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Annotation: Background & Aims: MDD
is known to be accompanied by a dysregulation
of the neuroendocrine and immune system.
Therefore, this study was performed to explore
the connection between oxytocin and pro-
inflammatory cytokines in subjects with chronic
depression.

Materials & Methods: A case-control
study of 87 MDD patients case match with 87
healthy group was carried out at Azadi Teaching
Hospital, Kirkuk, Iragq during February to June
2025). Serum content of oxytocin, cortisol,
prolactin, IL-6, TNF-a, IL-1p and IL-10 was
determined by ELISA. Severity of depression
was evaluated using the HAM-D scale. Pearson
correlation and ROC analyses were conducted.

Results: MDD patients had significantly
lower oxytocin (3.5 + 1.2 vs. 5.2 + 1.5 pg/mL, p
< 0.001) and IL-10 (2.6 = 0.8 vs. 3.4 = 1.0
pg/mL, p = 0.002), and higher cortisol (17.5 *
5.0 vs. 13.2 + 4.1 pg/dL, p < 0.001), prolactin
(18.0 £ 6.1 vs. 135 + 4.8 ng/mL, p = 0.001),
IL-6 (4.8 £ 1.6 vs. 2.1 £ 0.9 pg/mL, p < 0.001),
TNF-o (12.8 £ 4.3 vs. 8.5 £ 3.0 pg/mL, p <
0.001), and IL-1B (3.2 £ 1.0 vs. 1.8 £ 0.7 pg/mL,
p < 0.001) compared to controls. Patients
showed moderate to severe HAM-D scores,
confirming clinically significant depressive
symptoms. Oxytocin correlated negatively with
HAM-D scores (r = -0.53, p < 0.05) and pro-
inflammatory cytokines. ROC analysis showed
oxytocin (AUC = 0.82) and IL-6 (AUC = 0.85)
had the highest diagnostic accuracy.
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Conclusion:  The study  suggests
downregulated  oxytocin, up-regulated pro-
inflammatory cytokines and HPA-axis activation
in chronic depression. Oxytocin and IL-6 could
be used as potential biomarkers of MDD,
reflecting neuroendocrine-immune imbalance.

Keywords: Major Depressive Disorder;
Oxytocin; Inflammatory Cytokines; HPA Axis.

Introduction

Major depressive disorder (MDD) is a prevalent psychiatric condition worldwide, defining an
illness with chronic low mood, anhedonia, cognitive impairment and disability in daily
functioning (1). Over time, classic monoamine hypotheses of depression have broadened to more
elaborate neuroendocrine and immunological systems, particularly involving alterations in stress
response and inflammatory signaling (2,3). High levels of pro-inflammatory cytokines, such as
IL-6, TNF-a, or IL-1B have been found to be frequently present in patients with depression, and
this immune activation seems to be associated with severity of symptoms and poor response to
“traditional” antidepressants (3,4). These results support the “cytokine hypothesis™ of depression,
which proposes that chronic low-grade inflammation plays a role in the development and
continuation of depressive symptoms (5). Oxytocin, a neuropeptide produced endogenously
primarily in the hypothalamus, has been most widely recognized for its involvement in social
bonding, reproduction and affiliate behavior (6). Yet, increasing evidence suggests that oxytocin
also has the capacity to regulate neuroendocrine stress circuits and immune system functioning
(7,8). Oxytocin receptors (OXTR) are expressed not only in brain areas implicated in emotional
regulation, but also on immune cells and components of the hypothalamic—pituitary—adrenal
(HPA) axis, therefore potentially allowing oxytocin to act as a regulator of psychological as well
as physiological stress responses (8,9). Experimental data provides some evidence for an
anti-inflammatory potential: oxytocin can inhibit pro-inflammatory cytokine production and
reduce the activation of microglia and astrocytes (10), which may have relevance to affective
disorders. Despite this appealing mechanistic model, studies of peripheral oxytocin levels in
humans with depression have produced mixed results, including some that found no group
differences relative to healthy controls and others that found context-sensitive relationships with
symptom profiles (11). In addition, the majority of clinical studies have not examined oxytocin
in conjunction with extensive immune markers and therefore we lack an understanding of how
oxytocin may mediate systemic inflammatory responses in MDD (11,12). Despite the animal
evidence and reviews explaining the theoretical relationships among oxytocin, immune
dysregulation, and depressive symptoms, there is limited integrated clinical research that
systematically investigates these links in humans (8,12,13). Thus, the study of how oxytocin
levels are related to systemic inflammation in MDD patients, as compared to HC individuals
and data already corrected for known inflammatory cytokines, clearly remains a research need.
The aim of the current study was to examine the relationship between plasma oxytocin levels and
systemic inflammatory markers in MDD patients relative to healthy subjects.

Materials & Methods
Study Design and Participants

This case—control study was carried out in Azadi Teaching Hospital, Kirkuk, Iraq between
February 2025 to June 2025 that included 87 patients with MDD and the same number of age
and sex matched healthy controls (HC). MDD was diagnosed by psychiatrists based on the
DSM-5 criteria, and 17-item Hamilton Depression Rating Scale (HAM-D) was used to rate the
severity of depressive symptoms. Demographic and lifestyle information, including age, sex,
body mass index (BMI), smoking status, marital status, and education level, was collected using
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structured questionnaires. All participants provided written informed consent.
Exclusion Criteria

Patients with chronic inflammatory or autoimmune diseases, recent infections, immune- or
hormone-modulating drugs use, pregnancy or breast-feeding and other psychiatric disorders were
excluded to obtain hormonal and inflammatory measures reflecting MDD in particular.

Sample Collection

Five milliliters of venous blood were collected in the morning after an overnight fast; samples
were allowed to clot at room temperature for 30min and centrifuged at 3000 x g for 10min.
Serum was aliquoted and stored at —80°C prior to analysis.

Measurement of Oxytocin and Cytokines

The levels of serum OT and inflammatory cytokines (IL-6, TNF-o, IL-1B and IL-10) and
hormones (cortisol, prolactin) were detected by ELISA kits purchased from Sunlong Biotech
(China). Samples and standards underwent 30 minutes’ incubation at 37°C, then HRP-
conjugated detection antibodies included, chromogen substrate (TMB) added and stop solution
added. Absorbance was measured at 450 nm, and the concentrations were calculated with
standard curves.

Statistical Analysis

The analysis of differences between patients and controls was applied an independent t-test, and
to assess relationship between oxytocin and cytokine levels, Pearson correlation coefficient were
used. For diagnostic test, the ROc curve analysis was used to assess the performance of OXT
and inflammatory markers. P<0.05 was regarded as statistically significant (14,15).

Results
Demographic and Clinical Characteristics

The demographic and clinical characteristics of the study participants are summarized in Table 1.
The age distribution was similar between patients with major depressive disorder (MDD) and
healthy controls: 12 (13.8%) vs. 10 (11.5%) participants aged 18-24, 25 (28.7%) vs. 24 (27.6%)
aged 25-34, 20 (23.0%) vs. 22 (25.3%) aged 35-44, 18 (20.7%) vs. 19 (21.8%) aged 45-54, and
12 (13.8%) vs. 12 (13.8%) aged >55 years (all p > 0.05). Sex distribution was balanced, with 38
(43.7%) males and 49 (56.3%) females in the patient group compared to 40 (46.0%) males and
47 (54.0%) females in controls (p = 0.70). BMI categories were comparable: underweight 5
(5.7%) vs. 6 (6.9%), normal weight 35 (40.2%) vs. 38 (43.7%), overweight 28 (32.2%) vs. 26
(29.9%), and obese 19 (21.8%) vs. 17 (19.5%) (all p > 0.05). Similarly, smoking status (Yes: 25
[28.7%] vs. 22 [25.3%]; No: 62 [71.3%)] vs. 65 [74.7%]), marital status (Married: 55 [63.2%)] vs.
50 [57.5%]; Single: 32 [36.8%] vs. 37 [42.5%], and education levels (Primary: 20 [23.0%] vs. 18
[20.7%]; Secondary: 45 [51.7%] vs. 47 [54.0%]; Tertiary: 22 [25.3%] vs. 22 [25.3%]) did not
differ significantly between groups, indicating that the groups were well matched
demographically. In contrast, HAM-D scores differed significantly between groups. Among
patients, 15 (17.2%) had mild, 35 (40.2%) moderate, and 37 (42.5%) severe depressive
symptoms, whereas in healthy controls, 80 (92.0%) had mild, 7 (8.0%) moderate, and none had
severe symptoms (p < 0.001), confirming the clinical distinction between MDD patients and
healthy controls.

Table 1. Demographic and Clinical Characteristics of Study Participants

- MDD Patients (n = Healthy Controls (n = p-
Characteristic Category 87) 87) value
18-24 12 (13.8%) 10 (11.5%) 0.65
Age (years) 25-34 25 (28.7%) 24 (27.6%) 0.88
3544 20 (23.0%) 22 (25.3%) 0.72
45-54 18 (20.7%) 19 (21.8%) 0.85
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>55 12 (13.8%) 12 (13.8%) 1.00
Sex Male 38 (43.7%) 40 (46.0%) 0.70
Female 49 (56.3%) 47 (54.0%) 0.70
<18.5 (Underweight) 5 (5.7%) 6 (6.9%) 0.78
18.5-24.9 (Normal) 35 (40.2%) 38 (43.7%) 0.62
2
BMI (kg/m?) (O\Z/Z’r V\ngight) 28 (32.2%) 26 (29.9%) 0.65
>30 (Obese) 19 (21.8%) 17 (19.5%) 0.70
Smoking Yes 25 (28.7%) 22 (25.3%) 0.60
Status No 62 (71.3%) 65 (74.7%) 0.60
Marital Married 55 (63.2%) 50 (57.5%) 0.70
Status Single 32 (36.8%) 37 (42.5%) 0.68
Education Primary 20 (23.0%) 18 (20.7%) 0.65
Level Secondary 45 (51.7%) 47 (54.0%) 0.75
Tertiary 22 (25.3%) 22 (25.3%) 1.00
HAM-D Mild (8-16) 15 (17.2%) 80 (92.0%) <0.001
Score Moderate (17-23) 35 (40.2%) 7 (8.0%) <0.001
Severe (>24) 37 (42.5%) 0 (0.0%) <0.001

Hormonal Parameters in MDD Patients and Healthy Controls

Patients with MDD exhibited significantly lower oxytocin levels (3.5 + 1.2 pg/mL) compared to
controls (5.2 + 1.5 pg/mL, p < 0.001). Both cortisol (17.5 £ 5.0 vs. 13.2 + 4.1 pg/dL, p < 0.001)
and prolactin (18.0 £ 6.1 vs. 13.5 £ 4.8 ng/mL, p = 0.001) were elevated in the patient group,
reflecting HPA-axis dysregulation and neuroendocrine alterations in depression, Table 2.

Table 2. Serum Hormonal Levels (Oxytocin, Cortisol, Prolactin) in Study Participants

Parameter MDD Patients (n = 87) | Healthy Controls (n = 87) | p-value
Oxytocin (pg/mL) 35+1.2 5215 <0.001
Cortisol (ug/dL) 175+5.0 13.2+4.1 <0.001
Prolactin (ng/mL) 18.0+6.1 13.5+4.38 0.001

Inflammatory Cytokines in MDD Patients and Healthy Controls

Pro-inflammatory cytokines IL-6 (4.8 + 1.6 vs. 2.1 + 0.9 pg/mL, p < 0.001), TNF-a (12.8 + 4.3
vs. 8.5 = 3.0 pg/mL, p < 0.001), and IL-1B (3.2 = 1.0 vs. 1.8 = 0.7 pg/mL, p < 0.001) were
significantly elevated in MDD patients. Conversely, the anti-inflammatory cytokine IL-10 was
lower in patients (2.6 £ 0.8 vs. 3.4 = 1.0 pg/mL, p = 0.002), indicating a shift towards a pro-
inflammatory profile in depression, Table 3.

Table 3. Serum Inflammatory Cytokine Levels (IL-6, TNF-a, IL-1p, IL-10) in Study
Participants

Parameter MDD Patients (n = 87) | Healthy Controls (n = 87) | p-value
IL-6 (pg/mL) 48+1.6 21+0.9 <0.001
TNF-a (pg/mL) 12.8+4.3 8.5+ 3.0 <0.001
IL-1p (pg/mL) 3.2+1.0 1.8+0.7 <0.001
IL-10 (pg/mL) 2.6+0.8 3.4+1.0 0.002

Pearson Correlations

Pearson correlation analysis in MDD patients revealed a significant inverse relationship between
oxytocin and pro-inflammatory cytokines: IL-6 (r =-0.51, p < 0.05), TNF-a (r = -0.48, p < 0.05),
and IL-1B (r = -0.45, p < 0.05). Oxytocin was also negatively correlated with HAM-D scores (r =
-0.53, p < 0.05), indicating that lower oxytocin levels were associated with higher depression
severity. Conversely, cortisol and prolactin showed positive correlations with pro-inflammatory
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cytokines and HAM-D, reflecting HPA-axis hyperactivity. IL-10, an anti-inflammatory cytokine,
correlated positively with oxytocin (r = 0.39, p < 0.05) and negatively with cytokines and HAM-
D, supporting its protective role against inflammation and depressive symptoms, Table 4.

Parameter | Oxytocin | Cortisol | Prolactin | IL-6 | TNF-a | IL-1p | IL-10 | HAM-D
Oxytocin - -0.42* -0.35* | -0.51* | -0.48* | -0.45* | 0.39* | -0.53*
Cortisol -0.42* - 0.46* 0.55* | 0.52* | 0.50* | -0.33* | 0.58*
Prolactin -0.35* 0.46* - 0.41* | 0.38* | 0.36* | -0.29* | 0.42*

IL-6 -0.51* 0.55* 0.41*

- 0.67* | 0.64* | -0.40* | 0.61*

TNF-a -0.48* 0.52* 0.38* 0.67* - 0.70* | -0.36* | 0.59*
IL-1p -0.45* 0.50* 0.36* 0.64* | 0.70* - -0.34* | 0.57*
IL-10 0.39* -0.33* -0.29* | -0.40* | -0.36* | -0.34* -0.41*

HAM-D -0.53* 0.58* 0.42* 0.61* | 0.59* | 0.57* | -0.41* -

ROC Analysis

ROC analysis for both hormonal and cytokine parameters demonstrated that among hormones,
oxytocin had the highest discriminative ability between MDD patients and healthy controls
(AUC = 0.82, 95% CI 0.74-0.89, Cut-off 4.2 pg/mL, Sensitivity 78%, Specificity 75%, p <
0.001). Cortisol and prolactin also distinguished patients from controls with moderate accuracy.
Among cytokines, IL-6 (AUC = 0.85) and TNF-a (AUC = 0.83) were the most accurate in
differentiating MDD patients, while IL-10 showed a lower discriminative value (AUC = 0.70),
consistent with its anti-inflammatory role. These findings suggest that oxytocin and pro-
inflammatory cytokines may serve as potential biomarkers for MDD, combining neuroendocrine
and immune alterations, Table 5 & Figure 1.

Table 5. ROC Analysis of Hormonal and Cytokine Parameters for Discriminating MDD
Patients from Healthy Controls

Parameter Group AUC (95% CI) | Cut-off | Sensitivity (%) | Specificity (%0) p-value
Oxytocin (pg/mL) | Hormone | 0.82 (0.74-0.89) 4.2 78 75 <0.001
Cortisol (ug/dL) Hormone | 0.79 (0.71-0.87) 15.8 74 72 <0.001
Prolactin (ng/mL) | Hormone | 0.75 (0.67-0.83) 15.0 70 68 <0.001
IL-6 (pg/mL) Cytokine | 0.85 (0.78-0.91) 3.0 80 78 <0.001
TNF-a (pg/mL) Cytokine | 0.83 (0.75-0.90) 10.5 77 76 <0.001
IL-1B (pg/mL) Cytokine | 0.81 (0.73-0.88) 2.5 75 74 <0.001
IL-10 (pg/mL) Cytokine | 0.70 (0.61-0.79) 3.0 68 65 0.002
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Figure 1. ROC Analysis of Hormonal and Cytokine Parameters for Discriminating MDD
Patients from Healthy Controls.
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Discussion

The study showed a significant changes in hormonal and inflammatory factors in patients with
MDD compared to HC. In particular, oxytocin levels in the blood were lower in parallel to
higher cortisol and pro-inflammatory cytokines (IL-6, TNF-a, IL-18), pointing towards the
hypothesis of neuroendocrine-immune imbalance during depression. Our results on oxytocin are
congruent with those of Yuen et al., who also found significant reductions in plasma oxytocin
concentrations among depressed women compared to healthy controls, after controlling for
cortisol levels (16). This argues for oxytocin deficit as a contributor to abnormalities in both
social behavior and emotion regulation in MDD. Likewise, Thomas and Larkin (17) found that
cortisol and oxytocin were predictive of behavioral responses in depressive patients who
reported help-seeking intentions, thus pointing to the influence of ST hormones on social-
emotional behavior. They later demonstrated also that cognitive distortions in MDD are linked
with abnormal cortisol and oxytocin, indicating a mechanistic relationship between
neuroendocrine dysregulation and pathological cognition (18). Regarding inflammatory markers,
our findings are in agreement with previous evidence supporting a pro-inflammatory state of
MDD. Fan et al. observed increased TNF-a, IL-6 and IL-18 levels in depression subjects in
accordance with our results of cytokines (19). Roohi et al. highlighted the pivotal role of IL-6 in
the crosstalk between immune and neuroendocrine systems contributing to neuroinflammation
and depressive symptomatology (20). Liu et al. performed a cohort study in which they
demonstrated that higher levels of inflammatory cytokines are independently associated with
more severe depressive symptoms, supporting the concept that immune dysregulation is involved
in MDD pathology (21). Our result is also consistent with results in inflammation-related
diseases like rheumatoid arthritis where association between UA and depression was observed.
Mrda et al. have shown that the higher levels of TNF-a as well as IL-6 in RA patients are
associated with increased depressive scores, whereas Brock et al. reviewed immune pathways
connecting systemic inflammation with mood dysregulation (22, 23). Moreover, Raison et al.
indicated that the baseline inflammatory biomarkers were predictors of response to TNF-a
antagonists in TRD, and there are therapeutic implications for targeting inflammation in MDD
(24). Hess et al. further verified that TNF-a blockade decreases central nervous system pain
responses quickly, indicating the global modulatory effect of cytokines on neurobehavioral
aetiology (25). The role of inflammation, glucocorticoids and neuroendocrine axes is further
supported by other studies. Horowitz et al. described glucocorticoids as having a Janus-head in
depression, serving to interact with inflammatory cytokines to drive disease progression (26).
Cai et al. have demonstrated a high prevalence of suicidal ideation in patients with MDD that
may be attributed, at least partly, to inflammation and hormone disturbances (27). Draganov et
al. examined genetic and epigenetic polymorphisms of inflammatory genes that connect
individual susceptibility to treatment response in MDD (28). Interestingly both nutrition and
microbiome intervention can also effect these pathways. Zhang et al. revealed that fermented
milk with Lacticaseibacillus paracasei Strain Shirota ameliorated gastrointestinal and depressive
symptoms, indicating possible gut-brain-immune interactions (29). Finally, Davies et al.
demonstrated that interferon and anti-TNF treatments regulate amygdala reactivity, and this
reactivity is associated with both increasing and decreasing TSD symptoms, thereby reinforcing
the relationship between immune signaling and brain function (30).

Conclusions

Long-term depression (LTD) is characterized not only by lower oxytocin levels, but also by
high pro-inflammatory cytokines and overactivity of the HPA-axis, pointing to a bidirectional
interaction between neuroendocrine and immune dysregulation. Oxytocin and IL-6 were
observed to have the best discrimination properties for MDD and could potentially be used as
biomarkers in diagnosis, prognosis of MDD indicating that both systems (the neuroendocrine
system and the inflammation) may be relevant pathways involved in MDD.
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Study Limitations

limitations The study was single center (Azadi Teaching Hospital, Kirkuk, Iraq) based on small
numbers of patient population. The cross-sectional study design does not allow conclusion of
causality and only a limited number of hormones and cytokines was measured. Further
independent, multicenter and longitudinal studies are necessary to validate these observations
and investigate other biomarkers.
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