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Abstract
Background Generalized anxiety disorder (GAD) is a devastating mental health condition characterized by constant, 
uncontrolled worrying. Recent hypotheses indicate that pro-inflammatory cytokines and chemokines are potential 
contributors to the pathogenesis of GAD. Here, we aimed to assess the role of interleukin-2 (IL-2) and interleukin-10 
(IL-10) in the pathophysiology and development of GAD.

Methods This study recruited 50 GAD patients diagnosed according to the DSM-5 criteria and 38 age-sex-matched 
healthy controls (HCs). A qualified psychiatrist evaluated all study subjects. The socio-demographic and clinical 
characteristics of the study population were determined using pre-structured questionnaires or interviews, and 
cytokine serum levels were estimated using commercially available ELISA kits.

Results We observed reduced serum IL-10 levels in GAD patients compared to HCs (33.69 ± 1.37 pg/ml vs. 
44.12 ± 3.16 pg/ml). Also, we observed a significant negative correlation between altered IL-10 levels and GAD-7 
scores (r=-0.315, p = 0.039). Moreover, IL-10 serum measurement exhibited good predictive value in receiver operating 
characteristics (ROC) analysis with an area under the curve (AUC) value of 0.793 (p < 0.001) with 80.65% sensitivity and 
62.79% specificity at a cutoff value of 33.93 pg/ml. Conversely, we noticed elevated serum IL-2 levels in GAD patients 
than in HCs (14.81 ± 2.88 pg/ml vs. 8.08 ± 1.1 pg/ml); however, it failed to maintain any significant association with 
GAD-7 scores, implying that IL-2 might not be involved in GAD pathogenesis. The lower AUC value (0.640; p > 0.05) 
exhibited by IL-2 serum measurement in ROC analysis further supported that IL-2 might not be associated with GAD.

Conclusion This study provides new insights into the complex interplay between anti-inflammatory cytokines and 
GAD pathogenesis. Based on the present findings, we can assume that IL-10 but not IL-2 may be associated with the 

Association of interleukin-2 and interleukin-10 
with the pathophysiology and development 
of generalized anxiety disorder: a case-control 
study
Nisat Sarmin1†, A. S. M. Roknuzzaman2†, Rapty Sarker1†, Mamun -or-Rashid1, MMA Shalahuddin Qusar3,  
Sitesh Chandra Bachar4, Eva Rahman Kabir5, Md. Rabiul Islam5* and Zobaer Al Mahmud1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-024-05911-z&domain=pdf&date_stamp=2024-6-19


Page 2 of 12Sarmin et al. BMC Psychiatry          (2024) 24:462 

Background
Generalized anxiety disorder (GAD) is a chronic neu-
ropsychiatric disorder characterized by persistent and 
excessive uncontrollable fear or worry (occurs for at least 
6 months) about various aspects/activities of daily life, 
affecting the educational, occupational, or social lives 
of the affected people [1]. If a person is excessively wor-
ried about anything for most days over at least 6 months, 
he/she is considered to have GAD. Though currently the 
prevalence rate of GAD is 3–6% worldwide [1–3], the 
prevalence is increasing day by day due to the complex-
ity of modern lifestyles and thus warrants attention from 
national and international authorities to take interven-
tions for mitigating and managing this disorder properly. 
If it remains undiagnosed or untreated, the uncontrolla-
ble and persistently intense anxiety can lead to a marked 
reduction in cognitive functions or a reduced capacity 
to work properly in all spheres of life, including educa-
tional, family, social, and individual routine work. As 
such, chronic GAD leads to a reduced quality of life 
and thereby poses a significant mental health concern 
globally.

Despite its high prevalence, significant morbidity, and 
socioeconomic burden, GAD remains poorly character-
ized in terms of its pathophysiology or effective treat-
ment options. Though the precise cause and mechanism 
of pathogenesis are still unknown, evidence suggests 
that multiple factors, including disrupted serotonergic, 
dopaminergic, and GABAergic neurotransmission and 
excessive glutamatergic neurotransmission in the brain, 
genetic factors, family or environmental stress, chronic 
diseases, hyperthyroidism, childhood trauma, and spe-
cial personality traits, are linked to GAD. Alterations in 
monoaminergic neurotransmissions in limbic systems 
(cingulate gyrus, hippocampus, amygdala, thalamus, 
and hypothalamus) due to the lower synaptic avail-
ability of serotonin, norepinephrine, and dopamine are 
thought to be associated with anxiety symptoms. Besides, 
decreased GABA-mediated inhibitory neurotransmis-
sion in the amygdala or excessive activation of excitatory 
glutamatergic neurotransmission are also suggested to be 
involved in GAD pathology.

Currently, available pharmacotherapies for GAD 
include selective serotonin reuptake inhibitors (SSRIs), 
serotonin and norepinephrine reuptake inhibitors 
(SNRIs), pregabalin, and benzodiazepines, which act 
by reversing these altered monoaminergic neurotrans-
mitter systems. Alongside these drug treatments, non-
pharmacological therapies such as several psychological 

interventions, including cognitive-behavioral therapy, 
and the acquisition and application of stress management 
skills, including relaxation and mindfulness skills are also 
widely used for the management of GAD. However, cur-
rently, available pharmacotherapies (SSRIs, SNRIs, pre-
gabalin, and benzodiazepines) have failed to demonstrate 
the required efficacy in treating anxiety disorders, as 50% 
of patients failed to respond to these drugs, and at least in 
30% of cases, there is a recurrence of the disease follow-
ing the pharmacological treatment [1, 4, 5]. Moreover, 
studies reported a higher rate of discontinuity from these 
pharmacotherapies with low patient adherence or com-
pliance due to the adverse effects, including sexual dys-
function for SSRIs and SNRIs, nausea and dizziness for 
pregabalin, demonstrating an urgent need for searching 
for novel anxiolytics [3]. These findings raised questions 
about the validity of the currently available mechanism 
of pathogenesis and suggested that the altered monoami-
nergic neurotransmitter system might not fully explain 
the molecular mechanism of GAD development, suggest-
ing other pathophysiological factors might be involved 
in GAD. Recently, dysregulated immune systems have 
attracted great interest as an important pathophysiologi-
cal factor for the development of GAD [4, 6–8]. Several 
clinical and preclinical studies suggest a link between the 
altered immune system and GAD pathology. Preclinical 
studies in mice also demonstrated that administration 
of pro-inflammatory cytokines (including IL-1β, TNF-
α, and IL-6) in mice resulted in anxiety-like behaviors 
that were attenuated or normalized after injecting either 
anti-inflammatory cytokines or antagonists for the con-
cerned cytokines [9–13]. A recent prospective cohort 
study conducted by Hou et al., (2019) demonstrated that 
administration of selective serotonin reuptake inhibi-
tors (escitalopram or sertraline) resulted in a significant 
reduction in peripheral pro-inflammatory cytokines, and 
the authors suggested that the anxiolytic effects of these 
SSRIs might partly be based on their acute anti-inflam-
matory activities [14], implicating a significant associa-
tion between dysregulated peripheral immune systems 
and GAD development. The development of anxiety-like 
symptoms in IL-4 gene knock-out mice, reduced levels of 
IL-4 in anxious mice, and the significant attenuation of 
anxiety-like behaviors following IL-4 injection demon-
strated a positive association between anti-inflammatory 
cytokines, IL-4 levels, and anxiety pathology [15–18]. 
This immune hypothesis of GAD development is further 
potentiated by findings from several clinical studies that 
reported that GAD patients showed significantly higher 

pathophysiology and development of GAD. However, further research with a larger population size and longitudinal 
design is required to confirm the potential diagnostic efficacy of IL-10.
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levels of pro-inflammatory cytokines ( IL-1Ra, IL-1, 
IL-6, TNF-α, etc.) compared to healthy controls (HCs) 
[19–28] along with decreased levels of anti-inflammatory 
cytokines, including IL-4 and IL-10 [25]. Besides, pro-
inflammatory cytokines such as TNF-α, and IL-6 were 
significantly associated with anxiety scores [29]. Consis-
tent with this, a randomized clinical trial in humans dem-
onstrated that LPS administration resulted in enhanced 
anxiety scores, and the authors suggested a significant 
correlation between pro-inflammatory cytokine levels 
and anxiety severity [30]. LPS-mediated microglia acti-
vation causes enhanced release of excessive pro-inflam-
matory cytokines in the basolateral amygdala, which 
ultimately leads to neuroinflammation in mice, resulting 
in the development of anxiety and depression-like behav-
iors by modulating neuronal plasticity. The authors found 
that anxiety pathogenesis was due to the excessive release 
of excitatory neurotransmitter glutamate from presyn-
aptic axonal terminals of the prefrontal cortex, leading 
to neuroplasticity [31]. However, some studies reported 
either no significant variation in pro-inflammatory or 
anti-inflammatory cytokine serum levels between GAD 
patients and HCs [32] or that pro-inflammatory cyto-
kines including IL-1, IL-2, and IL-6 were significantly 
reduced in GAD patients than HCs [33, 34]. This discrep-
ancy in altered levels of inflammatory cytokines across 
clinical studies necessitates a further examination of the 
role of these cytokines in GAD pathophysiology.

Interleukin-2 (IL-2) is one of the major pro-inflam-
matory cytokines implicated in T cell activation, prolif-
eration, and differentiation and is thus linked to excessive 
neuro-inflammatory processes [35]. IL-2 has been shown 
to impair synaptic plasticity and cause neuroinflam-
mation, which ultimately leads to neuronal damage in 
neurocircuits associated with fear and anxiety signal 
transduction. IL-2 was also reported to act as a potent 
modulator of NMDA and kainite-mediated excitability 
in mesolimbic or mesostriatal systems [36–38] and thus 
affect neuroplasticity. As IL-2 was found to be positively 
associated with major depressive disorder [38, 39], prob-
ably, IL-2 might also be correlated with anxiety disorders 
like GAD, as MDD and GAD are highly co-morbid them-
selves and thus might share common pathophysiological 
factors. Recently, a preclinical study conducted by Gilio 
et al., (2022) observed that IL-2 administration in experi-
mentally healthy mice triggered marked anxiety and 
depression-like behaviors, and the authors suggested that 
inhibition of GABA-mediated synaptic inhibitory neu-
rotransmission was involved in the pathology of anxiety 
[40].

Interleukin-10 (IL-10) is one of the major anti-inflam-
matory cytokines that is secreted from Treg cells, Th2 
cells, CD4 + T cells, CD8 + T cells, monocytes, mac-
rophages, dendritic cells, B cells, neutrophils in the 

peripheral nervous system, and from microglia, astro-
cytes in the central nervous system (CNS) [41]. IL-10 sig-
naling triggers anti-inflammatory, immunosuppressive, 
and immunoregulatory activities, including downregu-
lating the production and secretion of pro-inflammatory 
cytokines and chemokines from activated macrophages, 
neutrophils, mast cells, Th1 cells, and DCS, decreasing 
the expression of MHC class II and co-stimulatory mole-
cules on macrophages, and thereby suppressing the anti-
gen presentation capacity of APCS [42–46]. In the CNS, 
it inhibits the production of such cytokines and chemo-
kines by activated microglia and thereby counteracts 
cellular and tissue damage in response to excessive neu-
roinflammation [47, 48]. IL-10 has also been shown to 
stimulate axonal regeneration and activate wound healing 
through tissue repair [48]. Research also indicates its role 
as an inhibitor for microglial hyperactivation in response 
to LPS-induced inflammatory stimulus [49]. Based on 
its anti-inflammatory and immunoregulatory functions, 
researchers suggested an intricate role for IL-10 in several 
auto-immune and neuropsychiatric disorders. For exam-
ple, Mesquita et al., (2008) observed that IL-10 KO mice 
developed markedly enhanced depressive-like behavior, 
which was attenuated after IL-10 administration, and 
that overexpression of IL-10 resulted in reduced depres-
sive behaviors in mice [50]. Moreover, administration of 
IL-10 into rats attenuated the pro-inflammatory cytokine 
IL-1β-induced anxiety-like symptoms in male rats [10], 
demonstrating that IL-10 possesses anxiolytic activi-
ties. Preclinical research using an experimental animal 
model also suggests that the observed anxiolytic effect of 
several anti-anxiety drugs, including 3’-deoxyadenosine 
(3’-dA), imipramine, fluoxetine, and chlordiazepoxide, 
stems from their ability to upregulate anti-inflammatory 
cytokine (IL-4, IL-10) expression in the prefrontal cortex 
and locus coeruleus and simultaneous down-regulation 
of proinflammatory cytokine gene expression, leading to 
a correction of the imbalance between proinflammatory 
and anti-inflammatory states [51, 52]. Though several 
preclinical studies suggest a potential link between IL-10 
levels and anxiety disorder, there is a scarcity of clinical 
studies aimed at evaluating such an association between 
IL-10 and GAD development [10].

Currently, there is no objective and cost-effective diag-
nostic or prognostic biomarker for GAD, which poses 
challenges in early diagnosis or risk prediction and leads 
to misdiagnosis or underdiagnosis, hampering the proper 
management of the disease. Currently available diagnos-
tic tools, including self-reported symptoms and scoring 
severity based on the patient’s response to the 7-item 
questionnaire (GAD-7 scores), are subjective. Though 
neuroimaging techniques such as positron emission 
tomography (PET) and functional MRI can be used for 
the proper and objective diagnosis of GAD, due to their 
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high cost and sophistication or complexities, these diag-
nostic tools are not suitable for either mass-level screen-
ing or are not easy to conduct multiple times to monitor 
the disease progression or therapeutic drug response. 
As such, the investigation of cost-effective objective bio-
markers for GAD is one of the major focuses of current 
research on GAD. Finding a suitable biomarker is essen-
tial for early diagnosis and initiating psychotherapy and 
pharmacotherapy as early as possible [3]. Several studies 
were performed investigating the potential association 
between altered pro-inflammatory cytokines or anti-
inflammatory cytokines and the pathogenesis of GAD. 
However, the actual role of inflammatory cytokines in 
GAD patients is not well explained. Therefore, the pres-
ent study aims to explore the role of pro-inflammatory 
cytokines (IL-2) and anti-inflammatory cytokines (IL-
10) in the pathophysiology and development of GAD. 
Also, we aim to find the potential associations of IL-2 
and IL-10 with the severity of GAD patients. We believe 
the present study results would help to understand the 
pathophysiology and development of GAD.

Methods
Study population
We recruited 88 participants for this case-control study 
(50 GAD patients and 38 HCs matched by age and sex). 
Patients were collected from the Department of Psy-
chiatry, Bangabandhu Sheikh Mujib Medical Univer-
sity Hospital, Dhaka, Bangladesh, and HCs from nearby 
areas of Dhaka city. A professional psychiatrist diagnosed 
patients and evaluated HCs based on DSM-5 criteria. We 
applied a 7-item GAD scale to assess the severity of anxi-
ety symptoms [53]. The total scores range from 0 to 21, 
and it classifies the anxiety severity into four categories: 
minimal anxiety (0–4 scores), mild anxiety (5–9 scores), 
moderate anxiety (10–14 scores), and severe anxiety (15–
21 scores). We excluded subjects with a co-morbidity of 
other psychiatric disorders, such as MDD, panic disorder, 
post-traumatic stress disorder, and social phobia, from 
the study. Additional exclusion criteria for participants 
were chronic liver and kidney diseases, infectious dis-
eases, and alcohol or substance abuse. We also excluded 
patients who were exposed to anxiolytics or antidepres-
sant medications within at least two weeks prior to the 
study that might have an impact on cytokine levels. We 
recorded the sociodemographic profile of the study pop-
ulation using a pre-designed questionnaire. The objec-
tives of the study were explained to each participant, and 
informed written consent was obtained from them before 
their participation in this study. The study was conducted 
in accordance with the Declaration of Helsinki.

Blood sample collection and serum isolation
A 5 ml blood sample was collected from the cephalic vein 
of each participant. The blood samples were kept at room 
temperature for 1  hour to ensure coagulation and were 
then subjected to centrifugation at 3000 rpm for 15 min-
utes at room temperature to collect serum samples. The 
collected serum was then placed in the Eppendorf tube 
and stored at -80 °C until further analysis.

Estimation of serum cytokine levels
We estimated the serum levels of IL-2 and IL-10 by 
ELISA methods (Boster Bio, USA). We followed the 
manufacturer’s protocol for the ELISA assays. At first, 
we added 100 µl of standard cytokine solution, samples, 
and controls to each well of a pre-coated 96-well micro-
plate. The microplates were covered with a plate sealer 
and incubated for 90  min at 37⁰C. After that, the cover 
was removed, and the liquid in each well was discarded. 
Subsequently, 100 µl of biotinylated anti-IL-2 antibody or 
anti-IL-10 antibody was incorporated into each well and 
incubated for 60 min at 37⁰C. After discarding the liquid 
from each well and washing it three times with 300 µl of 
wash buffer, 100  µl of avidin-biotin-peroxidase complex 
was added to each well, and the microplate was then 
again incubated for 30  min at 37⁰C. After the incuba-
tion period, the liquid was again discarded, and the plate 
was washed again with 300 µl of wash buffer five times. 
Following the addition of 90 µl color-developing reagent 
(TMB) into each well, the plate was incubated in a dark 
place for 30 min at RT, followed by the addition of 90 µl 
of stop solution to each well to stop the reaction process. 
We measured the absorbance with a microplate reader at 
450 nm. We calculated the cytokine levels using standard 
curves and expressed them as pg/ml.

Data presentation and statistical analysis
GraphPad Prism (version 8.0.1) and Statistical Package 
for the Social Sciences (version 24.0) were used for data 
analysis. We used descriptive statistics to find the varia-
tions in sociodemographic profiles and clinical character-
istics between the groups. A T-test and a Chi-square test 
were employed to determine the statistical level of signif-
icance between the mean differences for variables across 
patients versus HC groups in the case of continuous vari-
ables and categorical variables, respectively. We used 
boxplot graphs for comparisons of analyzed cytokines 
between patients and HCs. We also generated scatter 
plot graphs for several clinical variables in GAD patients 
to show the correlations among the clinical parameters. 
A correlation analysis was performed to assess the poten-
tial association between several demographic and clinical 
variables in GAD patients. Receiver operating charac-
teristics (ROC) analysis was conducted to determine 
the diagnostic efficacy of serum IL-2 or IL-10 levels in 
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discriminating GAD patients from HCs. In all cases, sta-
tistical significance was considered at p < 0.05.

Results
Sociodemographic characteristics of the study population
The sociodemographic characteristics of the study pop-
ulation are presented in Table 1. The GAD patients and 
HCs were similar in terms of their age, sex, and BMI. 
Among the participants, about 60% were male and from 
urban areas. The majority of patients (60.00%) and HCs 
(68.42%) were unmarried. There was no significant varia-
tion between patients and HCs for their education level, 
occupation, economic status, or smoking status. In con-
trast, there was a difference between patients and HCs 
for their family history and previous history of the dis-
ease. In GAD patients, 20.00% had a family history, and 
40.00% had a previous history of the disease.

Clinical characteristics and laboratory findings
Clinical characteristics and laboratory analysis results 
are presented in Table 2. GAD patients displayed mark-
edly higher serum levels of IL-2 (14.81 ± 2.88 pg/ml) 
compared to HCs (8.08 ± 1.10 pg/ml), and the difference 
reached the statistically significant level (p = 0.037, two-
tailed unpaired t-test) (Table  2; Fig.  1). Though male 
GAD patients exhibited markedly higher levels of IL-2 
compared to male HCs (p = 0.048), there was no sig-
nificant variation in IL-2 levels between female patients 
and female HCs (p > 0.05) (Fig. 1). Though some 1.8-fold 
higher IL-2 serum levels were observed in male GAD 
patients compared to female GAD patients, the difference 
did not reach the statistical significance level (p = 0.198, 
two-tailed unpaired t-test). In contrast to the results 
obtained for IL-2, IL-10 showed a statistically significant 
(p < 0.001) reduction in GAD patients (33.69 ± 1.37 pg/ml) 
compared to HCs (44.12 ± 3.16 pg/ml) (Fig. 1). Similar to 

Table 1 Socio-demographic characteristics of the study 
population
Parameters GAD patients 

(n = 50)
Mean ± SEM

Healthy con-
trols (n = 38)
Mean ± SEM

p value

Age in years 31.04 ± 1.52 30.66 ± 2.04 0.878
 18–25 20 (40.00%) 14 (36.84)
 26–35 19 (38.00%) 16 (42.11)
 36–45 3 (6.00%) 2 (5.26)
 46–60 8 (16.00%) 6 (15.79)
Sex 0.974
 Male 30 (60.00%) 23 (60.50%)
 Female 20 (40.00%) 15 (39.50%)
Marital status 0.504
 Married 20 (40.00%) 12 (31.58%)
 Unmarried 30 (60.00%) 26 (68.42%)
BMI (kg/m2) 23.49 ± 0.57 24.70 ± 0.71 0.179
 Below 18.5 (CED) 3 (6.00%) 4 (10.53%)
 18.5–25 (normal) 31 (62.00%) 15 (39.47%)
 Above 25 (obese) 16 (32.00%) 19 (50.00%)
Education level 0.244
 Illiterate 4 (8.00%) 0 (0.00%)
 Primary level 7 (14.00%) 6 (15.79%)
 Secondary level 5 (10.00%) 1 (2.63%)
 Higher Secondary level 14 (28.00%) 14 (36.84%)
 Graduate and above 20 (40.00%) 17 (44.74%)
Occupation 0.861
 Housewife 12 (24.00%) 6 (15.79%)
 Business 5 (10.00%) 3 (7.89%)
 Unemployed/pensioner 14 (28.00%) 13 (34.21%)
 Student 12 (24.00%) 11 (28.95%)
 Others 7 (14.00%) 5 (13.16%)
Economic status 0.477
 High 2 (4.00%) 2 (5.26%)
 Medium 38 (76.00%) 32 (84.21%)
 Low 10 (20.00%) 4 (10.53%)
Smoking history 0.131
 Nonsmoker 43 (86.00%) 37 (97.37%)
 Smoker 7 (14.00%) 1 (2.63%)
Residence area 0.830
 Rural 21 (42.00%) 15 (39.47%)
 Urban 29 (58.00%) 23 (60.53%)
Family history of GAD 0.004
 Yes 10 (20.00%) 0 (0.00%)
 No 40 (80.00%) 38 (100.00%)
Previous history of GAD < 0.001
 Yes 20 (40.00%) 0 (0.00%)
 No 30 (60.00%) 38 (100.00%)
Abbreviations: BMI: body mass index; CED: chronic energy deficiency; GAD: 
generalized anxiety disorder; SEM: standard error mean; Data is considered to 
be statistically significant p < 0.05

Table 2 Clinical characteristics and laboratory findings of the 
study population
Parameters GAD patients 

(n = 50)
Mean ± SEM

Healthy controls 
(n = 38)
Mean ± SEM

p value

DSM-5 scores 9.62 ± 0.17 - -
GAD-7 scores 13.08 ± 0.57 - -
IL-2 (pg/ml) 14.81 ± 2.88 8.08 ± 1.10 0.037
 Male 17.56 ± 4.21 8.73 ± 1.40 0.048
 Female 9.67 ± 1.61 6.33 ± 1.36 0.156
IL-10 (pg/ml) 33.69 ± 1.37 44.12 ± 3.16 0.001
 Male 33.08 ± 1.88 48.90 ± 4.45 < 0.001
 Female 34.70 ± 1.98 35.42 ± 2.06 0.810
Abbreviation: DSM-5: diagnostic and statistical manual for mental disorders; 
5th edition: GAD: generalized anxiety disorder; GAD-7: generalized anxiety 
disorder 7-item scores; SEM: standard error mean; IL-2: interleukin-2; IL-10: 
interleukin-10. Two-tailed unpaired student’s t test was applied for evaluating 
statistical significance level between mean difference between cases and 
controls and p < 0.05 was statistically significant
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the results obtained for IL-2, IL-10 levels showed a statis-
tically significant difference between patients versus HCs 
when male people were considered (Fig. 1). In contrast, 
there was no significant variation in IL-10 levels between 
female GAD patients and female HCs (p > 0.05).

Correlation analysis among different study parameters
We then performed a series of correlation analyses to 
investigate the association of altered cytokine serum lev-
els with several demographic and clinical variables, such 
as age, BMI, DSM-5, and GAD-7 scores (Table 3). Serum 
IL-2 levels did not show any positive or negative associa-
tion with either DSM-5 or GAD-7 scores (p > 0.05), sug-
gesting that despite its significant enhancement in GAD 
patients compared to HCs, IL-2 may not associate with 
GAD pathophysiology. We also observed no significant 
association between the ages of the patients and IL-2 
serum levels. In contrast, the IL-2 levels of GAD patients 
maintained a significant and positive correlation with 
BMI levels of patients (r = 0.390, p < 0.05) which is con-
sistent with the intricate relationship between body mass 

Table 3 Correlation analysis among different analyzed 
parameters
Parameters Correlations

r p
Age and IL-2 0.142 0.454
Age and GAD-7 scores 0.043 0.763
Age and IL-10 -0.116 0.445
BMI and GAD-7 scores 0.061 0.675
BMI and IL-2 0.390 0.048
BMI and IL-10 0.092 0.540
IL-2 and GAD-7 scores -0.022 0.908
IL-10 and GAD-7 scores -0.315 0.039
IL-2 and DSM-5 scores -0.225 0.230
IL-10 and DSM-5 scores -0.300 0.045
IL-2 and IL-10 0.471 0.011
Abbreviation: BMI: body mass index; GAD-7: generalized anxiety disorder 
7-item scores

Fig. 1 Distribution of serum IL-2 (ai) and IL-10 (bi) levels in GAD patients and healthy controls. Comparison of IL-2 and IL-10 levels between GAD patients 
and their counterparts in control subjects are showed in ai and bi. Comparison of IL-2 and IL-10 levels between male or female GAD patients and their 
counterparts in control subjects are presented in aii and bii
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and enhanced pro-inflammatory responses. Contrary 
to the results obtained for IL-2, reduced serum IL-10 
levels maintained a significant but negative association 
with both DSM-5 scores (r=-0.300, p = 0.045) and GAD-7 
scores (r=-0.315, p = 0.039), implicating that altered IL-10 
levels are linked to GAD development or pathogen-
esis. However, the age and BMI levels of GAD patients 
failed to show any positive or negative association with 
IL-10 serum levels. Analysis also showed a significant 
and strong positive association between IL-2 and IL-10 
serum levels (r = 0.471, p = 0.011) in GAD patients, which 
might be due to the compensatory enhancement of anti-
inflammatory cytokine, IL-10 in response to elevated 
pro-inflammatory cytokine, IL-2 levels. Also, we dis-
played these correlations among several clinical variables 
of GAD patients by scatter plot graphs (Fig. 2).

Receiver operating characteristic curve analysis
Serum IL-10 measurement showed a good performance 
in differentiating GAD patients from HCs, which was 
evidenced by its significantly higher area under the curve 
(AUC) value of 0.793 (p < 0.001) with 80.65% sensitivity 
and 62.79% specificity at a cut-off value of 33.93 pg/ml, 
in which the cytokine levels below this point indicate dis-
ease states (Table 4; Fig. 3). ROC analysis of serum IL-2 
levels failed to discriminate GAD patients from HCs as 
the AUC value was below the acceptable range (AUC: 
0.640; p = 0.108) with 54.17% sensitivity and 68.18% spec-
ificity at a cut-off value of 8.83 pg/ml) (Fig. 3; Table 4).

Table 4 Receiver operating characteristic curve analysis of serum IL-2 and IL-10 levels as discriminators between GAD patients and 
healthy controls
Cytokine Cut-off value

(pg/ml)
AUC 95% CI Sensitivity

(%)
Specificity
(%)

p value
Lower Limit Upper Limit

IL-2 8.83 0.640 0.478 0.798 54.17 68.18 0.108
IL-10 33.93 0.793 0.693 0.893 80.65 62.79 < 0.001
Abbreviation: AUC: area under the curve; CI: confidence interval; GAD: generalized anxiety disorder; IL-2: interleukin-2; IL-10: interleukin-10

Fig. 2 Scatter plot graphs for several clinical variables of GAD patients showing existence or absence of correlation between the clinical parameters. Scat-
ter plot for serum IL-2 levels versus GAD-7 scores (a) or DSM-5 scores (b) expressing no significant association between IL-2 and both clinical parameters. 
Scatter plot graphs showing significant association between IL-2 levels and BMI (c), IL-10 levels and GAD-7 scores (d), IL-10 levels and DSM-5 scores and 
IL-10 and IL-2 levels (f)
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Discussion
To the best of our knowledge, this is the first case-control 
study to investigate the potential association between 
the pathophysiology of GAD and the pro-inflammatory 
cytokine, IL-2, and the anti-inflammatory cytokine, 
IL-10, among the Bangladeshi population. We observed 
that IL-10 serum levels were significantly lower in GAD 
patients than in HCs, and this reduction was found to be 
significantly but negatively associated with both DSM-5 
scores and GAD-7 scores, demonstrating potential 
involvement of this anti-inflammatory cytokine in dis-
ease severity and symptoms. Our results of a significant 
reduction in IL-10 levels in GAD patients are in good 
agreement with those observed in other studies [23, 25]. 
In contrast, our results diverge from those reported by 
others [33, 54] who either reported no significant varia-
tion in IL-10 levels between GAD patients and HCs or 
that IL-10 levels were enhanced in GAD patients com-
pared to HCs. ROC analysis also demonstrated the good 
predictive value of IL-10 serum measurement in dis-
criminating diseased patients from HCs, suggesting that 
IL-10 serum level might be a potential biomarker for 
diagnosis, anti-anxiety drug response monitoring, or dis-
ease progression monitoring. Recently, Hou et al. (2019) 
demonstrated that peripheral serum levels of the pro-
inflammatory cytokine IL-6 could be used to monitor 
the treatment response of SSRIs in GAD [14]. Similarly, 
IL-10 might be used as a marker for therapeutic drug 
monitoring in GAD. However, further longitudinal stud-
ies are required to find any causal relationship between 
IL-10 and disease severity or pathogenesis. On the other 
hand, serum IL-2 levels were significantly elevated in 
GAD patients compared to HCs, but they failed to dem-
onstrate any significant association with either DSM-5 
scores or GAD-7 scores in Pearson correlation analysis, 

implying that IL-2 levels might not be associated with 
the pathophysiology and development of GAD. Consis-
tent with this, ROC analysis showed that IL-2 levels have 
no significant diagnostic efficacy in differentiating GAD 
patients from HCs. Further analysis with a larger popu-
lation size is required to explore the role of IL-2 in the 
context of GAD severity. Our results are consistent with 
those reported by Tang et al. (2018), who also observed 
that GAD patients exhibited significantly higher serum 
levels of IL-2 compared to HCs [19]. However, our results 
are not in agreement with those reported by others who 
observed either no significant variation in IL-2 levels [54] 
or a significant reduction in GAD patients compared to 
HCs [25, 33, 34, 55]. We also observed a significant posi-
tive correlation between IL-2 and IL-10 levels in GAD 
patients, which indicates a compensatory mechanism 
[56].

Our study provides some valuable insights into the 
complex and intricate relationship between the dysregu-
lated immune system and GAD. The observed reduction 
in IL-10 levels in GAD patients in our study suggests a 
potential immunoregulatory imbalance in GAD, with 
IL-10 playing a role in modulating anxiety severity. The 
lack of a significant association between IL-2 serum lev-
els and anxiety severity highlights the nuanced nature of 
immune dysregulation in GAD, warranting further explo-
ration into the specific mechanisms involved. Elevated 
levels of pro-inflammatory cytokine, IL-2, and decreased 
levels of anti-inflammatory cytokine, IL-10, in GAD 
patients compared to HCs indicate that GAD individuals 
of the Bangladeshi cohort are characterized by height-
ened inflammatory responses derived from the imbalance 
between pro-inflammatory and anti-inflammatory states. 
Our study finding provides further support for the cyto-
kine hypothesis of anxiety disorder, which proposes that 

Fig. 3 Receiver operating characteristic curve (ROC) for serum IL-2 (a) and IL-10 levels (b)
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pro-inflammatory cytokine-mediated neuroinflamma-
tory processes can lead to anxiety symptoms or behaviors 
by downregulating serotonin biosynthesis or enhancing 
the reuptake of serotonin, resulting in an altered sero-
tonergic neurotransmitter system in the CNS [15]. The 
observed significant negative correlation between IL-10 
and DSM-5 scores or GAD-7 scores suggests that lower-
ing IL-10 levels might be involved in the pathogenesis of 
GAD. One of the major implications of our study find-
ings is that IL-10 signaling might be targeted to explore 
potential novel immunological/immunomodulatory ther-
apies against GAD. The diminished IL-10 levels and their 
negative correlation with GAD severity suggest a poten-
tial avenue for therapeutic intervention. IL-10 might also 
be used as an anti-inflammatory adjunctive therapy with 
other pharmacotherapies including SSRIs/SNRIs. How-
ever, at this moment, we don’t know the exact mecha-
nism by which lowered levels of IL-10 are linked to 
higher anxiety severity in GAD patients.

As IL-10 has anti-inflammatory and immunoregula-
tory activities such as suppression of production of pro-
inflammatory cytokines (IL-1β, IL-6, and TNF-α) from 
microglia and astrocytes, reduction in IL-10 levels in 
GAD patients in our study led to an imbalance between 
pro-inflammatory and anti-inflammatory states and 
resulted in enhanced pro-inflammatory responses, which 
might be the cause of enhanced anxiety symptoms as 
inflammatory cytokine-mediated neuroinflammation 
was reported to be linked with disrupted monoaminergic 
neurotransmission in the brain. Besides, elevated levels 
of IL-10 were shown to attenuate anxiety-like behaviors 
by modulating GABAergic neurotransmission in the 
amygdala (Patel et al., 2021). IL-10 was also reported to 
display some neuroprotective activities and has been 
shown to inhibit neuronal apoptosis and promote neurite 
outgrowth, axonal outgrowth, and synapse formation in 
the brain by the JAK1-STAT3 signaling pathway [57]. In a 
preclinical study, IL-4 has been shown to cause the shift-
ing of microglia and macrophages from pro-inflamma-
tory to anti-inflammatory neuroprotective phenotypes 
characterized by excessive production of arginase-1 and 
PPARγ receptor expression in microglia and macrophage 
and thereby attenuating brain-injury-mediated anxiety 
by inhibiting neuronal loss and nerve tracts in the limbic 
system [58]. A similar mechanism might be involved in 
IL-10-mediated anxiety symptom improvement in GAD 
patients. Further research is required to unravel the exact 
mechanisms of IL-10-mediated anxiety symptom attenu-
ation in GAD patients.

In terms of diagnostic marker development, as IL-10 
serum level measurement demonstrated good perfor-
mance in discriminating GAD patients from HCs and as 
IL-10 levels maintained a significant and negative cor-
relation with disease severity, IL-10 serum level raised 

the possibility of being an objective biomarker for GAD. 
However, the diagnostic efficacy of this cytokine should 
be investigated thoroughly using a range of longitudinal 
studies. Despite this, at this time we can conclude that 
IL-10 might be used as a risk indicator for assessment 
of susceptibility to anxiety disorder, resulting in early 
detection of the disease and prompting the initiation of 
intervention strategies. This early detection will reduce 
treatment costs and decrease the prevalence and morbid-
ity associated with this chronic disorder.

The strength of our study is that we designed a set of 
inclusion and exclusion criteria for the recruitment of 
participants and followed those criteria in such a way 
that homogenous population data could be obtained. The 
strict study design helped us enormously to minimize 
the potential impact of several confounding variables, 
including age, sex, BMI, co-morbid diseases, and immu-
nomodulatory drugs, on cytokine levels. However, our 
study also has some limitations that should be acknowl-
edged. The major limitation of this study is the smaller 
sample size. We recruited 50 patients and 38 HCs, which 
does not represent the whole Bangladeshi demographic. 
It would be better if we could enroll an equal number of 
cases and controls. For example, we observed that cyto-
kine levels maintained a statistically significant difference 
between male GAD patients and male HCs. In contrast, 
no significant variation in cytokine levels was observed 
when female data were considered. As we have included 
more male participants (60%) than female participants 
(40%), the lower sample size of female participants might 
generate a higher background noise, resulting in lower 
statistical power, warranting further studies recruiting a 
larger population size to investigate sex-specific differ-
ences in cytokine levels in GAD patients. Our case-con-
trol study design is inherently correlational and thus not 
able to evaluate the causal relationship between altered 
cytokine levels and GAD. So, at this moment, we cannot 
conclude whether the altered levels of serum cytokines 
are the causes of anxiety development or just the out-
come of pathophysiological changes.

Longitudinal studies are required to investigate 
whether altered cytokine levels precede GAD or if it’s 
just a mere reflection of GAD pathology. Though we have 
restricted the impacts of several co-variates, other con-
founding variables, including genetic polymorphism in 
cytokine genes, the effect of lifestyle or xenobiotics, and 
dietary habits, were not considered, which might have 
modulatory effects on serum cytokine levels.

Conclusion
The study provides valuable insights for understand-
ing the pathogenesis of GAD. Despite having elevated 
IL-2 levels in GAD patients compared to HCs, it failed 
to demonstrate a significant association with anxiety 
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severity as assessed by GAD-7 scores. In contrast, serum 
IL-10 levels were significantly reduced in GAD patients 
compared to HCs and showed a significant negative cor-
relation with anxiety severity, implicating a potential link 
with the GAD pathophysiology. Our results support the 
immune hypothesis of GAD development. Our study 
findings also suggest that IL-10 serum level measurement 
might offer an objective blood-based biomarker or risk 
assessment indicator for GAD. We recommend further 
research employing a larger population size and homog-
enous data from different areas of Bangladesh to confirm 
our study findings.
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