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Introduction

Major depressive disorder (MDD) is a heterogeneous, ener-
vating psychiatric illness that persists for at least 2 weeks 
accompanied by depressed mood, loss of interest, and dimin-
ished thoughts in daily activities.1,2 The emergence of five or 
more symptoms mentioned in the Diagnostic and Statistical 
Manual of Mental Disorders (5th ed.; DSM-5) during the 
same 2 weeks is a salient feature in the diagnosis of MDD.2 
Although the duration of these features may surprisingly fluc-
tuate between weeks to even years.3 Globally, 4.4% of the 
total population is suffering from depressive disorders.4 MDD 
is predicted to become the leading cause of disability world-
wide by 2030.5 Also, it has increased the risk of developing 

psychosocial and psychophysical disability along with the 
obesity, type 2 diabetes mellitus, cardiac disease, autoim-
mune diseases, neurodegenerative disorders, cancer, and 
intestinal disorders.6–10 Unfortunately, MDD patient has 
20-fold greater tendency to suicide than others, and it is esti-
mated about 50% of the 800,000 suicides per year across the 
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world.11,12 In Bangladesh, the prevalence of psychiatric ill-
ness is about 16.05% among the adult population of which 
28.7% suffer from MDD.13

To understand the exact pathophysiology of MDD, several 
hypotheses have been formulated including alterations in mon-
oaminergic neurotransmission, imbalance of excitatory and 
inhibitory signaling in the brain, hyperactivity of the hypotha-
lamic–pituitary–adrenal (HPA) axis, inflammation, and abnor-
malities in normal neurogenesis.14–18 The inflammatory 
hypothesis of depression suggested that hyperactivation in the 
immune system and uncontrolled cytokine production is 
involved in the pathogenesis of depression.19 Cytokines are cell 
signal–transducing proteins or polypeptides that produce and 
regulate immune responses and inflammation.20,21 They can 
cross the blood–brain barrier,22 thereby developing many 
aspects of MDD pathophysiology including neurotransmitter 
metabolism, neuroendocrine function, and neural plasticity.23 
MDD is accompanied by significant alterations in cell-medi-
ated inflammatory and immune responses, and these changes 
may be associated with the pathophysiology or pathogenesis of 
the illness, yet the data showed inconsistent outcomes in many 
recent studies.24–27 The pro-inflammatory cytokines have 
played a crucial role in the pathophysiology of psychiatric ill-
nesses such as MDD.23 Pro-inflammatory cytokines and neuro-
inflammation are very important in producing inflammatory 
responses as well as in neurogenesis and neuroprotection. 
Persistent stress and subsequent secretion of pro-inflammatory 
cytokines lead to chronic inflammation that contributes to 
developing depression.28

IFN-γ is a pleiotropic soluble pro-inflammatory cytokine 
produced by immune cells such as lymphocytes, cytotoxic 
lymphocytes, B cells, and antigen-presenting cells which 
orchestrates cellular programs via transcriptional and trans-
lational gene control mechanisms.29,30 IFN-γ is one of the 
major effectors of both innate and adaptive immune systems 
that have recently been postulated to play a crucial role in 
the pathophysiology of depression.31 Pro-inflammatory 
cytokine IFN-γ is mainly produced by natural killer (NK) 
cells and CD4+ T cells, but macrophages have also been 
revealed to secrete IFN-γ; the cellular source of IFN-γ in 
that study remains to be elucidated.32 The imbalance 
between serum IFN-γ levels in MDD patients and healthy 
controls (HCs) can be explained by several mechanisms of 
psychoneuroimmunology. Maes and colleagues14,33 first 
showed that activation of the inflammatory response system 
(IRS) in depression leading to HPA hyperactivity, indicating 
that pro-inflammatory cytokines induce HPA hyperactivity 
in depression. It has been demonstrated that patients with 
depression show hyperactivity of the HPA and a subsequent 
increase in cortisol, which in turn alters the production of 
cytokines.34–37 Accordingly, cytokines and monocytes can 
cross the blood–brain barrier, influencing behavior.38,39 All 
these findings recommend that there may be a neuro–
immuno–endocrinological interaction, and hence, whatever 
disturbance in this interaction could be related to the psychi-
atric symptoms directly or indirectly.40 There is evidence 

that depression will affect the defensive mechanisms of the 
immune system by activating or interacting with cytokines.41

Despite extensive investigations, yet the pathophysiology 
of MDD is not clearly known. At present, the diagnosis of 
MDD mainly depends on patients’ self-report, clinical exam-
ination, and subjective evaluation of depressive symptoms. 
There are no established quantitative laboratory measure-
ments are available to identify MDD. Based on the available 
evidence, the exploration of biological markers will be sup-
portive in diagnosing, suggesting treatment, and in the man-
agement of MDD.42 Thus, this study aimed to observe the 
association between peripheral IFN-γ levels and major 
depression among the Bangladeshi population.

Methods

Study population

It was assumed the percentage exposed among controls and 
alpha risk will be 10% and 5%, respectively. This 1:1 
matched case-control study intended to detect minimum 
odds ratio 2 with power 90%. Based on the above estima-
tions, the theoretical sample size was 252 (126 cases and 126 
controls).43 Therefore, this prospective case-control study 
recruited 120 MDD patients from the Department of 
Psychiatry, Dhaka Medical College and Hospital, Dhaka, 
Bangladesh. One hundred HCs were also enrolled from dif-
ferent areas of Dhaka city matched by age, sex, and body 
mass index (BMI). A qualified psychiatrist who is trained in 
the use of DSM-5 conducted the diagnosis of MDD patients 
and the evaluation of HCs. The duration of sample collection 
was 6 months from 10 August 2019 to 10 February 2020. The 
Hamilton depression (Ham-D) rating scale was used to quan-
tify the severity of depression. Drug-naïve MDD patients 
with age range 18–60 years and BMI within 16–34 kg/m2 
having a Ham-D score ⩾7 were included in this investiga-
tion. All the participants were carefully examined to observe 
any the previous history of illness, performed clinical tests 
for the complete evaluation, and evaluated the similar symp-
toms for differential diagnosis.44 Subjects with acute infec-
tions, neurological or immunological disorders, substance 
abuse, bipolar depression, panic disorder, and other comor-
bid psychiatric illnesses were excluded from this study. A 
structured questionnaire was developed to record the soci-
odemographic profiles of the study participants. Before data 
collection, a pilot test among 20 MDD patients was con-
ducted, and finally, this pilot samples were excluded from 
the study. We used this questionnaire only in this study as a 
pilot (see the Supplemental Material).

Sample collection and storage

5 mL of the blood sample was withdrawn from the cephalic 
vein of each participant using a plastic syringe built-in with 
a stainless steel needle. The collected blood samples were 
kept in a falcon tube and allowed to clot at room temperature 



Daria et al.	 3

for an hour. The clotted samples were centrifuged to extract 
serum samples at 3000 r/min for 15 min. The serum samples 
were carefully separated from blood samples and stored at 
−80°C until further analysis.

Measurements of serum IFN-γ levels

The serum samples were analyzed for IFN-γ levels using a 
commercially available enzyme-linked immunosorbent 
assay (ELISA) kit (Boster Biological Technology, Pleasanton, 
CA, USA; Catalog no. EK0373) according to the manufac-
turer’s instructions. Each well in micro-plates was coated 
with antibodies directed toward an antigenic site of an IFN-γ 
molecule. The standard calibration curve of IFN-γ was con-
structed using different standard concentrations (15.63, 
31.25, 62.50, 125, 250, 500, and 1000 pg/mL). The concen-
trations of serum IFN-γ were expressed as pg/mL, and the 
sensitivity of this assay was <2 pg/mL. All assays were car-
ried out by the same persons to avoid inter-assay variations. 
The investigators who performed the assays were blind to 
the clinical data of the samples.

Statistical analysis

All the statistical analyses were performed using statistical 
package for social sciences (SPSS) software, version 25.0 
(IBM Corp., Armonk, NY, USA). We performed an inde-
pendent sample t-test for non-categorical variables and 
Fisher’s exact test for categorical variables to find the group 
variances. Pearson’s correlation test was applied to find out 
the correlation between serum IFN-γ levels and Ham-D 
scores in MDD patients. Changes of serum IFN-γ levels 
between the MDD patients and HCs were presented by the 
Box plot graphs. A scatter plot graph was used to illustrate 
the correlation between serum IFN-γ levels and Ham-D 
scores in MDD patients. We presented data as mean val-
ues ± standard error of mean (SEM). Finally, receiver oper-
ating characteristic (ROC) curve analysis was performed to 
evaluate the diagnostic performance of the target cytokine 
and its accuracy to distinguish MDD patients and HCs.

Results

Study population and demographic data

The study population were classified according to their bio-
physical and sociodemographic characteristics. The demo-
graphic data of the study population are presented in Table 1. 
It was observed that patients with MDD and their correspond-
ing HCs were similar in terms of age (patients: 32.19 ± 0.88; 
controls: 33.20 ± 0.89), BMI (patients: 25.28 ± 0.47; con-
trols: 24.58 ± 0.35), sex (female/male: 67/53; female/male: 
55/45 patients and controls, respectively), and smoking his-
tory (patients/controls: 77%/76%). Females constituted a 
higher percentage in both groups (56% and 55%, respec-
tively). We found the BMI values were in the normal range 

for 52% of patients and 57% of HCs. Most of the MDD 
patients were literate (87.5%), non-smoker (77%), and low 
economic status (60%). People living in rural areas (58%) 
had a greater tendency to develop major depression compared 
to urban people.

Comparison of serum IFN-γ levels among the 
study population

The mean serum concentrations of IFN-γ were 3.85 ±  
0.31 pg/mL for MDD patients and 8.95 ± 1.07 pg/mL for 
HCs (Figure 1). A significant decrease in serum IFN-γ lev-
els was observed in MDD patients compared to HCs. For 
sex-specific comparison, females with depression or with-
out depression showed lower serum IFN-γ levels compared 
to males among the study population. Moreover, signifi-
cantly lower levels of serum IFN-γ were noticed in both 
male (4.22 ± 0.55) and female (3.60 ± 0.38) of MDD 
patients when compared with male (10.75 ± 1.61) and 
female (7.49 ± 1.45) in HCs, respectively (Table 2).

Correlation between various research parameters 
of study participants

Spearman’s correlation test was performed to find the rela-
tionship between serum IFN-γ levels and Ham-D scores. A 
significant negative correlation was obtained between serum 
IFN-γ levels and Ham-D scores in MDD patients (r = −0.375, 
p < 0.001). We observed no significant associations between 
reduced serum IFN-γ levels with the sociodemographic pro-
file of MDD patients (p > 0.05). A scatter plot graph shows 
that individuals with greater Ham-D scores and lower serum 
IFN-γ levels are mostly females (Figure 2).

Diagnostic performance evaluation of serum IFN-
γ levels in MDD

The ROC curve of IFN-γ was plotted and the cut-off point 
for the diagnostic measure was determined as 1.49 pg/mL 
(Figure 3). The area under the ROC curve (AUC) was 0.790 
which was significant (p < 0.05). Lower values were 
assigned as the disease condition. ROC analysis revealed 
that the sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) were 83.3%, 
80.8%, 75.2%, and 76.4%, respectively.

Discussion

Numerous investigations especially on pro-inflammatory 
markers have been carried out over the last few years to 
establish an association between these markers and depres-
sion. Some pro-inflammatory cytokines have shown their 
role in the pathophysiology of depression but many studies 
reported inconsistent findings.44,45 Cytokine profiling in 
MDD patients is the most common measurement of immune 
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biomarkers, and they are used to assess the treatment 
responses.46–49 In the current investigation, we found signifi-
cantly decreased levels of serum IFN-γ in MDD patients 
compared to HCs. We also observed that the reduced levels of 
serum IFN-γ are negatively associated with the severity of 
depression. This decreased serum IFN-γ levels may contrib-
ute to activating the immune response in major depression. 
This study’s findings of altered serum IFN-γ levels in MDD 
patients can be explained by several psychoneuroimmunol-
ogy mechanisms. Maes et al.14,33 first showed that activation 

of the IRS in depression leading to HPA hyperactivity, indi-
cating that pro-inflammatory cytokines induce HPA hyperac-
tivity in depression. Also, cytokine stimulation activates 
NF-κB; the signal transducer and activator of transcription 
(STAT) protein family of transcription factors is activated by 
cytokine receptor signaling to keep a balance between M1 
and M2 macrophage activation. IFN-γ is produced by Th1 
cells, binding with the type II IFN receptor to stimulate the 
Stat1 activation. Stat1 and NF-κB then combine to induce M1 
macrophage activation.50,51 Alternatively, interleukin (IL)-4 

Table 1.  Sociodemographic characteristics of the study population.

Characteristics MDD patients 
(n = 120) Mean ± SEM

Healthy controls 
(n = 100) Mean ± SEM

p-value

Age in years 32.19 ± 0.88 33.20 ± 0.89 0.426
  18–24 29 (24%) 9 (9%)  
  25–34 44 (37%) 49 (49%)  
  35–44 32 (27%) 25 (25%)  
  45–60 15 (12%) 17 (17%)  
Sex 0.572
  Male 53 (44%) 45 (45%)  
  Female 67 (56%) 55 (55%)  
Marital status 0.967
  Married 72 (60%) 60 (60%)  
  Unmarried 48 (40%) 40 (40%)  
BMI (kg/m2) 25.28 ± 0.47 24.58 ± 0.35 0.244
  Below 18.5 (CED) 6 (5%) 2 (2%)  
  18.5–25 (normal) 62 (52%) 57 (57%)  
  Above 25 (obese) 52 (43%) 41 (41%)  
Education level 0.092
  Illiterate 15 (12.5%) 8 (8%)  
  Primary level 23 (19.2%) 3 (3%)  
  Secondary level 57 (47.5%) 50 (50%)  
  Graduate and above 25 (20.8%) 39 (39%)  
Monthly income (KBDT) 67.39 ± 3.02 79.62 ± 4.54 0.143
  Below 30 6 (5%) 19 (19%)  
  30–60 53 (44%) 32 (32%)  
  61–90 39 (33%) 25 (25%)  
  Above 90 22 (18%) 24 (24%)  
Occupation 0.146
  Service 15 (12%) 13 (13%)  
  Business 4 (4%) 19 (19%)  
  Student 4 (4%) 2 (2%)  
  Jobless 14 (11%) 21 (21%)  
  Others 83 (69%) 45 (45%)  
Economic status 0.107
  Low 73 (60%) 59 (59%)  
  Medium 33 (28%) 28 (28%)  
  High 14 (12%) 13 (13%)  
Tobacco user 0.643
  Yes 28 (23%) 24 (24%)  
  No 92 (77%) 76 (76%)  
Area of residence 0.653
  Rural 70 (58%) 70 (70%)  
  Urban 50 (42%) 30 (30%)  

BMI: body mass index; CED: chronic energy deficiency; KBDT: kilo Bangladeshi taka; MDD: major depressive disorder; SEM: standard error mean.
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and IL-13 produced by the Th2 cytokines stimulate Stat6 
activation that exerts the M2-related gene expression, and the 
anti-inflammatory cytokine IL-10 is synthesized by M2 mac-
rophages that stimulates Stat3 activation and inhibits the 
M1-related gene activation. Thus, pro-inflammatory cytokine 
IFN-γ has been implicated in the development of MDD.50,52

The results of this study are consistent with several past 
studies where serum IFN-γ level was found significantly 
lower in depression.53–55 Pallavi et  al.55 observed lowered 
level of IFN-γ in MDD patients compared to HCs. Moreover, 
we found significantly lower levels of IFN-γ in both female 
and male MDD patients compared to female and male HCs, 
respectively. A recent meta-analysis by Köhler et  al.54 
extracted the data of IFN-γ from 17 investigations and 
obtained reduced levels of serum IFN-γ in MDD patients 
compared to HCs. Another review by Himmerich et  al.55 
reported the reduced IFN-γ levels in patients with MDD com-
pared to HCs which is consistent with this study.

In addition, we conducted an ROC curve analysis to deter-
mine the diagnostic performance of reduced serum IFN-γ lev-
els in MDD patients compared with HCs. Accuracy of a 
marker evaluated by the AUC in ROC analysis is as follows: 
0.90–1.0 = excellent, 0.80–0.90 = good, 0.70–0.80 = fair, and 

0.60–0.70 = poor and less than 0.6 = not useful.56 We observed 
a noteworthy finding from this analysis where the AUC was 
0.790 which was considered significant as p < 0.05, lower 
values were assigned as the disease condition. According to 
the ROC analysis, the sensitivity, specificity, PPV, and NPV 
were 83.3%, 80.8%, 75.2%, and 76.4%, respectively, for the 
reduced serum IFN-γ levels in depression.

Although the current investigation sought to be compre-
hensive, there were some limitations to be considered. The 
main limitation was the single measurement of serum IFN-γ 
in MDD patients may not be able to explore the whole 
inflammatory process in the central nervous system. This 
was a case-control study that itself is a limitation. We did not 
consider the effect of the food habits of the study participant 
in our study parameter. The better-clarified result would be 
found if we could evaluate the multiple pro-inflammatory 
cytokines in a longitudinal study among a more homogene-
ous study population by strictly controlling the confounding 
factors. Despite having the above limitations, this study has 
some substantial advantages. To the best of our knowledge, 
this is the first-ever study carried out in Bangladesh with 
such a large sample where age and sex were strictly matched 
for cases and controls. Furthermore, this study enrolled 
MDD patients from a leading tertiary care teaching hospital, 
so homogeneity and diversification were obtained for this 
study. Also, this study performed a gender-specific investi-
gation of serum cytokine levels. Finally, we simultaneously 
investigated the serum IFN-γ levels in both MDD patients 
and HCs under the same experimental settings.

Conclusion

This study suggests that the depleted levels of IFN-γ are 
involved in the pathophysiology of depression. Thus, the 
reduced serum levels of IFN-γ might be served as an early 
risk assessment marker for MDD. The decreased serum lev-
els, the correlation with the severity of the disease, and the 
diagnostic value support IFN-γ as a promising marker, but 
still, some controversial factors understanding the actual 
pathophysiology of depression. Therefore, further studies 
are recommended with a large and more homogeneous study 
population to explore the exact role of IFN-γ in the patho-
physiology of depression.

Figure 1.  Variations of serum interferon-gamma (IFN-γ) among 
the study population. A significant difference between patient and 
control groups at a 95% confidence interval (CI).

Table 2.  Clinical information and laboratory findings of the study population.

Parameters MDD patients 
(n = 120) Mean ± SEM

Healthy controls 
(n = 100) Mean ± SEM

p-value

Ham-D score 17.02 ± 0.32 3.50 ± 0.24 <0.001
Serum INF-γ level (pg/mL) 3.85 ± 0.31 8.95 ± 1.07 <0.001
INF-γ in male (pg/mL) 4.22 ± 0.55 10.75 ± 1.61 <0.001
INF-γ in female (pg/mL) 3.60 ± 0.38 7.49 ± 1.45 <0.001

Ham-D: 17-item Hamilton depression rating scale; INF-γ: interferon-gamma; KBDT: kilo Bangladeshi taka; MDD: major depressive disorder; SEM: stan-
dard error mean.
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