age, smoking, CT, 

and HDL were entered in the analysis as 

covariates, no significant changes were found. 

 

 
 

Table 1. Comparisons of the demographic characteristics, risk factors, and in-hospital complications  

between the depressed and non-depressed groups 

Variable  
No Depression 
n=79 (48.8%) 

Depression 
n=83 (51.2%) 

P  

Demographic Characteristic  

    Age (y) 64.73±11.91 59.58±14.07 0.03 

    Sex (male), % 65 (82.3%) 62 (74.7%) 0.29 

    Education  (graduate), % 10 (12.7%) 6 (7.2%) 0.63 

Risk Factor on the First Day 

    Current  smoker, % 23 (29.1%) 34 (41.0%) 0.01 

    Past history of hypertension, % 23 (29.1%) 35 (42.1%) 0.15 

    Past history of diabetes, % 17 (21.5%) 18 (21.7%) 0.98 

    Past history of dyslipidemia, % 16 (20.2%) 22 (26.5%) 0.54 

    Body mass index 25.78±3.70 26.52±4.05 0.28 

    Waist circumference (cm) 95.51±10.66 94.56±10.47 0.62 

    Systolic blood pressure (mm Hg) 131.98±26.95 138.79±26.10 0.15 

    Diastolic blood pressure (mm Hg) 85.37±19.16 84.00±17.96 0.67 

    White blood cells  11566.66±13029.17 15738.80±21350.45 0.18 

    Fasting blood glucose (mg/dL) 127.31±53.09 143.22±55.75 0.09 

    Triglyceride (mg/dL) 134.29±67.14 133.07±52.17 0.90 

    Cholesterol (mg/dL) 162.35±32.26 176.72±39.22 0.02 

    Low-density lipoprotein  (mg/dL) 94.96±32.72 104.21±38.61 0.13 

    High-density lipoprotein  (mg/dL) 48.90±13.86 43.32±9.74 0.01 

In-hospital Complication on the Fifth Day  

    Recurrent myocardial infarction, % 1 (1.3%) 1 (1.2%) 0.97 

    Mechanical complication (septal and free wall rupture),% 0 (0.0%) 2 (2.4%) 0.14 

    Respiratory arrest, % 1 (1.3%) 2 (2.4%) 0.53 

    Cardiogenic shock, % 1 (1.3%) 0 (0.0%) 0.48 

    Bradyarrhythmia 2 (3.0%) 11 (13.2%) 0.009 

    Tachyarrhythmia 8 (10.1%) 23 (27.7%) 0.001 

    Extrasystole 4 (5.1%) 12 (14.5%) 0.15 

 
 
 

Table 2. Analysis of the changes in the levels of interleukin-6 and C-reactive protein at the time 

of admission and on the fifth day in the depressed and non-depressed groups (mean±SD) 

Variable  No Depression Depression P  

Interleukin-6 
(mg/dL) 

First day 35.34±10.96 46.87±11.96 <0.001 

Fifth day 34.81±9.69 37.39±10.79 0.02 

P  0.81 <0.001  

C-reactive 
protein 
(mg/dL) 

First day 23.31±7.18 28.94±8.21 0.01 

Fifth day 33.77±11.39 33.15±10.67 0.45 

P <0.001 0.01  
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DISCUSSION 

 

In the present study, we investigated the role of 

inflammation in the relationship between 

depression and CAD. We found that in the 

hospitalization period of patients with acute MI, 

the changes in the levels of CRP and IL-6—as 

the established biomarkers of inflammation—

were more pronounced in those with depression 

than in their non-depressed counterparts. In 

addition, complications such as arrhythmias 

were more commonly seen in the former group 

during hospitalization. 

Concerning cardiovascular risk factors, we 

found a higher frequency of some of these risk 

factors in the depressed patients with acute MI 

than in their non-depressed counterparts, which 

is in line with previous studies. 
18, 19

 For 

instance, in our study, the HDL level in the 

depressed patients was found to be significantly 

lower than that in the others. Some potential 

mechanisms that are propounded for 

dyslipoproteinemia in patients with depression 

include adverse behaviors, unhealthy lifestyle, 

and reduced exercise capacity. 
19

 Conversely, 

declining physical activity predicts more 

depression symptoms. 
20

 

We found a higher prevalence of smoking in 

the depressed group than in the non-depressed 

one. This finding is concordant with that 

reported by previous studies insofar as cigarette 

smoking is frequently co-morbid with 

depression and it is harder for patients with 

depression to quit smoking. 
21, 22

 Two sets of 

Figure 1. Mean of the level of interleukin-6 on the 

first and fifth days in the groups with depression 
and no depression  

 

Figure 2. Mean of the level of C-reactive protein 

on the first and fifth days in the groups with 
depression and no depression 
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explanations have been presented for this co-

morbidity. Several studies have demonstrated 

common genetic and environmental influences 

as the reason for the co-morbidity of smoking 

and depression. 
23, 24

 On the other hand, the 

relationship could be in a causal manner. 

Depression increases the risk of smoking, or 

smoking increases the risk of depression. 

Cigarette smoking could be a result of self-

medication for depressive symptoms or 

smoking may increase the risk of depression. 
25, 

26
 If smoking and hyperlipidemia are more 

prevalent or more severe in depressed than in 

non-depressed patients, then depressed patients 

might be at increased risk for cardiac events not 

because of their depression, but instead due to 

these other risk factors. 

However, there are several reasons to doubt this 

possibility. First, some studies which have 

shown depression to predict cardiac events have 

failed to find any association between 

depression and these risk factors. 
27, 28

 Second, 

depression has remained an independent 

predictor of cardiac morbidity and mortality 

after controlling these risk factors. 
29, 30

 Third, 

as we found in the current study, the mean age 

at the time of the MI occurrence in the 

depressed patients was less than that in non-

depressed ones, which is consistent with some 

prior studies. The lower age of CAD in 

depressed patients makes atherosclerotic events 

or its risk factors a less possibility; therefore, 

some intrinsic factors other than atherosclerosis 

risk factors might be responsible as the cause of 

MI in these patients. 
28

 With an improved 

understanding of the pathogenesis of CAD, the 

most possible factors are certain markers of 

inflammation as indicated in a variety of recent 

investigations which have shown that 

inflammation has a great role in the progression 

of atherosclerosis. Among the vast array of 

serologic markers of systemic inflammation, 

CRP and IL-6 have been the most thoroughly 

investigated. Possible mechanisms exist for a 

bidirectional relationship between inflammation 

and depression. Each one could be the cause or 

the result of the other one. Another scenario 

having been previously presented is the 

contribution of common genetic variants to 

depressive symptoms and inflammatory 

markers. 
14

 We suggest that the relationship 

between depression and CAD could be 

mediated by inflammation. Stewart et al, 
13

 in a 

cross-sectional study in 2009 among 263 

healthy elderly men and women enrolled in the 

Pittsburg Healthy Project (a 6-year prospective 

cohort study), found that inflammation might 

be one of the mechanisms through which 

depression contributed to cardiovascular risk. A 

study in 2013 showed that the potential 

pathway to explain the relationship between 

depression, inflammation, and increased 

cardiovascular thrombosis might be found 

when both platelet activation and inflammation 

were measured. 
31

 

The inter-relationships between depression, 

inflammation, and CAD or its outcome have 

been previously evaluated and some 

possibilities have been presented. Depression 

might induce inflammation, which in turn can 

mediate the relationship between depression 

and CAD. Inflammation by itself might also 

lead to depression. Either depression or 

inflammation might cause CAD through 

separate mechanisms; as a result, depression 

and inflammation might have a common 

precursor which is linked to CAD. Depression 

is probably the proximal mediator through 

which inflammation increases the risk for CAD 

events. Of course, the relationship between 

depression, inflammation, and CAD could be 

more complex and there are other possible 

scenarios. 
32

 Nonetheless, only a few studies 

have examined these possibilities. Vaccarino et 

al 
29

 measured CRP and IL-6 in women with 

suspected coronary ischemia who completed 

the BDI. They reported that the women with 

depression had a 70% higher CRP level and a 

25% higher IL-6 level than those without 

depression, and they considered depression to 

be a significant predictor of CAD. It means that 

inflammatory biomarkers might explain the 
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association between depression and CAD. 

Similarly, Empana et al 
33

 and Davidson et al 
15

 

suggested that depressive mood was related to 

CAD due to these inflammatory markers.  

With respect to hospital complications, we 

found that the depressed patients with a higher 

range of inflammatory factors experienced 

significantly more brady- and tachyarrhythmias 

in their hospitalization period than the other 

patients. This finding is consistent with the data 

from previous studies which have indicated that 

the prognostic impact of post-MI depression is 

related to arrhythmia. 
12, 31

 Such findings 

confirm the independent risk associated with 

elevated BDI scores and demonstrate that the 

impact of depression is highlighted in patients 

with arrhythmias. Most studies have shown that 

patients with atrial fibrillation have an 

increased incidence of depression and anxiety 

due to an impaired quality of life. 
12, 34, 35

 On the 

other hand, prospective trials have shown that 

the elevated levels of CRP and other 

inflammatory factors measured at baseline are 

associated with adverse cardiovascular 

prognoses among healthy individuals as well as 

among those at high risk. The level of IL-6 has 

been linked to increased morbidities in unstable 

angina and acute MI. 
7
  

The present study has a few limitations. We 

evaluated the complications only in the 

hospitalization period. A better understanding 

of this association requires longitudinal studies 

with longer durations.  

Because we measured the depression score 

once at baseline and in the paper-pencil 

method, we were unable to assess the possible 

impact of its changes on CAD events. Another 

weakness of note is that we did not examine 

other psychiatric or personality disorders in our 

patients, which may have negatively impacted 

our results. 

In conclusion, we observed that the depressed 

patients with acute MI in our study had a higher 

level of inflammatory factors in their 

hospitalization period than their non-depressed 

counterparts and they experienced more 

complications such as arrhythmias at this time, 

which might have affected their prognosis. 

Therefore, it is imperative that we pay more 

attention to CAD patients with depressed mood 

in respect of the management and assessment of 

their prognosis. 
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