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Summary
	 Background:  Major depressive disorder (MDD) is known as risk factor for developing cardiovascular disease. This study 
aimed to evaluate the risk of cardiovascular disease in drug-naive patients diagnosed with MDD by evaluating frontal QRS-T angle 
(fQRS-T) and laboratory parameters.
	 Subjects and methods: Fifty-nine MDD patients (28 females, 31 males) and 61 healthy controls (HC) (39 females, 22 males) 
were included in the study. Electrocardiography (ECG), lipid parameters, hemogram, and biochemistry values of the participants were 
taken. Hamilton Depression Rating Scale (HDRS) was used to determine the severity of MDD. Monocyte lymphocyte ratio (MLR), 
neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR), monocyte high density cholesterol (HDL-C) ratio (MHR), and 
C-reactive protein albumin ratio (CAR) were calculated.
	 Results: The mean age was 34.54±7.10 years in the MDD group and 32.80±6.78 years in the HC group. The fQRS-T val-
ue (p<0.001) was significantly higher in the MDD group than in the HC group. MLR (p<0.001), NLR (p<0.001), and PLR values 
(p<0.001) were significantly higher in the MDD group than in the HC group. A significant positive correlation was found between MLR, 
NLR, PLR, HDRS and fQRS-T angle in the MDD group. According to the linear regression analysis for fQRS-T, NLR positively and 
significantly predict fQRS-T [F=34.700, p<0.001, adjusted R square=0.635]. 
	 Conclusion: This current study is the first to show that there is a significant positive relationship between NLR, MLR, PLR levels 
and depression severity and fQRS-T angle in patients diagnosed with MDD.
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INTRODUCTION

Major depressive disorder (MDD) is a psychiatric dis-
order that primarily affects women and may result in dis-
ability. It involves a depressed mood or loss of pleasure 
or interest in activities for long periods and it can cause 
difficulties in all aspects of life, including in the commu-
nity and at home, work, and school. A complex interplay 
of biological, psychological, and social factors leads to 
MDD (Astafeva et al., 2023). In the world, 280 million 
people suffer with MDD. More than 700,000 people die 
due to suicide every year. The fourth most common cause 
of mortality for people aged 15 to 29 is suicide (https://
www.who.int/news-room/fact-sheets/detail/depression). 
Physical health is intimately tied to and impacts depres-
sion. Many of the factors that influence depression are 
also known risk factors for diseases such as cardiovascu-
lar disease (CVD), cancer, diabetes, and respiratory dis-
eases. As a result of the challenges involved in controlling 

their illness, those who have certain conditions may also 
develop MDD (Gold et al., 2020).

The link between CVDs and depression has been 
known for a long time. MDD is known as risk factor for 
developing CVD, which is as important and is indepen-
dent of classic risk factors, such as hypertension, diabe-
tes mellitus, and smoking. Studies indicate that MDD is 
more common in those who have experienced a major 
cardiac event, as many as 40% of patients fit the criteria 
for MDD. MDD was associated with an overall relative 
risk of 1.64 for developing CVD, according to a me-
ta-analysis of 11 trials (Katon et al., 2004). The likelihood 
of having CVD is correlated with the severity of depres-
sion (Ren, 2022). Various mechanisms, including hypo-
thalamic-pituitary-adrenal axis dysfunction, autonomic 
disorders, metabolic derangements, endothelial damage, 
hematological changes, behavioral factors, childhood 
traumas, genetic factors, and inflammation, play a role 
in the relationship between cardiovascular disease risk 
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and depression (Ozturk et al., 2023). Individuals with 
MDD may also have dysregulation of the hypothalam-
ic-pituitary-adrenal axis and sympathetic nervous system 
as a result of psychological stress. The development of 
hypertension, coronary vasoconstriction, platelet activa-
tion, heart rate variability, left ventricular hypertrophy, 
endothelial dysfunction, and the release of pro-inflam-
matory cytokines are among the detrimental downstream 
effects that follow. Furthermore, the patients diagnosed 
with MDD have higher rates of detection for cardiac risk 
factors, including smoking, diabetes, alcoholism, dys-
lipidemia, and sedentary lifestyles. An increased risk of 
myocardial infarction and ventricular arrhythmias could 
result from this (Dhar & Barton, 2016).

Frontal QRS-T angle (fQRS-T) is a non-invasive and 
simple ECG parameter that can be simply computed from 
electrocardiography (ECG) without requiring any special 
software. The fQRS-T is the definite angle diffraction be-
tween the QRS and T axes. This ECG parameter is quite 
recent and provides valuable insight into the process of 
myocardial repolarization (Dilaveris et al. 2001). In a va-
riety of populations, researchers have shown that fQRS-T 
can predict impending cardiovascular events, this param-
eter has also been connected to arrhythmias and sudden 
death (Oehler et al,. 2014). Yilmaz and Yilmaz compared 
the fQRS-T angles of patients diagnosed with MDD and 
healthy controls and found that this value was significant-
ly higher in the patient group (Yilmaz & Yilmaz, 2023). 
However, in that study, the relationship between inflam-
mation parameters, whose role in CVD has been frequent-
ly studied, and ECG parameters was not investigated. Sys-
temic inflammation has been emphasized in the literature 
as a significant factor in the onset, course, and prognosis 
of atherosclerosis in recent years. Lymphocyte, C-reac-
tive protein, cholesterol and albumin related parameters 
have been frequently investigated for this purpose.

To the best of our knowledge, there is no informa-
tion on the relationship of fQRS-T angle, inflammation 
parameters, and MDD. This study aimed to evaluate the 
risk of cardiovascular disease in drug-naive patients diag-
nosed with MDD by evaluating fQRS-T angle and labo-
ratory parameters.

SUBJECTS AND METHODS

The present study have a cross-sectional nature. This 
study was carried out in Adıyaman Training and Rese
arch Hospital in Turkey. The ethics committee of Adıya-
man University gave its clearance to the study (Decision 
Date: 16/11/2021 and Decision Number: 2021/09-03). 

The Declaration of Helsinki was followed in conducting 
the study.

Fifty-nine patients diagnosed with MDD according to 
the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (DSM-5) were included in the study 
(American Psychiatric Association, 2013). Those who 
were not between the ages of 18 and 65, those with known 
cardiac disease, endocrinology disease, and other psychi-
atric disorders were excluded from the study. All patients 
diagnosed with MDD were drug-naive. Sixty-one healthy 
control (HC) subjects without a known disease were in-
cluded in the study. The HC group was selected from the 
people who came to get a driver’s license, a job entrance 
examination, or a healthy report. Participants of HC 
group were not using any psychotropic, antiarrhythmic 
drugs such as calcium channel blockers or beta block-
ers. Some sociodemographic (age, gender, and smoking 
status) and clinical (complete blood count, biochemistry, 
and ECG parameters) features of the participants were 
recorded.

The 17-item Hamilton Depression Rating Scale 
(HDRS), which was developed in late 1950s has been the 
most frequently used observer-rated measure of depres-
sion. The HDRS evaluates depression severity through 
items on: 1) depressed mood, 2) guilt, 3) suicidal thought 
or action, 4) insomnia initial, 5) insomnia middle, 6) in-
somnia late, 7) work and interests (assessing pleasure and 
functioning), 8) motor retardation, 9) motor agitation, 10) 
psychic anxiety, 11) somatic anxiety, 12) appetite, 13) 
tiredness, 14) sexual interest, 15) hypochondriasis, 16) 
weight loss, 17) insight. Among these 17 items, 9 items 
are scored on a 5-point scale (0–4) and 8 items on 3-point 
scale (0–2) with higher scores indicating greater depres-
sive severity for all items. In keeping with current prac-
tice, the total item score was used to quantify the severity 
of depression (Hamilton, 1960). The Turkish validity and 
reliability study of HDRS was carried out by Akdemir et 
al. (Akdemir et al., 1996).

Every participant had their 12-lead ECG (Nihon 
Kohden, Tokyo, Japan) monitored. The settings for the 
QRS and QT intervals were generated methodically. QRS 
duration was calculated from the beginning of the Q wave 
to the end of the S wave. The time between the start of the 
QRS and the conclusion of the T wave was referred to as 
the QT interval. The QT interval varies according to heart 
rate; it shortens when heart rate rises and lengthens when 
heart rate falls. As a result, it must be changed in accor-
dance with heart rate. The QT interval at a constant heart 
rate of 60 is represented by the corrected QT interval 
(QTc). It was easy to find the QRS and T axes in the ECG 
machine’s documentation. The actual difference between 
the QRS and T axes was used to calculate the fQRS-T 
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Table 1. Comparison of Sociodemographic and ECG Parameters of Patients Diagnosed with MDD and HC

Variables MDD (n=59) HC (n=61) p
Age (years) 34.54±7.10 32.80±6.78 0.173

Gender (n/%) Female 28 39 0.069Male 31 22
Smokers (n/%) 22 (36.1%) 29 (49.2%) 0.147
Heart rate, bpm 82.90±14.37 77.41±12.94 0.030*
QRS, msec 89.80±8.95 87.87±8.35 0.225
QT, msec 365.66±28.74 368.92±28.84 0.537
QTc, msec 414.53±29.92 406.56±29.96 0.148
fQRS-T (o) 48.05±18.84 21.21±16.59 <0.001*
HDRS 36.50±11.14 – –

*p<0.05; Independent t test and Chi-square test were used; MDD: Major depressive disorder, HC: Healthy controls, ECG: Electrocar-
diography, QTc: Corrected QT interval, fQRS-T: Frontal QRS-T angle, HDRS: Hamilton depression rating scale

Table 2. Comparison of Complete Blood Count Parameters of Patients Diagnosed with MDD and HC

Variables MDD (n=59) HC (n=61) p
Hemoglobin, mg/dL 14.87±1.88 14.40±2.24 0.218
WBC, 103/μL 8.11±2.01 8.12±2.12 0.981
Neutrophil, 106/μL 5.56±1.62 4.84±1.62 0.017*
Lymphocyte, 103/μL 1.73±0.81 2.50±1.12 <0.001*
Monocyte, 103/μL 0.56±0.23 0.55±0.20 0.749
Eosinophil, 103/μL 0.13±0.11 0.16±0.14 0.201
Basophil, 103/μL 0.07±0.04 0.09±0.05 0.125
Platelet, 103/μL 252.11±43.74 242.04±48.39 0.235
MLR 0.37±0.22 0.24±0.13 <0.001*
NLR 3.75±1.47 2.23±1.18 <0.001*
PLR 174.02±78.06 110.45±47.09 <0.001*

*p<0.05; Independent t test was used; Abbreviations=MDD: Major depressive disorder, HC: Healthy controls, WBC: White blood 
cell, MLR: Monocyte lymphocyte ratio, NLR: Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio

after they were verified by the report. ECG examination 
was performed by an 9-year-experienced cardiologist.

The volunteers gave a venous blood sample when 
they were admitted to the hospital. To quantify white 
blood cells (WBC), including neutrophils and lympho-
cytes, CELL-DYN Ruby (Abbott Diagnostics, Abbott 
Park, IL, USA) was used the computerized hematology 
testing instrument. Lymphocyte-related ratios such as 
neutrophil lymphocyte ratio (NLR), platelet lympho-
cyte ratio (PLR); hemoglobin, low density cholesterol 
(LDL-C), high density cholesterol (HDL-C), monocyte 
HDL-C ratio (MHR), and C-reactive protein the albumin 
ratio (CAR) were also measured.

Windows SPSS 22.0 (Statistical Package for the Social 
Sciences Inc.) was used for the statistical analysis. Con-
tinuous variables and descriptive statistics are presented 
as mean±standard deviation, while categorical variables 
are presented as frequency and percentage. The categor-
ical data were analyzed using the chi-square test. The 
Kolmogorov-Smirnov test was used to determine whether 
a normal distribution was appropriate. Mann-Whitney U 
test was used to make comparisons between two groups 
to determine significant differences between groups. 
ROC curve analysis was used to measure the diagnostic 
value of lymphocyte-related parameters and fQRS-T an-
gle. Spearman correlation analysis was performed to the 
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Table 3. Comparison of Biochemical Parameters of Patients Diagnosed with MDD and HC

Variables MDD (n=59) HC (n=61) p
Albumin, mg/dL 3.94±0.23 4.28±0.47 <0.001*
CRP, mg/dL 0.29±0.11 0.24±0.23 0.184
Total cholesterol, mg/dL 176.17±44.26 170.30±39.39 0.444
LDL-C, mg/dL 82.03±29.11 76.65±28.81 0.318
HDL-C, mg/dL 59.15±15.51 67.61±18.06 0.007*
Triglyceride, mg/dL 170.53±146.80 127.51±11.59 0.073
MHR 0.010±0.005 0.008±0.003 0.082
CAR 0.074±0.030 0.059±0.069 0.136

*p<0.05; Independent t test was used; Abbreviations=MDD: Major depressive disorder, HC: Healthy controls, CRP: C-reactive protein, 
LDL: Low density cholesterol, HDL: High density cholesterol, MHR: Monocyte HDL-C ratio, CAR:C-reactive protein albumin ratio

patient group. Linear regression analysis was performed 
to assess the impact of lymphocyte-related parameters 
on the fQRS-T angle. Binary logistic regression analysis 
was used in group prediction. A value of less than 0.05 (p 
value) was considered statistically significant. 

RESULTS

There were 31 males (52.54%) and 28 females 
(47.46%) in MDD group, 22 males (36.06%) and 39 
females (63.94%) in the HC group. The mean age was 
34.54±7.10 years in the MDD group and 32.80±6.78 years 
in the HC group. There was no significant difference be-
tween the MDD and HC groups in terms of age (p=0.173), 
gender (p=0.069), and smoking status (p=0.147). While 
the QRS (p=0.225), QT (p=0.537), QTc values (p=0.148) 
of the MDD and HC groups were similar, the fQRS-T 
value (p<0.001) was significantly higher in the MDD 
group than in the HC group (Table 1).

Complete blood count (CBC) and other laboratory 
parameters of MDD and HC groups were compared 
(Table 2 and Table 3). MLR (p<0.001), NLR (p<0.001), 
and PLR values (p<0.001) were significantly higher in 
the MDD group than in the HC group. The lymphocyte 
count was significantly higher in the HC group than in 
the MDD group (p<0.001). Albumin value was signifi-
cantly higher in the HC group than in the MDD group 
(p<0.001).

Correlation of various parameters with fQRS-T an-
gle by controlling for the age effect was shown in Table 
4. A significant negative correlation was found between 
lymphocyte count and fQRS-T angle in the MDD group. 

Also, a significant positive correlation was found be-
tween MLR, NLR, PLR, HDRS and fQRS-T angle in the 
MDD group.

Table 4. Correlation analyses of fQRS-T angle and 
laboratory parameters in patients with MDD controlling 
for the effect of age

Variables fQRS-T Angle (r, p)
MLR 0.608, <0.001*
NLR 0.789, <0.001*
PLR 0.672, <0.001*
Lymphocyte -0.590, <0.001*
HDRS 0.495, <0.001*

*p<0.05; Pearson correlation analyses was used; Abbrevia-
tions= fQRS-T: Frontal QRS-T angle, MDD: Major depressive 
disorder, MLR: Monocyte lymphocyte ratio, NLR: Neutrophil 
lymphocyte ratio, PLR: Platelet lymphocyte ratio, HDRS: 
Hamilton depression rating scale

In the MDD group, the relationship between HDRS 
score and lymphocyte-related parameters was examined 
by controlling the effect of age. A significant positive cor-
relation was found between MLR (r=0.583, p<0.001), NLR 
(r=0.664, p<0.001), PLR (r=0.759, p<0.001) and HDRS.

Linear regression analysis was applied to evaluate the 
effect of MLR, NLR, PLR on fQRS-T. Accordingly, the 
regression model was significant since p<0.001 for ANO-
VA test. According to the linear regression analysis for 
fQRS-T, NLR positively and significantly predict fQRS-T 
[F=34.700, p<0.001, adjusted R square=0.635] (Table 5).

According to the binary logistic regression analysis, 
the sensitivity of fQRS-T angle (p<0.001) related to the 
diagnosis of MDD was 76.3 percent and the specificity 
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Table 5. Linear regression analyses of fQRS-T angle in MDD group

Unstandardized  
Coefficients

Standardized 
Coefficients t p

95,0% Confidence  
Interval for B

B Std. Error Beta Lower Bound Upper Bound
(Constant) 9.216 4.128 2.232 0.030* 0.942 17.489
MLR 14.278 9.462 0.167 1.509 0.137 -4.683 33.240
NLR 8.284 1.655 0.647 5.004 <0.001* 4.967 11.602
PLR 0.013 0.033 0.055 0.401 0.690 -0.053 0.080

*p<0.05; Linear regression analyses was used; Abbreviations= fQRS-T: Frontal QRS-T angle, MDD: Major depressive disorder, 
MLR: Monocyte lymphocyte ratio, NLR: Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio

Figure 1. ROC Curve Analysis of fQRS-T Angle and Lymphocyte-Related Parameters

Notes: fQRS-T: Frontal QRS-T angle, MLR: Monocyte lymphocyte ratio,  
NLR: Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio
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was 80.3 percent (Exp(B)=1.080 [95%CI for Exp(B) 
= 1.052-1.110], Constant p<0.001; -2 Log likelihood = 
114.638; Cox & Snell R2= 0.350; Nagelkerke R2=0.467).

According to the binary logistic regression analysis, 
the sensitivity of NLR (p<0.001) related to the diagnosis 
of MDD was 72.9 percent and the specificity was 82.0 per-
cent (Exp(B)=2.265 [95%CI for Exp(B) = 1.637-3.132], 

Constant p<0.001; -2 Log likelihood = 133.110; Cox & 
Snell R2= 0.242; Nagelkerke R2=0.322).

ROC curve analysis performed on the basis of patients 
diagnosed with MDD and HCs. Area under the curve was 
0.858 for fQRS-T (p<0.001), 0.718 for MLR (p<0.001), 
0.784 for NLR (p<0.001), and 0.776 for PLR (p<0.001) 
(Figure 1).
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DISCUSSION

This study compares the ECG and laboratory param-
eters of drug-naïve MDD and HC groups. It has been 
demonstrated that the fQRS-T angle, MLR, NLR, and 
PLR of the MDD group were significantly higher than the 
HC group. A significant positive correlation was found 
between MLR, NLR, PLR, HDRS and fQRS-T angle in 
the MDD group.

Future cardiovascular mortality can be predicted by 
abnormalities in ventricular depolarization, particularly 
changes during the vulnerable repolarization phase in par-
ticular. Many studies have demonstrated the ability to pre-
dict cardiac mortality based on the spatial QRS-T angle. 
However, most clinicians are unfamiliar with measuring 
the spatial QRS-T angle, and the computerized electro-
cardiographic analysis tools now in use does not typically 
provide this information. On the other hand, the frontal 
plane QRS-axis and T-wave axis are easily obtained from 
a typical 12-lead ECG and are typically reported by auto-
mated ECG devices. QRS-T angle can be easily calculat-
ed from them, and for risk prediction, it has been shown 
to have a strong association with the spatial QRS-T an-
gle. Aro et al. have demonstrated a connection between 
a wide fQRS-T angle and both ventricular arrhythmias 
and abrupt cardiac mortality. An abnormal fQRS-T angle 
indicates the underlying myocardial ion channel disor-
ders resulting in aberrant ventricular repolarization (Aro 
et al., 2012). This current study is important as it shows 
that fQRS-T angle is increased in patients diagnosed with 
MDD. Our findings support the known relationship be-
tween depression and CVD. There is only one study in the 
literature examining fQRS-T angle in MDD. In this very 
recent research (Yilmaz & Yilmaz, 2023), fQRS-T angle 
was found to be higher in the MDD group, similar to our 
study. However, when the literature is examined, it ap-
pears that cardiac abnormalities in MDD have a close re-
lationship with inflammation (Aydin Sunbul et al., 2016). 
This current study is unique in that it reveals for the first 
time the relationship between fQRS-T angle and inflam-
matory markers in the drug-naive MDD group.

Stress, the most prevalent symptom of MDD, may 
aggravate atherosclerosis. Endothelial dysfunction and 
elevated platelet activation have been suggested as a pos-
sible pathophysiological mechanism between MDD and 
CVD. Long-term mental stress has been demonstrated to 
cause chronic endothelial dysfunction, which is a com-
mon occurrence in MDD patients. It has been demon-
strated that endothelial dysfunction is one of the precur-
sors of subsequent cardiovascular deterioration. Actually, 
a number of psychiatric disorders have been linked to ox-
idative stress. As previously mentioned, MDD has been 

linked to elevated platelet reactivity, raising the relative 
risk of thrombus development and blockage of an artery. 
One of the causal mechanisms that have been suggested 
to link MDD to an increased risk of CVD is inflammation, 
through the process of atherosclerosis. It was found that 
the MDD patients had higher than normal levels of in-
flammatory biomarkers (Dhar & Barton, 2016). Lympho-
cyte-related parameters have been frequently studied, es-
pecially in recent years, to indicate the possible increase 
in inflammation in CVDs and psychiatric disorders (Zhao 
et al., 2023; Su et al., 2022). 

The innate immune system relies heavily on neutro-
phils, which are the acute phase of an inflammatory re-
sponse. In contrast, lymphocytes represent the adaptive 
immune system and promote the induction of autoim-
mune inflammation, especially in the chronic inflamma-
tory response. NLR is a biomarker of inflammation be-
cause it combines the functions of the innate and adaptive 
immune systems (García-Escobar et al., 2023). In a recent 
cohort study conducted by Zhao et al. in China, the rela-
tionship between NLR and risk of CVDs was investigat-
ed. They suggested that NLR was significantly related to 
the risk of total CVDs (Zhao et al., 2023). PLR and NLR 
are other parameters used to predict prognosis in CVDs. 
Tamaki et al. investigated the combined usefulness of 
NLR and PLR for estimating the prognosis of patients 
with heart failure with preserved ejection fraction admit-
ted for acute decompensated heart failure. In that study, it 
is demonstrated that the combination of NLR and PLR is 
useful for the prediction of post discharge cardiac death 
in patients with acute heart failure with preserved ejec-
tion fraction (Tamaki et al., 2023). Hua et al. investigated 
the association between MLR with mortality and CVD 
mortality in United States adults. Their study demonstrat-
ed that increased baseline MLR was positively associated 
with a higher risk of death in United States adults. Also, it 
was stated that MLR was a strong independent predictor 
of CVD mortality in the general population (Hua et al., 
2023). It has been shown in previous studies that lym-
phocyte-related parameters also increase in depression 
(Mazza et al,. 2018; Adhikari et al., 2018; Özyurt & Bi-
nici, 2018). In a meta-analysis conducted by Su et al. to 
investigate the relationship between depression and NLR, 
PLR, MLR, it was shown that patients diagnosed with 
depression had higher NLR levels compared to healthy 
controls (Su et al., 2022). In the study by Aydin-Sunbul 
et al., in which they compared the NLR levels of patients 
diagnosed with MDD and HCs, a significant positive re-
lationship was found between the NLR level and HDRS 
score, and it was shown that there was a significant rela-
tionship between the CVD risk factors and NLR levels of 
patients diagnosed with MDD. Aydin-Sunbul et al. did not 
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use ECG parameters when investigating this relationship 
(Aydin Sunbul et al., 2016). This current study is the first 
to show that there is a significant positive relationship 
between NLR, MLR, PLR levels and depression severity 
and fQRS-T angle in patients diagnosed with MDD.

The cross-sectional nature of this study is the most im-
portant limitation. Investigating the effect of MDD treat-
ment on inflammation and ECG parameters will eliminate 
this limitation. Since patients’ blood electrolyte and thy-
roid hormone concentrations will change the ventricular 
repolarization parameters, not examining them is a limita-
tion of this study. More extensive laboratory and detailed 
studies are needed for the relation between BD and frontal 
QRS-T angle. The inclusion of drug-naive patients diag-
nosed with MDD is the strongest aspect of this study.

CONCLUSION

In conclusion, this study shows that MDD has a signif-
icant relationship with increased levels of lymphocyte-re-
lated parameters such as NLR, PLR, and MLR, which 
are frequently investigated as novel inflammation param-
eters. Additionally, it has been demonstrated that cardiac 
parameters such as f-QRS-T angle in patients diagnosed 

with MDD are significantly different compared to healthy 
controls. It has also been suggested that there is a rela-
tionship between lymphocyte-related parameters and 
electrocardiographic parameters of patients diagnosed 
with MDD. Further studies are needed to reveal which 
variable affects which variable and in what direction.
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