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Abstract
Aim: It is known that the prevalence of depression increases in patients with coronary artery disease (CAD). However, it is not clear whether patients’ symp-
toms of depression worsen as the severity of CAD increases. The aim of this study is to investigate whether there is a relationship between the Patient Health 
Questionnaire-9 (PHQ) score and the severity of CAD.
Material and Methods: A total of 168 patients, diagnosed with stable and unstable angina, acute myocardial infarction, were included in the study. The patients 
were divided into two groups as mild (n=133) and severe CAD (n=35) according to the SYNTAX score (SS) results. All patients completed PHQ-9 questionnaires, 
reflecting their mood up to 2 weeks before the heart attack. Patients with a previous diagnosis of depression, coronary artery disease, using psychiatric drugs, 
severe heart and kidney failure were excluded from the study.
Results: The PHQ-9 score was higher in severe CAD (6.7±4.5 vs 12.5±15.0 p<0.000). Correlation analyses showed a strong association between PHQ-9 and SS 
(r=0.724, p<0.000) and heart rate (r=0.381, p<0.000). However, regression analysis showed that only SS [OR: 7.8, 95% CI (0.214-0.358), p<0.000] significantly 
increased the risk of depression. Receiver operating characteristics curve analyses presented that the optimal cut-off PHQ-9 score was ≥ 8 with 71.4 % sen-
sitivity, 68.4 % specificity, and the area under the curve of 0.79, p < 0.000.
Discussion: PHQ-9 was higher in patients with severe CAD, and there was a strong link between PHQ-9 score and heart rate. 
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Introduction
The prevalence of depression is almost twice in patients 
with coronary artery disease (CAD) compared to the general 
population [1]. A sedentary life, smoking, alcohol consumption, 
stressful personality, which are among the risk factors for 
coronary artery disease, increase the tendency to depression. 
Conversely, depressed people have a stressful lifestyle that leads 
to more smoking, alcohol consumption, and CAD. It is known 
that compliance with medical treatment is poor in depressed 
patients and associated with unfavorable cardiovascular 
outcomes [2,3]. Therefore, the American Heart Association 
recommends routine screening for depression in patients with 
CAD and the European Society of Cardiology recommends the 
assessment of psychosocial risk factors with standardized 
questionnaires or clinical interviews in patients with CAD [4,5]. 
The Patient Health Questionnaire-9 (PHQ-9) scoring system is 
one of the approved questionnaires developed in the Diagnostic 
and Statistical Manual of Mental Disorders (DSM V) criteria for 
the diagnosis of depression in patients with coronary artery 
disease. This scoring is based on the patient’s symptoms in the 
past 2 weeks. Each question is scored between 0 and 3, and if 
the total score is 10 or more, it can be considered depression [6].
To measure the severity of CAD, a different scoring system 
was developed. The SYNTAX score (SS) defines coronary artery 
dominance, lesion severity, the complexity, and the location. The 
SS is also used to predict cardiac outcomes after percutaneous 
coronary intervention (PCI) [7].
The aim of this study is to investigate whether there is a 
relationship between the PHQ score and the severity of CAD.

Material and Methods
A total of 168 patients diagnosed with stable and unstable 
angina, acute myocardial infarction were included in the 
study. BMI was calculated by taking height, weight, and waist 
circumference was measured from the midpoint of the distance 
between the archus costarum and the spina iliaca anterior 
superior. Biochemical and hematological blood parameters 
were obtained from the medical records of the patients. 
SS was calculated by monitoring angiography images. The 
patients were interviewed and informed about the PHQ-9 
questionnaire, and completed the questionnaires themselves. 
The questionnaires were completed before the patient was 
discharged from the hospital.
SYNTAX score and Severity of CAD
Coronary angiographies (CAG) were performed using the 
Judkins technique, and all lesions ≥ 1.5 mm in diameter and 
causing 50 % stenosis in the coronary artery were included 
in the SS calculation [8]. After CAG, website software (http://
www.SYNTAXscore.com) was used for the calculation of 
SYNTAX score. The SYNTAX score was calculated for following 
points: Coronary dominance, number of lesions, segment per 
lesion, total occlusion, bifurcation, trifurcation, aortic-osteal 
lesion, severe tortuosity, calcification, thrombus, diffuse/small 
vessel disease and lesion length > 20 mm. SS was calculated 
separately by two interventional cardiologists who did not know 
the study protocol and patient characteristics. Patients were 
divided into two groups according to SYNTAX scores as severe 
CAD (> 23) and mild CAD (≥ 22) [9].

Exclusion criteria
Patients with severe aortic and mitral valve stenosis, permanent 
cardiac pacemaker, advanced heart failure, chronic kidney 
failure, previous myocardial infarction, and patients having the 
psychiatric disease were excluded from the study.
PHQ-9 questionnaire
This survey is a depression component of the Patient Health 
Questionnaire developed according to the diagnostic criteria 
for major depressive disorders (DSM-V) [9,10]. PHQ -9 is a 
self-reporting tool that can help an intense clinician easily 
scan, diagnose, monitor, and correctly measure the severity of 
depression [10]. 
PHQ -9 is a survey that includes 9 questions, evaluating the 
symptoms of depression during the last two weeks. The time 
required to complete the questionnaire is usually 3-5 minutes. 
Each question is answered with one of four possible numbers 
between 0-3 (0 = Not at all, 1 = Several days, 2 = More than 
half of days, and 3 = Almost every day). Total scores in PHQ-9 
can range from 0 to 27[10]’ scoring: 1 to 4 points = minimal 
depression, 5 to 9 points = mild depression, 10 to 14 points 
= moderate depression, 15 to 19 points = moderately severe 
depression, 20 to 27 points = severe depression. A score of 10 
or higher suggests possible depression and indicates the need 
for further investigation [10,11].
Statistical analysis
Statistical analysis was performed using SPSS 20.0 (IBM 
Corporation, Armonk, NY, USA). The baseline characteristics 
of the CAD patients were compared using Student’s t-test for 
continuous variables, and the χ2 Pearson’s test was used for 
categorical variables. Pearson’s correlation coefficient (r) and 
multivariable regression analyses were used to evaluate the 
strength of the relation between PHQ-9 score, SYNTAX score 
and heart rate. Then the receiver operating characteristics 
curve analysis (ROC) was used to evaluate the optimal cut-off 
the PHQ-9 score prediction model for high SS was applied to 
identify the optimal cut-off point.  For all statistics, a p-value 
below 0.05 was considered significant.
Ethics Committee approval (decision no: YDU/2019/69-836, 
date: 30.05.2019) was obtained from the Non-Interventional 
Clinical Research Ethics Committee of Near East University, 
before the initiation of the study. The Declaration of Helsinki 
was followed in the application of ethical rules of the study. All 
subjects gave informed consent for participation.

Results
A total of 168 patients who were diagnosed with CAD by 
coronary angiography and who responded to the PHQ-9 
questionnaire were included in the study. Thirty-five of these 
patients were severe CAD [mean age 59.3±11.2 years, 56 
(81.2%) were males] and 133 of them were mild CAD [mean 
age 61.5±13.1 years, 75 (75.8%) were males].
There was no significant difference between LSS and HSS 
patients in terms of age, BMI, gender, waist circumference, 
systolic blood pressure, diastolic blood pressure, smoking and 
alcohol use, family history, before CAD history, ejection fraction 
values and medical treatment (p>0.05) (Table 1).
There was a significant difference in terms of PHQ-9 score 
(6.7 ± 4.5 vs 12.5 ± 5.2, p<0.000). However, serum creatinine 
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levels (0.8±0.1 vs 0.8±0.3 mg/dl, p=0.301), serum aspartate 
transaminase (24.7±11.6 vs 54.6±82.9 U/L, p=0.003), alanine 
transaminase (27.0 ± 16.0 vs 33.7± 59.0 U/L, p=0.356), 
vitamin D (19.8 ± 23.0 vs 18.1 ± 12.1 ng/ml, p=0.567), vitamin 
B12 (419.7 ± 197.4 vs 361.3 ± 193.2 pg/ml, p=0.195), total 
cholesterol (200.6 ± 48.8 vs 187.0 ± 41.4 mg/dl, p=0.088), LDL 
(125.2 ± 29.0 vs 121.7 ± 34.0 mg/dl, p=0.426), triglycerides 
(173.0 ± 153.6 vs 167.0 ± 113.0 mg/dl, p=0.078), HDL(43.6 ± 
15.1 vs 40.9 ± 14.0 mg/dl, p=0.236), glucose (133.1 ± 65.1 vs 
132.7 ± 69.9 mg/dl, p=0.973), HbA1c (6.1 ± 1.4 vs 6.3 ± 1.5, 
p=436), thyroid-stimulating hormone (1.6 ± 1.0 vs 1.7 ± 1.4 
mIU/L, p=0.402), serum hemoglobin (13.7 ± 1.8 vs 13.2 ± 1.8 g/
dl, p=0.122), platelet levels (244.8 ± 61.5 vs 242.3 ± 64.1 x103 

Table 3. Multivariable logistic regression analyses between 
PHQ-9 score and SYNTAX score, heart rate and age

Variables Mild CAD (n=133) Severe (n=35) p-value

Age (years) 59.3±11.2 61.5±13.1 0.257

Gender (male %) 56 (81.2) 75 (75.8) 0.406

BMI (kg/m2) 30.1±5.8 28.9±5.4 0.185

Waist circumference (cm) 107.9±12.8 106.9±16.3 0.687

SBP (mmHg) 132.7±12.9 128.1±21.7 0.113

DBP (mmHg) 77.4±7.6 77.2±12.9 0.895

Heart rate (bpm) 80.8±13.2 82.1±17.5 0.593

Smoker (%) 22 (31.9) 39 (39.4) 0.319

Alcohol (%) 16 (23.2) 17 (17.2) 0.334

Hypertension (%) 33 (47.8) 51 (51.5) 0.638

Diabetes Mellitus (%) 18 (26.1) 33 (33.3) 0.315

Family History (%) 16 (23.2) 14 (14.1) 0.312

Before CAD (%) 20 (29.0) 26 (26.3) 0.637

Ejection Fraction (%) 52.5±10.6 53.4±9.8 0.850

Aspirin users (%) 18 (26.1) 23 (23.2) 0.637

B- blocker users (%) 22 (31.9) 21 (21.2) 0.119

Statin users (%) 14 (20.3) 20 (20.2) 0.987

CCB users (%) 6 (8.7) 14 (14.1) 0.284

ACEI users (%) 8 (11.6) 10 (10.1) 0.758

ARB users (%) 14 (20.3) 16 (16.2) 0.492

Abbreviations: ACEI: Angiotensin-converting enzyme inhibitors, ARB: Angiotensin II recep-
tor blockers, BMI: Body mass index; CAD: Coronary artery disease, CCB: Calcium channel 
blocker, DBP: Diastolic blood pressure, SBP: Systolic blood pressure.

Figure 1. Diagrams showing the association between PHQ-9 
score and SYNTAX Score

Table 2. Comparison of biochemical parameters PHQ-9 score 
in patients with mild and severe CAD

Table 1. Comparison of demographic features and medical his-
tory of patients with mild and severe CAD

Multivariable Regression analyses

Variables OR
%95 CI

(Lower Limit – Upper limit)
p-value

SYNTAX score 7.882 0.214 - 0.358 <0.000

Heart rate (bpm) 1.362 0.011 - 0.107 0.175

Age (year) -0.703 0.073 - 0.308 0.483

Gender (female) 0.133 0.065-0.138 0.340

Abbreviations: BMI, Body mass index.

Variables Mild CAD (n=133) Severe CAD (n=35) p-value

PHQ-9 score 6.7 ± 4.5 12.5±5.0 <0.000

Creatinine (mg/dL) 0.8±0.1 0.8±0.3 0.301

ALT (U/L) 27.0±16.0 33.7±59 0.356

AST (U/L) 24.7±11.6 27.6±12.9 0.430

Vitamin D (ng/mL) 19.8±23.0 18.1±12.0 0.567

Vitamin B 12 (pg/mL) 419.7±197 .4 361.3±193.2 0.195

Total cholesterol (mg/dL) 200.6±48.8 187.0±41.4 0.078

LDL-C (mg/dL) 125.2±29.0 121.7±34.0 0.426

HDL-C (mg/dL) 43.6±15.1 40.9±14.0 0.236

Triglyceride (mg/dL) 173.0±153.6 167.0±113.0 0.078

Glucose (mg/dL) 133.1±65.1 132.7±69.9 0.973

HbA1C (%) 6.1±1.4 6.3±1.5 0.436

Wbc (x103/uL) 8.6±2.0 8.7±3.1 0.512

Hb (g/dL) 13.7±1.8 13.2±1.8 0.122

PLT (x103/uL) 244.8±61.5 242.3±64.1 0.806

TSH (mIU/L) 1.6±1.0 1.7±1.4 0.402

Abbreviations: ALT: Alanine Transaminase, AST: Aspartate Aminotransferase, HR, Heart 
rate, Hb, Hemoglobin, HbA1c: Hemoglobin, HDL: High-density lipoprotein, LDL: Low-density 
lipoprotein cholesterol, n: number of patients, TSH, Thyroid stimulant hormone; WBC: White 
blood cell, PLT: Platelet.

Figure 2. The ROC curve for PHQ-9 score to predict the cor-
onary artery severity, AUC = 0.79 (95% CI 0.723–0.874, p < 
0.000), with a sensitivity of 71.4 % and a specificity of 68.4 %.  
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u/L, p=0.806),  white blood cells (8.6±2.0 vs 8.7±3.1 x103 u/L, 
p=0.512)  levels were similarly in two groups (Table 2).
Correlation analyses showed a strong association between 
PHQ-9 score and SS (r = 0.724, p < 0.000) and heart rate (r = 
0.381, p < 0.000) (Figure 1).
Multivariable regression analysis showed that only SS [OR: 7.8, 
95 % CI (0.214 - 0.358), (p<0.000)] were an independent risk 
factor for depression. No association was found between heart 
rate [OR: 1.3, 95 % CI (0.011-0.107), p=0.175], age [OR: -0.7, 
95 % CI (0.073-0.308), p=0.483], and gender [OR: 0.1, 95 % CI 
(0.065-0.138), p=0.340] and PHQ-9 score (Table 3).
The ROC curve for PHQ-9 score to predict the coronary artery 
severity showed AUC = 0.79 (95% CI 0.723–0.874, p < 0.000), 
cut-off value was PHQ-9 = 8, with sensitivity 71.4 % and 
specificity 68.4 %  (Figure 2).  

Discussion
In our study, we found that the PHQ-9 score was higher in 
severe CAD, and there was a strong link between the PHQ-
9 score and heart rate. To our knowledge so far, have not 
encountered a study on any link between severity of CAD and 
PHQ-9 questionnaire.
The pathophysiological process between depression and 
CAD begins with a change in the hypothalamic-pituitary 
gland axis and an increase in endocrine and inflammatory 
markers (C-reactive protein, interleukin-6, intercellular 
adhesion molecule-1 and increased fibrinogen). Changes in 
autonomic functions (activation of the sympathetic system and 
suppression of the activity of the parasympathetic system), 
leads to impaired endothelial and myocardial functions and 
the onset of hemostatic, inflammatory processes [12,13]. 
Increased catecholamines can also cause platelet activation 
with a procoagulant effect. Depression may increase coronary 
events both by accelerating the atherosclerotic process and by 
predisposition to thrombus. In our study, we found that patients 
with coronary artery disease had depressive symptoms 2 weeks 
before diagnosis, and patients with higher PHQ-9 scores had a 
higher severity of coronary artery stenosis. 
Patient Health Questionnaire-9 (PHQ-9) is a nine-item 
questionnaire designed to identify depression in primary care 
and other medical settings. It has been shown in previous 
studies that the most appropriate method for diagnosing 
depression in coronary artery patients is the PHQ-9 score 
[14]. The PHQ-9 questionnaire standard cutoff score of 10 or 
greater maximizes the combined sensitivity and specificity for 
general and subgroups [15]. The strength of the PHQ-9 scores 
to predict depression in CAD has been tested in many studies. 
Haddad et al. in their study found that cut- points of PHQ-9 at 
≥ 8 provide optimal test characteristics in CAD populations: a 
combination of test values (sensitivity = 94%; specificity = 84%; 
Youden Index 0.78), supports the selection of this breakpoint 
[14]. In our study, we found that a PHQ-9 score of ≥ 8 was 
significant for severe CAD. 
Our study was a single-center, retrospective and subjectively 
conducted study based on the responses of patients to the 
PHQ-9 questionnaire. The number of patients was limited 
because we were able to enroll patients participating with 
their consent. In future studies, we believe that the relationship 

between depression and severity of CAD can be examined in 
different populations and scoring systems. Since such a study 
has not been conducted before, it was difficult to reflect the 
differences in our study and make comparisons.
Impact statement 
In our study, we found that the PHQ-9 score was higher 
in patients having serious CAD. Therefore, we believe it is 
important to explore patients with high SS for the likelihood 
of depression.
Conclusion
Depression is a general problem associated with high mortality 
and reduced quality of life in patients with CAD. Depression 
complicates the treatment of CAD by worsening cardiovascular 
risk factors, decreasing compliance with treatment and 
reducing adherence to a healthy lifestyle. In our study, we found 
that depression increased in patients with severe coronary 
artery disease. Therefore, in severe CAD, depression should be 
thoroughly investigated and treated.

Scientific Responsibility Statement 
The authors declare that they are responsible for the article’s scientific content 
including study design, data collection, analysis and interpretation, writing, some 
of the main line, or all of the preparation and scientific review of the contents and 
approval of the final version of the article.

Animal and human rights statement
All procedures performed in this study were in accordance with the ethical 
standards of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or comparable ethical 
standards. No animal or human studies were carried out by the authors for this 
article.

Funding: None

Conflict of interest
None of the authors received any type of financial support that could be considered 
potential conflict of interest regarding the manuscript or its submission.

References
1. Davidson KW. Depression and coronary heart disease. ISRN Cardiol. 2012; 
2012:743813.
2. Vitinius F, Escherich S, Deter HC, Hellmich M, Jünger J, Petrowski K, et al. 
Somatic and sociodemographic predictors of depression outcome among 
depressed patients with coronary artery disease - a secondary analysis of the 
SPIRR-CAD study. BMC Psychiatry. 2019; 19:57.
3. Albus C, Waller C, Fritzsche K, Gunold H, Haass M, Hamann B, et al. Significance 
of psychosocial factors in cardiology: update 2018: Position paper of the German 
Cardiac Society. Clin Res Cardiol. 2019; 108(11):1175-96.
4. Elderon L, Smolderen KG, Na B, Whooley MA. Accuracy and prognostic value of 
American Heart Association: recommended depression screening in patients with 
coronary heart disease: data from the Heart and Soul Study. Circ Cardiovasc Qual 
Outcomes. 2011; 4(5):533-40.
5. Pogosova N, Kotseva K, De Bacquer D, von Känel R, De Smedt D, Bruthans 
J, et al. EUROASPIRE Investigators. Psychosocial risk factors in relation to 
other cardiovascular risk factors in coronary heart disease: Results from the 
EUROASPIRE IV survey. A registry from the European Society of Cardiology. Eur J 
Prev Cardiol. 2017; 24(13):1371-80.
6. Maurer DM, Raymond TJ, Davis BN. Depression: Screening and Diagnosis. Am 
Fam Physician. 2018; 98:508-15.
7. Judkins MP. Selective coronary arteriography. I. A percutaneous transfemoral 
technic. Radiology. 1967; 89(5):815-24.
8. Bundhun PK, Sookharee Y, Bholee A, Huang F.  Application of the SYNTAX score 
in interventional cardiology: A systematic review and meta-analysis. Medicine 
(Baltimore). 2017; 96:e7410.
9. Head SJ, Davierwala PM, Serruys PW, Redwood SR, Colombo A, Mack MJ, et 
al. Coronary artery bypass grafting vs. percutaneous coronary intervention for 
patients with three-vessel disease: final five-year follow-up of the SYNTAX trial. 
Eur Heart J. 2014; 35(40):2821-30.
10. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001; 16(9):606-13.
11. U.S. Preventive Services Task Force. Screening for Depression: 
Recommendation and rationale. Ann Intern Med. 2002; 136(10):760-4.
12. Vaccarino V, L Badimon,  Bremner JD, Cenko E, Cubedo J, Dorobantu M, et al. 
Depression and coronary heart disease: 2018 position paper of the ESC working 
group on coronary pathophysiology and microcirculation. Eur Heart J. 2020; 



 | Annals of Clinical and Analytical Medicine

Depression score and coronary artery disease

1156

41(17):1687-96.
13. RC Veith, N Lewis, OA Linares, Barnes RF, Raskind MA, Villacres EC, et 
al. Sympathetic Nervous System Activity in Major Depression. Basal and 
Desipramine-Induced Alterations in Plasma Norepinephrine Kinetics. Arch Gen 
Psychiatry. 1994; 51(5):411-22.
14. Haddad M, Walters P, Philips R, Tsakok J, Williams P, Mann A, et al. Detecting 
Depression in patients with Coronary Heart Disease: a Diagnostic Evaluation of 
the PHQ-9 and HADS-D in Primary Care Findings From the UPBEAT-UK Study. 
PLoS One. 2013; 8(10):e78493.
15. Levis B, Benedetti A, Thombs BD; DEPRESsion Screening Data (DEPRESSD) 
Collaboration Accuracy of Patient Health Questionnaire-9 (PHQ-9) for screening 
to detect major depression: individual participant data meta-analysis. BMJ. 2019; 
365:l1476. 

How to cite this article:
Songül Usalp, Ramazan Gündüz, Belma Yaman, Levent Cerit, Hamza Duygu. The 
predictive value of the Patient Health Questionnaire-9 score for measuring the 
severity of coronary artery disease. Ann Clin Anal Med 2021;12(10):1152-1156


