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or heart failure, myocardial infarction, cardiovascular 
death, and all‑cause mortality compared to the normal 
population.[3] Moreover, the quality of life of patients 
with NOCAD is adversely affected due to repeated 
hospitalizations and coronary angiograms, which also 
lead to increased healthcare expenditure.[4]

Psychological distress, particularly anxiety and 
depression, is often linked to CAD and its negative 
effects. A meta‑analysis study revealed that anxiety is 
related to elevated mortality risk in patients with CAD. 
In addition, the presence of anxiety in patients with 

INTRODUCTION

In patients with symptomatic angina who undergo 
coronary angiography, no significant obstruction or 
normal coronary arteries were found in around 40% and 
up to 70% of these patients, often leading to a diagnosis 
of non‑obstructive coronary artery disease (NOCAD).[1,2] 
Unfortunately, patients with NOCAD are frequently 
managed improperly and continue to be symptomatic.[1] 
Despite the absence of significant occlusion, patients 
with NOCAD experience angina chest pains like OCAD 
patients. In addition, they face a higher risk of stroke 
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stable CAD is associated with the risk of poorer outcomes.[5] 
Psychological distress, namely anxiety and depression are 
common in patients with CAD[6] and is significantly 
correlated with the severity of the disease.[7] Another 
meta‑analysis found that initially healthy individuals with 
anxiety may have a greater risk of developing CAD and 
increased cardiac mortality.[8] Similarly, a review indicates 
that in patients with established CAD, depression raises 
the risk of incident CAD and contributes to cardiovascular 
morbidity and mortality.[9] In stable CAD patients, both 
anxiety and depression significantly predict the 2‑year 
major adverse cardiac events (MACEs), and it has also been 
shown that anxiety and depression increased the risk of 
these patients having MACEs, with the odds ratios of 2.09 
and 2.85, respectively.[10]

In addition to anxiety and depression, general psychological 
stress has been found to significantly contribute to 
the progression and advancement of cardiovascular 
disease  (CVD). The risk of CVD, such as stroke and 
coronary heart disease (CHD), increases from 1.1 to 1.6‑fold 
in individuals experiencing work‑related or personal 
stress.[11] One way to measure stress is by using stress 
biomarkers. When the stress occurs, these biomarkers, 
primarily cortisol, are released following the activation of 
the hypothalamus–pituitary–adrenal (HPA) axis. Cortisol 
levels can be analyzed from various samples, including 
saliva, blood, and hair.[11] In addition, dopamine release 
has been associated with psychological stress.[12] Dopamine, 
an important neurotransmitter for reward and pleasure 
systems in the brain, seems to have a complex relationship 
with stress. Previous studies have shown that acute 
stress often results in an increased release of dopamine, 
which may enhance motivation. In contrast, chronic 
stress tends to decrease dopamine release, potentially 
leading to depression.[13] In patients who have gone 
coronary angiography, an association has been observed 
between cortisol levels and traditional cardiovascular risk 
factors.[14] However, the association between cortisol levels 
and NOCAD has not been extensively studied, highlighting 
an urgent need for further investigation in this area.

While there is substantial data on the role of psychological 
factors in patients with OCAD, information regarding 
the involvement of psychological factors such as anxiety 
and depression in patients with NOCAD is still limited. 
It remains unclear whether NOCAD patients experience 
higher levels of psychological stress compared to individuals 
without angina. The stress levels in NOCAD patients have 
not been extensively studied. In this study, we hypothesized 
that patients with NOCAD might have higher psychological 
stress levels as compared to the healthy population. 
Therefore, our research aimed to evaluate the score of 
psychological components using validated questionnaires 

and to measure stress biomarkers (cortisol and dopamine) 
in patients with OCAD, NOCAD, and non-symptomatic 
controls. We also explored the association of psychological 
symptoms and blood biomarkers with NOCAD. The 
outcomes of this study could offer valuable insights 
into whether NOCAD patients experience significant 
psychological distress, which would be beneficial for 
intervention strategies.

MATERIALS AND METHODS

Study design and patients
This prospective cross‑sectional study was conducted at 
the Hospital Pakar Universiti Sains Malaysia in Kelantan, 
Malaysia, from July 2022 to June 2024. Participants were 
recruited using a convenient sampling method. We 
invited symptomatic patients who met the inclusion and 
exclusion criteria to participate in the study. These patients, 
suspected of having coronary artery disease  (CAD) and 
scheduled for a coronary angiography examination in 
our Invasive Cardiology Laboratory, were screened prior 
to the procedure. They came to the hospital primarily 
due to typical or atypical chest pain and sought medical 
advice and treatment. The sample size was determined 
using the PS Power and Sample Size Calculations software 
(version 3.0). The significance level (α) and statistical power 
were set at 0.05 and 0.8, respectively. An expected mean 
difference (δ) of 4.4 in the Hospital Anxiety and Depression 
Scale–Anxiety (HADS–A) score between NOCAD patients 
and healthy controls, with a standard deviation (SD) (σ) of 
7.4, was used for the calculation.[15] The required sample 
size was 45 participants per group.

Patients with a history of congestive heart failure, 
cardiomyopathy, valvular heart disease, myocardial 
infarction, chronic kidney disease, previous revascularization 
procedures, or prior coronary angiography were excluded 
from the study. In addition, a control group consisting 
of participants without symptoms of angina and with no 
history of ischemic heart disease or serious conditions such 
as terminal illnesses, cancer, or liver disease, was recruited 
from among the staff, students, or next of kin of the patients. 
This group was interviewed to assess their eligibility for 
participation in the study.

This study received approval from the human research 
ethics committee at our institution with reference number: 
USM/JEPeM/18010077 and was conducted in accordance 
with the principles outlined in the Declaration of Helsinki. 
Participants were informed about the study’s purpose, 
procedures, possible risks, and benefits by a study 
representative. They were given time to ask questions, and 
consent was only taken once they showed understanding. 
Participation was voluntary, with the option to withdraw at 
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any time without consequence. Consent was documented 
through signed forms. This process ensured that participants 
provided informed and voluntary consent, with a clear 
understanding of the study procedures and requirements.

Demographic and medical history
Demographics and medical history of study participants 
were obtained from their medical records, interview session 
and physical examinations. For all subjects, the weight and 
height were measured using a digital weighing scale and 
a stadiometer, respectively. Systolic and diastolic blood 
pressure (DBP) were assessed using an automatic digital 
blood pressure monitor, following previously described 
methods.[16] In addition, cardiac risk factors, including 
gender, diabetes mellitus, hypertension, hyperlipidemia, 
family history of heart disease, and smoking history, were 
documented. These cardiac risk factors were defined as 
previously described.[17]

Coronary angiography
A coronary angiography procedure was conducted on 
symptomatic patients by an experienced cardiologist in 
our invasive cardiology laboratory. During the procedure, 
seven views of the left coronary artery and three views of the 
right coronary artery (RCA) were obtained for assessment. 
The percentage of vessel occlusion was determined 
using quantitative computed tomography coronary 
angiography, which employed an automated edge‑detection 
system (Azurion, Philips, Netherlands). Any lesions present 
in the RCA, left anterior descending artery  (LAD), left 
circumflex artery (LCx), and their respective branches were 
documented. Based on the existence of stenosis in the main 
arteries (RCA, LAD, and LCx), patients were categorized 
into obstructive or NOCAD groups. Patients were classified 
as OCAD if they had a luminal diameter reduction of 50% or 
more due to stenosis in any of the main arteries. In contrast, 
those without stenosis or with a luminal diameter reduction 
of <50% were classified as NOCAD.[18]

Psychological assessment
Psychological symptoms were assessed during the 
recruitment session using self‑reported questionnaires 
to screen for chronic and current levels of anxiety and 
depression among the study participants.

Anxiety and depression were assessed using the HADS. 
HADS is a brief questionnaire that was developed to assess 
chronic anxiety and depression, which commonly coexist in 
a general medical population of patients.[19,20] HADS assesses 
non‑physical symptoms, thus capable of diagnosing 
depression in individuals with major physical health issues. 
The questionnaire comprises seven questions each for 
anxiety and depression, with these questions interspersed 
within the questionnaire. Participants are required to 

immediately choose the answer that best describes how 
they have felt in the past week. The scores for anxiety and 
depression were counted separately. For both anxiety and 
depression scales, scores of 8–10 indicate mild levels, 11–14 
indicate moderate levels, and 15–21 indicate severe levels. 
Scores below 7 suggest non‑cases for both anxiety and 
depression, while scores of 8 and above indicate the case 
of anxiety or depression. The cutoff score of 8 or more has 
shown good specificity and sensitivity in classifying cases of 
anxiety and depression.[21] In this study, the Malay version 
of HADS was utilized. The validation of the local version 
has shown good sensitivity and specificity in identifying 
anxiety and depression within our population.[22]

Blood biomarkers
Blood samples from symptomatic patients were obtained 
by a nurse prior to the coronary angiography procedure, 
following standard pre‑procedural preparation. For control 
participants, a study nurse collected fasting blood samples 
in the morning after an overnight fast. Eligible control 
participants were contacted in advance and invited to attend 
the laboratory for blood sample collection. Peripheral blood 
samples were collected from the upper arm and allowed to 
clot at room temperature before undergoing centrifugation. 
The serum was then collected and stored at −80°C until 
analysis. Serum cortisol and dopamine levels were 
measured using 96‑well enzyme‑linked immunosorbent 
assay kits. The protocols were followed according to the 
manufacturers’ recommendations  (Elabscience, China). 
Absorbance was measured at a wavelength of 450  nm 
using the Multiplate Varioskan Flash  (Thermo Scientific, 
USA). A  standard curve was established for each assay, 
and the levels of cortisol and dopamine were determined 
using the SkanIt RE for Varioskan Flash software (Thermo 
Scientific, USA).

Statistical analysis
All data were analyzed using the IBM® SPSS® Statistics 
software version 28 (IBM Corporation, Armonk, New York, 
USA). Normally and non‑normally distributed numerical 
data were expressed as mean ± SD or median (interquartile 
range), respectively, while categorical data were presented 
as frequency and percentage. The distribution of the 
continuous variables was assessed for normality. One‑way 
ANOVA was applied to compare normally distributed 
continuous variables, while the Kruskal–Wallis H test was 
used for non‑normally distributed variables across the 
OCAD, NOCAD, and non-symptomatic control groups. 
Meanwhile, the Chi‑square test was used to compare 
categorical variables. Logistic regression analysis was 
done to determine whether the occurrence of NOCAD is 
associated with psychological factor score, and the model 
fitness was assessed using the receiver operating curve. 
A two‑tailed P < 0.05 was measured as significant.
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RESULTS

Demographic and medical history
A total of 124 subjects participated in this study. Forty‑three 
patients were categorized in the OCAD group, 41 patients in 
the NOCAD group, and 40 subjects in the non-symptomatic 
control group. Males constituted 54.8% of the total subjects, 
and the mean age was 51.80 ± 8.46 years old. Age, DBP, 
total cholesterol  (TC), triglyceride  (TG), low‑density 
lipoprotein‑cholesterol  (LDL‑C), and the incidence of 
diabetes, hypertension, and family history of heart 
disease were statistically different across all groups. These 
significantly different parameters were then assigned as 
potential cofounding factors in the comparative analysis 
of psychological assessment [Table 1].

Psychological assessment and blood biomarkers
In terms of psychological assessment, HADS–A and 
depression total score were significantly different across 
all groups. Post hoc analysis revealed HADS–A total score 
was significantly higher in OCAD and NOCAD groups 
than in the control group, while HADS depression total 
score was higher in the OCAD group as compared to the 
control group. The differences in HADS–A score between 
all groups remain significant after the adjustment of 
potential cofounding factors from the baseline characteristic 
analysis. For blood biomarkers, cortisol levels were higher 
in patients with OCAD as compared to the control group. 

No significant difference was seen in dopamine levels across 
all groups [Table 2].

The prevalence of anxiety and depression (HADS score ≥8) 
in the symptomatic patients  (NOCAD and OCAD) were 
26.2% and 25%, respectively. Comparison between the levels 
of HADS–A demonstrated a trend in the number of subjects 
with moderate‑to‑high scores in OCAD and NOCAD 
groups which indicated higher anxiety levels in these 
groups than the control groups. However, no significant 
changes were noted in the level of HADS depression score 
among all groups [Table 3]. Furthermore, HADS–A total 
score was significantly associated with the occurrence of 
NOCAD [Table 4], with the area under the receiver‑operator 
curves was 0.600 [Figure 1].

DISCUSSION

The current study demonstrated that patients with OCAD 
and NOCAD exhibited higher anxiety scores compared to 
non‑symptomatic control subjects. Interestingly, anxiety 
was significantly associated with NOCAD. In summary, 
our study highlights the relationship between psychological 
distress, particularly anxiety, and NOCAD. Furthermore, 
cortisol levels, which serve as stress biomarkers, were also 
higher in patients with OCAD than in the control group, 
underscoring the importance of addressing mental health 
in cardiovascular care.

Table 1: Baseline characteristics of study participants (n=124)
Parameters Control (n=40) NOCAD (n=41) OCAD (n=43) P
Age  (years) 49.85±7.68 51.07±9.22 54.30±7.96 0.044a

Gender, male/female,  (n/n) 21/19 17/24 30/13 0.031b

BMI  (kg/m2) 28.76±4.37 28.94±4.71 28.59±4.33 0.942
SBP  (mmHg) 125.89±16.32 124.94±17.96 125.85±18.03 0.954
DBP  (mmHg) 81.71±8.54 75.76±10.16 76.55±8.11 0.007a

FBG  (mmol/L) 4.75  (4.43–5.80) 5.36  (4.66–6.45) 6.28  (4.87–8.36) 0.028c

TC  (mmol/L) 5.72  (4.76–6.46) 3.76  (3.45–4.96) 4.24  (3.26–5.17) <0.001c

TG  (mmol/L) 1.72  (1.30–2.42) 1.04  (0.69–1.37) 1.05  (0.85–1.56) <0.001c

HDL‑C  (mmol/L) 1.28  (1.13–1.48) 1.23  (1.03–1.32) 1.21  (0.96–1.41) 0.346c

LDL‑C  (mmol/L) 3.31  (2.83–4.32) 2.12  (1.73–3.07) 2.32  (1.56–3.41) <0.001c

Diabetes 7  (17.5) 9  (22.0) 23  (53.5) 0.001b

Hypertension 11  (28.2) 25  (61.0) 29  (67.4) 0.001b

Hyperlipidemia 30  (75.0) 33  (79.1) 39  (90.7) 0.163b

Family history of heart diseases 4  (10.3) 18  (43.9) 16  (37.2) 0.002b

Smoking status 5  (12.8) 6  (14.6) 12  (27.9) 0.152b

Antidiabetics 5  (12.5) 8  (19.5) 15  (34.9) 0.009b

ACEI/ARB 6  (15.0) 27  (65.9) 24  (55.8) <0.001b

Beta blockers 2  (5.0) 20  (48.8) 20  (46.5) <0.001b

Calcium channel blockers 4  (10.0) 18  (43.9) 12  (27.9) 0.001b

Lipid‑lowering drugs 8 (20.0) 19 (46.3) 24 (55.8) <0.001b

aOne‑way ANOVA, bChi‑square test, cKruskal–Wallis H‑test. Levene’s test of homogeneity of variance, P>0.05 for all continuous parameters except for TG (P<0.05). Except 
for TG, the equality of variances assumption is met. Thus, the variance of the dependent variable is similar between groups. Data presented as mean±SD or median (IQR) for 
continuous variables and frequency (%) for categorical variables. ACEI=Angiotensin‑converting enzyme inhibitors; ARB=Angiotensin II receptor blockers; BMI=Body mass index; 
DBP=Diastolic blood pressure; FBG=Fasting blood glucose; HbA1c=Glycosylated hemoglobin; HDL‑C=High density lipoprotein‑cholesterol; HR=Heart rate; LDL‑C=Low density 
lipoprotein‑cholesterol; OCAD=Obstructive coronary artery disease; NOCAD=Non‑OCAD; SBP=Systolic blood pressure; TC=Total cholesterol; TG=Triglyceride; SD=Standard 
deviation; IQR=Interquartile range
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Control subjects showed higher levels of DBP, TC, TG, and 
LDL‑C compared to patients with OCAD and NOCAD. 
However, the DBP values in all groups remained within 
the normal range. This discrepancy may be attributed to 
undiagnosed cases among the control subjects, as they 
did not receive any interventions. In contrast, patients 
with OCAD and NOCAD were diagnosed and prescribed 
medications such as beta blockers, calcium channel 
blockers, and statins to manage their hypertension and 
hyperlipidemia. As a result, they exhibited lower levels of 
DBP, TC, TG, and LDL‑C compared to the control group. 
In addition, it was expected that patients with OCAD 
and NOCAD would have a higher incidence of diabetes, 
hypertension, and a family history of heart disease, as these 
factors are well‑known risk factors for cardiac disease.[17]

The current study found that patients with OCAD and 
NOCAD exhibited higher anxiety and depression scores 

compared to control subjects. The cutoff score of 8 was used 
to acknowledge the anxiety and depression cases. The use 
of a higher cutoff will reduce sensitivity but increase the 
specificity and positive predictive value. Meanwhile, using 
a lower cut‑off point increased sensitivity, allowing more 
true positives to be identified. However, this approach also 
resulted in a decrease in specificity and positive predictive 
value. Thus, it is important to use an optimal cutoff 
point that enhances both sensitivity and specificity when 
interpreting the findings. Nevertheless, the cutoff point of 
8/9 has been reported to be the best point for the detection 
of both anxiety and depression in our local population,[22] 
hence justifying the use of cutoff point of 8 in this study.

The prevalence of anxiety and depression (defined as HADS 
score  ≥8) among our patients was 26.2% for OCAD and 
25% for NOCAD. Similar to our findings, a previous study 
indicates that the prevalence of anxiety and depression 
among hospitalized patients with CAD ranges between 
25% and 51%.[23] In a cohort study of patients with CHD, 
elevated levels of anxiety and depression were detected 
in approximately 20% of the study population and were 
significantly associated with increased mortality.[24] In 
addition, a study among Europeans CHD patients found 
the prevalence of anxiety and depression varied from 
12%–63.7% to 8.2%–62.5%, respectively.[25] In relation to 
NOCAD, a study reported higher anxiety and depression 
scores as compared to the reference group of the general 
population.[26] Another study found that 27.9% of patients 

Table 4: Logistic regression analysis of psychological 
score and blood biomarkers in predicting 
non-obstructive coronary artery disease (n=124)
Parameters OR 95% CI P
HADS anxiety total score 1.213 1.029–1.429 0.021*
HADS depression total score 0.940 0.802–1.101 0.443
Cortisol  (ng/mL) 1.001 0.997–1.005 0.653
Dopamine (pg/mL) 1.001 1.000–1.002 0.052
*Significant association using logistic regression analysis. P=0.306, classification 
table=68.9%. Hosmer and Lemeshow test for multiple logistic. CI=Confidence 
interval; OR=Odds ratio; HADS=Hospital Anxiety and Depression Scale

Table 2: Psychological score and blood biomarkers comparison (n=124)
Parameters Control (n=40) NOCAD (n=41) OCAD (n=43) Test statistics 

(df)
P Bonferroni correction test (P)

OCAD 
versus 
control

NOCAD 
versus 
control

OCAD 
versus 
NOCAD

HADS anxiety total score 2.50  (0.00–6.00) 6.00  (3.00–8.00) 6.00  (3.75–8.25) 18.892  (2–124) <0.001* <0.001** 0.001** 1.000
HADS depression total 
score

3.00  (1.00–6.00) 5.00  (3.00–7.00) 6.00  (2.75–9.00) 8.110  (2–124) 0.017* 0.018** 0.127 1.000

Cortisol  (ng/mL) 144.85 
(107.25–184.80)

171.70 
(129.25–246.80)

174.30 
(139.90–227.90)

8.563  (2–124) 0.014* 0.016** 0.081 1.000

Dopamine (pg/mL) 1154.50 
(854.45–1562.75)

1148.50 
(735.18–1949.75)

1121.50 
(682.33–1733.75)

1.454 (2–123) 0.483 0.776 1.000 1.000

*Significant differences using Kruskal–Wallis H‑test, **Adjusted significant values using Bonferroni correction for multiple tests. Levene’s test of homogeneity of variance, P>0.05 
for all parameters except for dopamine (P<0.05). Except for dopamine, the equality of variances assumption is met. Thus, the variance of the dependent variable is similar between 
groups. Data presented as median (IQR). HADS=Hospital Anxiety and Depression Scale; OCAD=Obstructive coronary artery disease; NOCAD=Non‑OCAD, IQR=Interquartile range

Table 3: Level of Hospital Anxiety and Depression Scale anxiety and depression (n=124)
Parameters Control (n=40) NOCAD (n=41) OCAD (n=43) P
Anxiety

Low score/non-cases  (0–7) 38  (95.0) 30  (73.2) 32  (74.4) 0.052
Moderate score/moderate cases  (8–14) 2  (5.0) 11  (26.8) 10  (23.3)
High score/severe cases  (15–21) 0 0 1  (2.3)

Depression
Low score/non-cases  (0–7) 31  (77.5) 34  (82.9) 29  (67.4) 0.387
Moderate score/moderate cases  (8–14) 9  (22.5) 7  (17.1) 13  (30.2)
High score/severe cases (15–21) 0 0 1 (2.3)

Chi‑square test. Data presented as frequency (%). OCAD=Obstructive coronary artery disease; NOCAD=Non‑OCAD
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with NOCAD were recognized to have an anxiety 
disorder.[27] Our findings, along with these studies, 
demonstrate that anxiety and depression are common in 
patients with both OCAD and NOCAD.

Furthermore, our findings showed no significant difference 
in anxiety and depression scores between patients with 
OCAD and NOCAD. A previous study has demonstrated 
similar results, where anxiety and depression scores 
in female patients with OCAD and NOCAD were not 
differed.[28] It can be postulated that patients with NOCAD 
experience anxiety and depression levels comparable to 
those of patients with OCAD.

Our findings indicate that patients with OCAD have 
higher serum cortisol levels compared to non-symptomatic 
controls, suggesting elevated stress levels in these patients. 
Cortisol is released during certain stress conditions to 
help maintain homeostasis following the activation of 
the HPA axis, which supports its common use as a stress 
biomarker.[11] Previous study has shown that serum 
cortisol levels increase in patients with acute coronary 
syndrome  (ACS), associated with the progression of 
ischemia and myocardial injury. This, in turn, affects the 
clinical outcomes for ACS patients.[29] A review on mental 
stress and CAD highlights that stress has been extensively 
studied in relation to CVD. Numerous studies have 
demonstrated associations between stress measures and 
CVD risk factors, markers in CAD, and clinical outcomes. 
In addition, stress has been affiliated with atherosclerosis, 
increased left ventricular mass, and the calcification of 

the coronary artery. It has also been recognized as an 
acute trigger for adverse outcomes, including myocardial 
ischemia, malignant arrhythmia, infarction, and sudden 
cardiac death, in patients with CAD.[30]

In the context of NOCAD, a study involving female patients 
with symptomatic angina found that those diagnosed with 
NOCAD experienced greater myocardial ischemia due to 
mental stress compared to those without NOCAD.[31] In 
addition, a review focused on the relationship between 
mental stress and NOCAD emphasized the link between 
psychological stress and coronary vasomotor disorders, 
particularly for ischemic patients with NOCAD. The 
review also pointed out how psychological aspects such 
as chronic stress, anxiety, depression, and social stressors 
can significantly influence cardiovascular conditions, 
highlighting the bidirectional relationship between 
psychological stress and ischemic heart disease.[32] While 
these findings underscore the important role of stress 
in NOCAD, our study found no significant difference 
in stress levels, as indicated by cortisol levels, between 
patients with NOCAD and the control group. Moreover, 
the current study showed that cortisol levels did not differ 
significantly between patients with OCAD and those with 
NOCAD, suggesting that both groups experienced similar 
levels of stress.

However, our study observed no differences in dopamine 
levels across all participant groups. This discrepancy may 
be attributed to the intensity of stress experienced by the 
participants. Most participants scored low on the HADS, 
falling into the low or non-case categories, while fewer 
were in the moderate or severe categories. As a result, any 
noticeable changes in dopamine levels may not have been 
detectable in this study.

While patients with NOCAD often experience anxiety, 
it remains unclear whether anxiety contributes to the 
onset of NOCAD or if it arises as a result of the condition. 
Interestingly, in this study, based on the logistic regression 
analysis, we found that anxiety score is associated with 
NOCAD. However, this finding must be interpreted with 
caution due to the relatively small number of NOCAD 
cases, which increases the risk of overfitting and limits 
generalizability. The wide confidence intervals (1.029, 1.499) 
further reflect uncertainty in the estimates, underscoring 
the need for larger, adequately powered studies. In 
addition, the discriminatory ability of HADS–A was 
weak (AUC = 0.600), suggesting that anxiety scores alone 
are insufficient for reliable prediction of NOCAD. Clinically, 
these finding highlights that while anxiety may be 
associated with NOCAD, it should not be used in isolation 
for risk stratification or diagnostic decision‑making. Instead, 
psychosocial measures such as anxiety should be considered 

Figure 1: Receiver‑operator curves showing accuracy for Hospital Anxiety and 
Depression Scale anxiety total score to predict non-obstructive coronary artery 
disease in all study population. Area under the curve = 0.600
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as part of a broader, multidimensional assessment that 
integrates clinical, demographic, and lifestyle factors. Future 
research should explore composite models that combine 
psychological and biomedical predictors to improve 
accuracy and clinical utility.

Nevertheless, the role of anxiety in the development of 
NOCAD should not be overlooked. The mechanisms 
underlying the relationship between anxiety and NOCAD 
remain unclear. There is no definitive explanation for the 
association between anxiety and cardiac disease; however, 
several mechanisms have been proposed to be involved 
in this complex relationship, including health behavior, 
inflammation, and dysfunction of the endothelium, platelets, 
and autonomic nervous system.[33] Regarding endothelial 
dysfunction, anxiety has exhibited a notable association that 
may contribute to the development of cardiac disorders, 
including OCAD and NOCAD. In patients with CAD who 
also suffer from anxiety or depression, both flow‑mediated 
dilation and the capacity for endothelial progenitor 
cell‑mediated re‑reendothelialization were found to be 
lower compared to CAD patients without anxiety or 
depression, as well as healthy controls.[34] Anxiety has also 
been correlated with a low reactive hyperemia index.[35] 
In terms of NOCAD, a previous study demonstrated a 
significant association between anxiety and coronary 
endothelial dysfunction in female patients with NOCAD.[27] 
Therefore, endothelial dysfunction may be a key factor 
involved in the symptomatic mechanisms linking anxiety 
and NOCAD. Furthermore, previous research has shown 
impaired peripheral microvascular reactivity in patients 
with NOCAD.[16] This supports the hypothesis that 
anxiety may contribute to the symptoms observed in 
NOCAD patients through its association with endothelial 
dysfunction.

A case study reported that a rare instance of myocardial 
infarction with NOCAD in a patient who experienced 
acute chest pain following intense emotional stress 
due to grief. Despite classic symptoms of myocardial 
infarction, the coronary angiography revealed no arterial 
obstruction. This emphasizes that psychological distress can 
induce myocardial injury even in the absence of CAD.[36] 
Psychological distress may initiate the development of 
NOCAD, but it is also possible that this distress arises 
as a result of the condition. Patients experiencing angina 
symptoms, frequent hospitalizations, and rising healthcare 
costs may face increased psychological distress due to 
their NOCAD. Regardless of whether the distress occurs 
before or after the onset of NOCAD, studies show a clear 
association between the two. Currently, guidelines for 
managing NOCAD primarily focus on relieving symptoms 
and addressing CVD risk factors to prevent the progression 
of NOCAD to OCAD.[37] However, with growing evidence 

highlighting the impact of psychological distress on 
NOCAD, it may be time to incorporate strategies for 
managing this distress into the overall treatment plan for 
NOCAD.

There were understandable limitations in our study. We 
conducted only a single psychological assessment during 
the recruitment phase and did not perform any follow‑up 
assessments after the angiogram procedure or at later 
intervals. Conducting assessments both before and after 
the angiogram would have provided a broader perspective 
on the factors that may have influenced the psychological 
scores of these patients. Another limitation of this study 
is the small sample size, which may affect the reliability 
and generalizability of our findings. A limited sample size 
can reduce statistical power, increase the risk of Type  II 
errors (false negatives), decrease the precision of estimated 
effects, and poor generalizability which may not represent 
the larger population. Hence, caution should be exercised 
when applying these results to larger or more diverse 
populations. Further research with larger sample sizes 
is necessary to validate these findings and improve their 
external validity. Additionally, the use of convenience 
sampling may introduce selection bias since the control 
group may not be fully comparable to symptomatic patients 
in terms of demographic or health‑related factors. However, 
this approach was necessary to ensure feasibility and timely 
recruitment within the study setting. Meanwhile, the 
clinically important confounders such as age, sex, diabetes, 
hypertension, lipid profile, and medication use may have 
influenced the observed associations between anxiety 
score and NOCAD. Larger studies with sufficient power to 
incorporate these covariates are needed to further validate 
the current findings. While differences in demographic or 
health‑related factors between controls and symptomatic 
patients may affect comparability and its association, 
the findings remain informative and contribute valuable 
insights. Readers should interpret the results with caution, 
recognizing this limitation alongside the study’s overall 
findings.

CONCLUSION

In patients with NOCAD, the HADS–A score was 
significantly higher compared to non-symptomatic subjects. 
This indicates that patients with NOCAD experience 
considerable emotional distress. Moreover, the HADS–A 
score is associated with NOCAD. Therefore, addressing 
anxiety should be a key focus in the treatment and 
prevention strategies for these patients.

Ethics approval and consent to participate
This study was approved by the Human Research Ethics 
Committee of Universiti Sains Malaysia (Approval number: 



Sanip, et al.: Anxiety and NOCAD

Journal of Research in Medical Sciences| 2026 | 8

USM/JEPeM/8010077). All methods were performed in 
accordance with the relevant guidelines and regulations. 
All participants signed a written informed consent form 
approved by the Ethics Committee.

Acknowledgments
We thank Universiti Sains Malaysia for funding this study.

Financial support and sponsorship
This work was supported by a Universiti Sains Malaysia, 
Short-Term Grant with Project Number: 304/PPSP/6315636.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Rahman  H, Corcoran  D, Aetesam‑Ur‑Rahman  M, Hoole  SP, 
Berry  C, Perera  D. Diagnosis of patients with angina and 
non‑obstructive coronary disease in the catheter laboratory. Heart 
2019;105:1536‑42.

2.	 Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, Maas AH, 
et  al. An EAPCI expert consensus document on ischaemia 
with non‑obstructive coronary arteries in collaboration with 
European Society of Cardiology working group on coronary 
pathophysiology & microcirculation endorsed by coronary 
vasomotor disorders international study group. Eur Heart J 
2020;41:3504‑20.

3.	 Jespersen L, Hvelplund A, Abildstrøm SZ, Pedersen F, Galatius S, 
Madsen  JK, et  al. Stable angina pectoris with no obstructive 
coronary artery disease is associated with increased risks of major 
adverse cardiovascular events. Eur Heart J 2012;33:734‑44.

4.	 Jespersen L, Abildstrom SZ, Hvelplund A, Madsen JK, Galatius S, 
Pedersen  F, et  al. Burden of hospital admission and repeat 
angiography in angina pectoris patients with and without 
coronary artery disease: A registry‑based cohort study. PLoS One 
2014;9:e93170.

5.	 Celano  CM, Millstein  RA, Bedoya  CA, Healy  BC, Roest AM, 
Huffman  JC. Association between anxiety and mortality in 
patients with coronary artery disease: A meta‑analysis. Am Heart 
J 2015;170:1105‑15.

6.	 Lu  Y, Jiang  Y, Gu  L. Using path analysis to investigate the 
relationships between depression, anxiety, and health‑related 
quality of life among patients with coronary artery disease. Qual 
Life Res 2019;28:2695‑704.

7.	 Ekici B, Ercan EA, Cehreli S, Töre HF. The effect of emotional status 
and health‑related quality of life on the severity of coronary artery 
disease. Kardiol Pol 2014;72:617‑23.

8.	 Roest AM, Martens EJ, de Jonge P, Denollet J. Anxiety and risk of 
incident coronary heart disease: A meta‑analysis. J Am Coll Cardiol 
2010;56:38‑46.

9.	 Carney RM, Freedland KE. Depression and coronary heart disease. 
Nat Rev Cardiol 2017;14:145‑55.

10.	 Frasure‑Smith  N, Lespérance F. Depression and anxiety as 
predictors of 2‑year cardiac events in patients with stable coronary 
artery disease. Arch Gen Psychiatry 2008;65:62‑71.

11.	 Kivimäki M, Steptoe A. Effects of stress on the development 
and progression of cardiovascular disease. Nat Rev Cardiol 
2018;15:215‑29.

12.	 Pruessner JC, Champagne F, Meaney MJ, Dagher A. Dopamine 
release in response to a psychological stress in humans 

and its relationship to early life maternal care: A  positron 
emission tomography study using  [11C] raclopride. J Neurosci 
2004;24:2825‑31.

13.	 Baik  JH. Stress and the dopaminergic reward system. Exp Mol 
Med 2020;52:1879‑90.

14.	 Pilz S, Theiler‑Schwetz V, Trummer C, Keppel MH, Grübler MR, 
Verheyen N, et al. Associations of serum cortisol with cardiovascular 
risk and mortality in patients referred to coronary angiography. 
J Endocr Soc 2021;5:bvab017.

15.	 Daniel M, Agewall S, Berglund F, Caidahl K, Collste O, Ekenbäck C, 
et al. Prevalence of anxiety and depression symptoms in patients 
with myocardial infarction with non‑obstructive coronary arteries. 
Am J Med 2018;131:1118‑24.

16.	 Sanip Z, Pahimi N, Bokti NA, Yusof Z, Mohamed MS, W Isa WY, 
et  al. Impaired peripheral microvascular reactivity in patients 
with nonobstructive coronary artery disease. Microcirculation 
2023;30:e12807.

17.	 Jambrik  Z, Venneri  L, Varga A, Rigo  F, Borges A, Picano  E. 
Peripheral vascular endothelial function testing for the diagnosis 
of coronary artery disease. Am Heart J 2004;148:684‑9.

18.	 Pizzi C, Xhyheri B, Costa GM, Faustino M, Flacco ME, Gualano MR, 
et al. Nonobstructive versus obstructive coronary artery disease 
in acute coronary syndrome: A meta‑analysis. J Am Heart Assoc 
2016;5:e004185.

19.	 Mcmanus S, Meltzer H, Brugha T, Bebbington P, Jenkins R. Adult 
Psychiatric Morbidity in England, 2007: Results of a Household 
Survey. Leeds, UK: Health and Social Care Information Centre; 
2009. [doi: 10.13140/2.1.1563.5205].

20.	 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. 
Acta Psychiatr Scand 1983;67:361‑70.

21.	 Bjelland  I, Dahl AA, Haug  TT, Neckelmann D. The validity of 
the hospital anxiety and depression scale. J  Psychosom Res 
2002;52:69‑77.

22.	 Yahya F, Othman Z. Validation of the Malay version of hospital 
anxiety and depression scale (HADS) in hospital Universiti Sains 
Malaysia. Int Med J 2015;22:80‑2.

23.	 Askin L, Uzel KE, Tanrıverdi O, Kavalcı V, Yavcin O, Turkmen S. 
The relationship between coronary artery disease and depression 
and anxiety scores. North Clin Istanb 2020;7:523‑6.

24.	 Watkins LL, Koch GG, Sherwood A, Blumenthal JA, Davidson JR, 
O’Connor  C, et  al. Association of anxiety and depression with 
all‑cause mortality in individuals with coronary heart disease. 
J Am Heart Assoc 2013;2:e000068.

25.	 Pająk A, Jankowski  P, Kotseva  K, Heidrich  J, de Smedt  D, 
De Bacquer D, et al. Depression, anxiety, and risk factor control 
in patients after hospitalization for coronary heart disease: The 
EUROASPIRE III study. Eur J Prev Cardiol 2013;20:331‑40.

26.	 Mommersteeg  PM, Arts  L, Zijlstra  W, Widdershoven  JW, 
Aarnoudse W, Denollet J. Impaired health status, psychological 
distress, and personality in women and men with nonobstructive 
coronary artery disease: Sex and gender differences: The TWIST 
(Tweesteden mild stenosis) study. Circ Cardiovasc Qual Outcomes 
2017;10:e003387.

27.	 Sara  JD, Ahmad  A, Toya  T, Suarez Pardo  L, Lerman  LO, 
Lerman A. Anxiety disorders are associated with coronary 
endothelial dysfunction in women with chest pain and 
nonobstructive coronary artery disease. J Am Heart Assoc 
2021;10:e021722.

28.	 van Schalkwijk  DL, Widdershoven  J, Magro  M, Smaardijk  V, 
Bekendam  M, Vermeltfoort  I, et  al. Clinical and psychological 
characteristics of patients with ischemia and non‑obstructive 
coronary arteries (INOCA) and obstructive coronary artery disease. 
Am Heart J Plus 2023;27:100282.

29.	 Aladio JM, Costa D, Matsudo M, Pérez de la Hoz A, González 



Sanip, et al.: Anxiety and NOCAD

Journal of Research in Medical Sciences | 2026 |9

D, Brignoli A, et  al. Cortisol‑mediated stress response and 
mortality in acute coronary syndrome. Curr Probl Cardiol 
2021;46:100623.

30.	 Holmes  SD, Krantz  DS, Rogers  H, Gottdiener  J, Contrada  RJ. 
Mental stress and coronary artery disease: A  multidisciplinary 
guide. Prog Cardiovasc Dis 2006;49:106‑22.

31.	 Ma H, Jiang W, Guo L, Yin H, Wang H, Liu Y, et al. Mental stress 
testing in women with angina and no obstructive coronary artery 
disease. J Am Coll Cardiol 2023;81:2210‑1.

32.	 van der Meer RE, Maas AH. The role of mental stress in ischaemia 
with no obstructive coronary artery disease and coronary 
vasomotor disorders. Eur Cardiol 2021;16:e37.

33.	 Celano CM, Daunis DJ, Lokko HN, Campbell KA, Huffman JC. 
Anxiety disorders and cardiovascular disease. Curr Psychiatry 
Rep 2016;18:101.

34.	 Sun  J, Zhou  M, Guanghui  LV, Wenling  LI, Liu  Y, Liang  J, 
e t   a l .  Xinkeshu improves  endothel ia l  funct ion and 
augments reendothelialization capacity in coronary artery 
disease with anxiety/depression. Oxid Med Cell Longev 
2021;2021:5561272.

35.	 Ruthmann F, Guerouaou N, Vasseur F, Migaud MC, Deplanque D, 
Gottrand  F, et  al. Are anxiety and depression associated with 
cognition and cardiovascular function in young male and female 
adults? PLoS One 2023;18:e0292246.

36.	 Zoofaghari  S, Nikaen  F, Bahramsari  S, Hashemzadeh  M, 
Dorooshi  G. Myocardial infarction without coronary artery 
occlusion following mental stress. J Res Med Sci 2021;26:12.

37.	 Pepine CJ, Ferdinand KC, Shaw LJ, Light‑McGroary KA, Shah RU, 
Gulati  M, et  al. Emergence of nonobstructive coronary artery 
disease. J Am Coll Cardiol 2015;66:1918‑33.


