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Abstract. Major depressive disorder (MDD) is a common
psychiatric disorder associated with immune dysregulation
and chronic low-grade inflammation. However,
simultaneous alterations of pro- and anti-inflammatory
cytokines in young adults with MDD remain
incompletely characterized. This study investigated serum
levels and detectability of interleukin-6 (IL-6),
interferon-gamma (IFN-y), and interleukin-10 (IL-10)
in young adults with MDD and healthy controls (HC).
A total of 135 participants aged 18-30 years, including
22 patients with MDD and 113 HC, were enrolled.
Demographic characteristics, body mass index and
white blood cell counts were assessed. Serum cytokines
were measured using enzyme-linked immunosorbent
assay. All three cytokines were detectable in
significantly higher proportions of patients with MDD
than HC (IL-6, 59.1% vs. 10.6%, p < 0.0001; IFN-y,
81.8% vs. 57.5%, p = 0.0339; IL-10, 100% vs. 83.2%, p
0.0422). Among participants with detectable
cytokines, IFN-y and IL-10 concentrations were
significantly higher in the MDD group (p = 0.0002 and
p = 0.0048, respectively), whereas IL-6 concentrations
did not differ (p = 0.5033). IL-10 correlated positively
with IFN-y (Spearman r = 0.3101, p = 0.0064), but not
IL-6 (r = 0.2983, p = 0.1569). These findings indicate
differential cytokine alterations consistent with systemic
immune dysregulation in MDD. However, the cross-
sectional design and small MDD group limit
interpretation and do not establish causality or biomarker
status. Larger longitudinal studies incorporating disease
severity and treatment outcomes are warranted to
determine the clinical relevance and potential biomarker
utility of these cytokine alterations.
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1. Introduction

Major depressive disorder (MDD) is a psychiatric
disorder characterized by persistent changes in
thoughts, emotions, and behaviors that may
lead to self-harm and suicide. Depression is a
common mental disorder and a major public
health concern worldwide. According to the
World Health Organization (WHO), approximately
332 million people worldwide experience
depression, corresponding to an estimated
5.7% of adults. (https://www.who.int/news-
room/fact-sheets/detail/depression). In Thailand,
MDD has been reported across all age groups,
with prevalence rates varying according to age
and population characteristics. Previous studies
have documented prevalence rates ranging
from 7.0-21.4% among adolescents and young
adults aged 19-22 years, approximately 12.0%
among adults over 30 years of age, and up to
39.1% among individuals older than 40 years.
Among middle-aged and older adults, prevalence
rates ranging from 6.5% to 29.2% have also
been reported (Wangtongkum et al. 2008;
Charoensakulchai et al. 2019; Singkhorn et al.
2021; Pengpid et al. 2023; Liangruenrom et al.
2025). These findings indicate that MDD
affects individuals throughout the lifespan and
remains a significant health burden in the Thai
population. Despite its high prevalence and
substantial impact on quality of life, the
biological mechanisms underlying MDD
remain incompletely understood.
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In addition to psychological, environmental,
and social factors, increasing evidence suggests
that immune dysregulation and neuroinflammation
contribute to the pathophysiology of MDD.
Communication between the immune system
and the central nervous system plays an
important role in regulating mood, cognition,
and behavior. Dysregulation of this interaction
may promote neuroinflammatory processes
that contribute to the development and
progression of depressive symptoms (Zhao et
al. 2025; Jiao et al. 2025; Salcudean et al.
2025; Hole et al. 2025). Several studies have
reported elevated circulating levels of pro-
inflammatory cytokines in patients with MDD,
including interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), interleukin-1p (IL-1p),
and interferon-gamma (IFN-y) (Rethorst et al.
2012; Felger and Lotrich 2013; Haapakoski et
al. 2015; Strawbridge et al. 2017; Petralia et
al. 2020; Zhan et al. 2020; ElgellaieAsmahan
et al. 2022; Chen et al. 2024). These cytokines
can influence brain function through multiple
mechanisms. Pro-inflammatory cytokines activate
indoleamine 2,3-dioxygenase (IDO), which
redirects tryptophan metabolism from serotonin
synthesis toward the kynurenine pathway,
resulting in reduced serotonin availability and
increased production of neuroactive metabolites.
In addition, inflammatory mediators may alter
norepinephrine and dopamine signaling,
impair neuroplasticity, and dysregulate the
hypothalamic—pituitary—adrenal (HPA) axis,
all of which have been implicated in
depression (Yu et al. 2023; Cui et al. 2024;
Salcudean et al. 2025). Although most studies
have focused on pro-inflammatory cytokines,
anti-inflammatory cytokines may also play an
important role in MDD. Interleukin-10 (IL-10)
is a key immunoregulatory cytokine that
suppresses excessive inflammatory responses
and maintains immune homeostasis. Alterations in
IL-10 levels have been reported in patients
with depression, suggesting that both pro-
inflammatory and anti-inflammatory pathways
may be involved in the complex immune
response associated with MDD (Hassamal
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2023; Poletti et al. 2024; Ren et al. 2026;
Cortes-Altamirano et al. 2026).

Young adults are commonly affected by MDD.
However, data on circulating inflammatory
cytokine profiles in this population remain
limited. Although previous studies have
reported alterations in individual inflammatory
cytokines in MDD, fewer studies have
simultaneously characterized both pro-
inflammatory and anti-inflammatory cytokine
responses. Therefore, the present study aimed
to characterize the circulating cytokine profile
of young adults aged 18-30 years with MDD
by examining the pro-inflammatory cytokines
IL-6 and IFN-y and the anti-inflammatory
cytokine IL-10, compared with healthy controls.
Characterizing these cytokine alterations may
provide further insight into systemic immune
dysregulation associated with MDD and help
clarify the potential clinical significance of
inflammatory responses in young adults with
depression.

2. Methodology
2.1 Specimens

The study was approved by the Ubon
Ratchathani  University Research  Ethics
Committee (UBU-REC-69/2567) and written
informed consent was obtained from all
participants prior to enrollment. A total of 135
participants aged 18-30 years were recruited
and classified into two groups: healthy
controls (HC) and patients with major
depressive disorder (MDD). Demographic and
lifestyle  characteristics, including  sex,
underlying diseases, family history, exercise
habits, alcohol consumption, and smoking
status, were collected using a structured
questionnaire. The HC group comprised
individuals without a history of chronic
disease or psychiatric disorders, whereas the
MDD group comprised participants with a
physician-confirmed diagnosis of MDD. The
exclusion criteria for both groups included
chronic diseases affecting immune function,
acute infection or inflammatory conditions
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within the preceding two weeks, abnormal
WBC counts (<4,000 or >10,000 cells/uL), and
current use of antibiotics or immunosuppressive
medications. WBC count was used as a
preliminary screening parameter for overt
hematological abnormalities or acute inflammatory
conditions. The initial target sample size was
221 participants. This estimate was based on a
17.5% prevalence of depression in a Thai
population, with a 95% confidence level and a
5% margin of error. However, due to
recruitment limitations, 135 participants were
ultimately enrolled, including 22 with MDD and
113 HC.

2.2 Blood Collection

Peripheral venous blood samples were
collected from all participants and divided into
EDTA and clot activator tubes. Blood samples
collected in EDTA tubes were used for
complete blood count (CBC) analysis, whereas
serum samples obtained from clot activator
tubes were stored at —80°C until cytokine
analysis.

2.3 Cytokine Measurement

Serum IL-6, IFN-y, and IL-10 concentrations
were quantified using BD OptEIA™ ELISA
Sets (Cat. Nos. 555220, 555142, and 555157,
respectively; BD Biosciences, San Diego, CA,
USA). The manufacturer-specified standard
ranges were 4.7-300 pg/mL for IL-6 and IFN-
vy and 7.8-500 pg/mL for IL-10. To improve
quantification at low concentrations, additional
calibrators below the manufacturer-specified
range were prepared for each assay from the
reconstituted lyophilised standard, giving a
lowest calibrator of 2.34 pg/mL for all three
cytokines. The extended standard curves
demonstrated acceptable linearity, with R?
values ranging from 0.9945 to 0.9987. All
serum samples were analyzed in duplicate, and
patient control sample was balanced across
assay plates to minimize potential inter-plate
variation.
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2.4 Statistical Analysis

Continuous variables are presented as mean =+
standard deviation (SD) or median (interquartile
range), as appropriate. Statistical analysis was
performed using tests appropriate to the
dataset, as specified in the figure legends,
using GraphPad Prism 10 software (GraphPad
Software, Boston, MA, USA). The p values
<0.05 were considered statistically significant.

3. Results
3.1 Demographic Characteristics

A total of 135 participants were included in
this study, comprising 22 patients with MDD
and 113 HC. The mean age of the MDD group
was higher than that of the HC group. Within
the MDD cohort, males were slightly older
than females. Body mass index (BMI) was
slightly higher in patients with MDD than in
healthy controls. However, the difference was
not statistically significant. White blood cell
(WBC) counts remained within the normal
range across all groups (Table 1).

3.2 Comparison of Inflammatory Biomarkers
Between HC and MDD Groups

To further characterize circulating cytokine
alterations in MDD, serum levels and
detectability of IL-6, IFN-y, and IL-10 were
compared between patients with MDD and
healthy controls (HC) (Table 1). Distinct
differences in cytokine detectability and
circulating concentrations were observed
between the two groups.

IL-6 was detectable in 13 of 22 patients with
MDD (59.1%), compared with 12 of 113 HC
(10.6%; p < 0.0001) (Table 1). However,
among participants with detectable IL-6, serum
concentrations did not differ significantly
between the MDD and HC groups (Figure 1A,
p = 0.5033). These findings indicate that the
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difference in IL-6 between the groups was
primarily attributable to a higher proportion of
participants with detectable IL-6 in the MDD
group rather than higher IL-6 concentrations
among those with detectable levels.

Similarly, IFN-y was detectable in 18 of 22
patients with MDD (81.8%) and 65 of 113 HC
(57.5%; p = 0.0339), while IL-10 was detectable
in all patients with MDD (22/22, 100%)
compared with 94 of 113 HC (83.2%; p =
0.0422) (Table 1). Among participants with
detectable cytokine levels, serum IFN-y
concentrations were significantly higher in the
MDD group than in the HC group (Figure 1B,

p = 0.0002), as were IL-10 concentrations
(Figure 1C, p = 0.0048).

Overall, these findings indicate a differential
alteration of the circulating cytokine profile in
MDD. IL-6 differed between groups primarily
in detectability, with no significant difference
in concentration among participants with
detectable IL-6, whereas IFN-y and IL-10
differed in both detectability and concentration.
This pattern suggests that immune alterations
in MDD involve changes in both cytokine
detectability and circulating concentrations
rather than a uniform increase across all
cytokines.

Table 1. Demographic characteristics and cytokine detection rates in patients with major depressive disorder

(MDD) and healthy controls (HC).

. Age R WBC Detectable cytokine, n (%)
Group/Variable (years) BMI (kg/m~) (x10° /uLL) L6 IFN-y 1L-10
MDD (n = 22) 24.48 £ 4.96 25.19+6.46 6.93+1.60 13 (59.1) 18 (81.8) 22 (100)
Male (n =5) 27.25£6.40 24.14 £9.27 7.69 +1.36 2 (40.0) 4 (80.0) 5 (100)
Female (n=17) 23.82 £4.54 25.66 £5.43 6.55+1.69 11 (64.7) 14 (82.4) 17 (100)
HC (n =113) 20.04 £ 1.48 21.85+4.30 7.42+1.42 12 (10.6) 65 (57.5) | 94(83.2)
Male (n =24) 19.75£1.22 22.47+£4.40 7.23+£1.23 1(4.2) 11 (45.8) 19 (79.2)
Female (n =89) 20.11 £1.54 21.68 £4.28 7.47 £1.46 11 (12.4) 54 (60.7) | 75(84.3)
p (MDD vs HC) <0.0001 0.0956 0.3634 <0.0001 0.0339 0.0422

Note: Data are presented as mean + standard deviation or n (%). Percentages are calculated within each row's
denominator. Detectable cytokine was defined as a concentration at or above 2.34 pg/mL. Continuous variables
were compared between the MDD and HC groups using the Mann—Whitney U test, and cytokine detection rates

using the two-sided Fisher's exact test.
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Figure 1. Serum inflammatory cytokine concentrations in healthy controls (HC) and patients with major depressive
disorder (MDD). (A) Interleukin-6 (IL-6) (B) Interferon-gamma (IFN-y) and (C) Interleukin-10 (IL-10). Data are
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presented as scatter plots showing individual values with median with interquartile range. Statistical significance
was determined between groups using the Mann—Whitney U test; **p < 0.01, ***p < 0.001; ns, not significant.
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Figure 2. Correlation between serum IL-10 and pro-inflammatory cytokine concentrations. (A) IL-6 and (B) IFN-y.
Each point represents one participant; only participants in whom both cytokines were detectable are shown. Patients
with MDD and healthy controls are pooled. Correlation coefficients (r) are Spearman rank correlation coefficients
with two-sided p values.

3.3 Relationship between IL-10 and pro-
inflammatory cytokines

To examine the relationship between IL-10 and
pro-inflammatory cytokine levels, Spearman
rank correlation analyses were performed. The
study included participants with measurable
levels of both cytokines (Figure 2). IL-10 was
positively correlated with IFN-y (r = 0.3101, p
= 0.0064, n = 76), whereas no significant
correlation was observed with IL-6 (r =
0.2983, p = 0.1569, n = 24). Within-group
correlations were positive but did not reach
significance for either cytokine pair (IL-6:
MDD r =0.4780, p = 0.0985,n =13; HC r =
0.2455, p = 0.4669, n = 11; IFN-y: MDD r =
0.2982,p=0.2293, n=18; HC r=0.2087,p =
0.1160, n = 58), consistent with the limited
number of participants with detectable
cytokine in each group.

4. Discussion

The present study investigated circulating
inflammatory cytokine profiles in young adults
with MDD. Overall, the findings demonstrated
a differential pattern of cytokine alterations in
MDD. IL-6 was detectable in a significantly
higher proportion of patients with MDD than
in healthy controls, although IL-6 concentrations
among participants with detectable levels did
not differ significantly between groups. In
contrast, serum IFN-y and IL-10 concentrations
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were significantly higher in patients with
MDD. These findings support an association
between MDD and systemic immune dysregulation
involving both pro-inflammatory and anti-
inflammatory responses (Miller and Raison
2008; Tubbs et al. 2020; Wessa et al. 2025;
Salcudean et al. 2025; Hole et al. 2025; Ren et
al. 2026).

Among the cytokines evaluated, IL-6 showed
a distinct pattern of alteration. IL-6 was
detectable in 59.1% of patients with MDD
compared with only 10.6% of healthy controls.
However, among participants with detectable
IL-6, serum concentrations did not differ
significantly between groups. Thus, the
difference in IL-6 in the present study was
primarily related to its detectability rather than
its concentration. This finding is consistent
with previous evidence implicating IL-6 in
MDD, although previous studies have
generally reported elevated circulating IL-6
concentrations and associations with symptom
severity and treatment resistance (Rethorst et
al. 2012; Strawbridge et al. 2015; Roohi et al.
2021). The different pattern observed in our
study may reflect heterogeneity in inflammatory
responses among individuals with MDD and
differences in clinical characteristics, assay
methods, or other biological factors. IL-6 may
influence depression through peripheral—
central immune signaling, including effects on
microglial activation and neuroinflammatory
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processes (Garner et al. 2018; Kennedy and
Silver 2022). These processes may be
associated with alterations in neuroplasticity,
neurogenesis, and synaptic function in brain
regions involved in mood regulation (Zhao et
al. 2025; Salcudean et al. 2025; Blossom et al.
2025). However, the relatively small MDD
group and cross-sectional design limit definitive
interpretation. Larger longitudinal studies are
warranted to determine whether IL-6 detectability
or concentration is associated with symptom
severity, disease progression, or treatment
response.

In contrast to IL-6, serum IFN-y concentrations
were significantly higher in patients with
MDD than in HC. IFN-y is a key Thl-
associated cytokine involved in cell-mediated
immune  responses and  inflammatory
signaling. Increased IFN-y may contribute to
depressive symptoms through activation of
indoleamine 2,3-dioxygenase (IDO), which
diverts tryptophan metabolism from serotonin
synthesis toward the kynurenine pathway
(Wichers and Maes 2004; Yu et al. 2023; Cui
et al. 2024; O’Regan et al. 2026). Increased
kynurenine pathway activity and the production
of neuroactive metabolites may affect
serotonin availability and contribute to mood
disturbances and cognitive dysfunction. IFN-y
may also stimulate microglial activation and
amplify neuroinflammatory processes within
the central nervous system (Kwon and Koh
2020; Chen et al. 2024; Zong et al. 2026).
These mechanisms provide a possible biological
context for the elevated IFN-y observed in the
present study. However, the cross-sectional
design does not allow a causal relationship
between IFN-y and MDD to be established.

Serum IL-10 concentrations were also
significantly higher in patients with MDD. IL-
10 1s generally considered an anti-inflammatory
cytokine that suppresses excessive immune
activation and limits tissue damage. The
increased IL-10 observed in this study may
therefore represent a counter-regulatory response
to inflammatory activation rather than an
isolated anti-inflammatory process (Hiles et al.
2012; Taraz et al. 2012). Previous studies have
similarly suggested that both pro-inflammatory
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and anti-inflammatory pathways may be
activated simultaneously in MDD, reflecting a
complex and dysregulated immune response
(O’Brien et al. 2006; Dhabhar et al. 2009;
Hiles et al. 2012; Taraz et al. 2012).

Among participants with detectable levels of
both cytokines, higher IL-10 Ilevels were
associated with higher IFN-y levels. This
association suggests coordinated alterations in
pro-inflammatory and regulatory cytokine
responses. Recent evidence has also reported
elevated IFN-y and IL-10 in individuals with
MDD, further supporting alterations in
inflammatory and regulatory pathways (Gedek
et al. 2025). In contrast, IL-10 was not
significantly correlated with IL-6, which may
reflect differences in the regulation of
individual cytokines. However, the correlation
analyses were limited to participants with
detectable cytokine levels, particularly for IL-
6 (n = 24), and the within-group analyses had
limited statistical power. Therefore, these
findings should be interpreted cautiously and
considered associative rather than mechanistic.
Larger studies are warranted to clarify the
coordinated regulation of pro- and anti-
inflammatory cytokines in MDD.

Although white blood cell counts remained
within normal ranges in all groups, significant
differences in cytokine concentrations were
observed between patients with MDD and
healthy controls. This finding suggests that
conventional hematological parameters may
not adequately reflect subtle immune alterations
associated with depression. Cytokine measurements
may therefore provide greater sensitivity for
detecting immune dysregulation in psychiatric
disorders (Jeon and Kim 2016; Foley et al.
2022; Dong et al. 2025).

The biological relationship between immune
dysregulation and depression is likely
multifactorial. Inflammatory signaling may
influence neurotransmitter metabolism,
neuroendocrine function, and neuronal plasticity.
Pro-inflammatory cytokines can activate the
hypothalamic—pituitary—adrenal (HPA) axis,
potentially resulting in sustained cortisol
secretion and stress-response dysregulation.
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Inflammatory mediators may also reduce
brain-derived neurotrophic factor (BDNF)
expression, impair neurogenesis, and affect
neural circuits involved in emotional regulation
(Kennedy and Silver 2022; Cui et al. 2024; Lei
et al. 2025). These mechanisms provide a
biological framework for understanding the
association between altered cytokine profiles
and depression, although the present study
cannot determine whether these pathways
directly mediate MDD.

Several limitations should be considered when
interpreting these findings. First, although the
initial target sample size was 221 participants,
recruitment limitations resulted in a final
sample of 135 participants, including only 22
patients with MDD and 113 HC. The small
and unequal group sizes may have reduced
statistical power and generalizability; therefore,
the findings should be considered exploratory.
In addition, the cross-sectional design precludes
conclusions regarding temporal or causal
relationships between cytokine alterations and
MDD. Although BMI did not differ
significantly between the MDD and HC
groups, other factors that may influence
cytokine levels, including medication use,
stress, sleep, physical activity, and dietary
habits, were not fully controlled. Differences
in age distribution between groups may also
have contributed to variation in cytokine
levels. Second, inflammatory status was
assessed primarily using clinical history,
recent infection or inflammatory conditions,
and WBC counts. Although WBC count was
used as a preliminary screening parameter,
normal WBC counts do not exclude mild or
subclinical inflammation. Because CRP and
other systemic inflammatory markers were not
measured, some participants with low-grade
inflammation may have been included. Future
studies should include larger, balanced cohorts
with longitudinal follow-up and comprehensive
assessment of potential confounders and
inflammatory markers, including CRP, to
further clarify the relationship between
cytokine alterations and MDD.

5. Conclusion
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Patients with MDD demonstrated a higher
proportion of detectable IL-6, as well as
significantly elevated circulating levels of
IFN-y and IL-10, compared with healthy
controls. Among participants with detectable
cytokine levels, IL-6 concentrations did not
differ significantly between groups. The
simultaneous alteration of pro-inflammatory
and anti-inflammatory cytokines is consistent
with systemic immune dysregulation in MDD,
even in the absence of abnormal peripheral
WBC counts. The positive correlation between
IL-10 and IFN-y further suggests a
coordinated alteration of pro-inflammatory
and regulatory immune responses. However,
the cross-sectional design does not allow
causal relationships to be established, and
these cytokine alterations cannot be
considered established biomarkers of MDD or
disease activity. Further studies with larger
and more balanced cohorts, longitudinal
follow-up, and assessment of disease severity
and treatment response are warranted to
determine their clinical relevance and potential
biomarker utility in MDD.
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