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Background: Depression represents a serious psychiatric disorder globally, imposing significant burdens on patients’daily lives. 
Numerous hypotheses including the inflammatory hypothesis. Changes in inflammatory factors within the bodies of individuals with 
depression may represent a key biological mechanism. Multiple clinical investigations have demonstrated that pro-inflammatory 
cytokine levels in the peripheral blood of depressed patients are markedly higher than in healthy controls, with the degree of elevation 
in these inflammatory markers positively correlating with the severity of depressive symptoms. We shall examine changes in specific 
pro-inflammatory and anti-inflammatory factors.
Method: We employed the enzyme-linked immunosorbent assay (ELISA) to detect inflammatory cytokine levels in subject’s serum 
samples. Clinical symptoms were assessed using the Childhood Trauma Questionnaire (CTQ), the 17-item Hamilton Depression 
Rating Scale (HAMD-17), and the Quick Inventory of Depressive Symptomatology (Self-Rating) (QIDS-SR16).
Results: Compared to the healthy group, the depression group exhibited a significantly higher IFN-γ and IL-17 (p<0.05) and lower IL- 
4, MCP-1, MIP-1β, and IL-8 (p<0.05). Serum IL-4 levels showed significant positive correlations with HAMD-17 score (p=0.03), 
QIDS-SR 16 scores (p=0.009). IL-17 level was positively correlated with the QIDS-SR16 score (p=0.04). Several markers showed 
significant discriminatory power. IL-4 demonstrated the highest AUC of 0.72 (P < 0.01), with a sensitivity of 87.10% and specificity of 
51.61%, indicating a moderate predictive value for depression.
Conclusion: The distinct inflammatory profile—characterized by elevated IFN-γ/IL-17 and reduced IL-4/MCP-1/IL-8/MIP-1β—in 
first-episode MDD patients underscores the role of immune imbalance in early depression pathophysiology. The strong association of 
IL-4 with symptom severity and its high sensitivity for disease identification highlight its potential as a valuable clinical biomarker. 
These findings support further investigation into immune-based stratification of MDD patients, which could pave the way for more 
personalized diagnostic and therapeutic strategies targeting specific inflammatory pathways”.
Keywords: depression, inflammatory cytokine, IL-4, IL-17, MDD

Introduction
Depression is a common mental disorder characterized by a range of symptoms, including low mood, anhedonia, fatigue, 
anxiety, irritability, insomnia, appetite changes, and suicidal ideation. These symptoms severely impact patients’ health 
and quality of life. According to the Global Burden of Disease study, depression ranks among the top ten most disabling 
conditions worldwide in terms of years lived with disability (YLDs).1 With a global lifetime prevalence of approximately 
10%–15%, it stands as the leading cause of YLDs globally.
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The inflammatory hypothesis of depression has progressively emerged as a significant theoretical framework for 
elucidating its pathological mechanisms. This hypothesis posits that chronic low-grade inflammatory responses, by 
activating both central and peripheral immune systems, induce neurotransmitter metabolic disturbances, impaired neural 
plasticity, and dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, thereby promoting the onset and main
tenance of depressive disorders.2,3 Specifically, pro-inflammatory cytokines such as interleukin-6 (IL-6), tumour necrosis 
factor-α (TNF-α) and C-reactive protein (CRP) are significantly elevated in the peripheral blood of patients with 
depression, with their levels positively correlated with disease severity.4,5 Inflammatory cytokines may promote 
a metabolic shift from tryptophan towards kynurenine by activating the indoleamine 2,3-dioxygenase (IDO) pathway, 
thereby reducing serotonin (5-HT) synthesis whilst generating neurotoxic kynurenine metabolites, leading to neuronal 
dysfunction.6 Persistently elevated peripheral pro-inflammatory factors (IL-6, TNF-α, CRP) may cross the compromised 
blood-brain barrier into the central nervous system, activating microglia, inducing neurotransmitter depletion and HPA 
axis hyperactivity, ultimately leading to depressed mood and cognitive impairment.7,8 Depression arises from the 
combined effects of genetic susceptibility and environmental stressors, leading to multisystem dysregulation. At the 
molecular level, reduced levels of monoamine neurotransmitters, such as serotonin and dopamine, are associated with 
sustained activation of the hypothalamic-pituitary-adrenal (HPA) axis. This activation triggers persistent cortisol secre
tion, which can damage the hippocampus and prefrontal cortex, thereby impairing memory, attention, and emotional 
regulation.9 Furthermore, recent studies have revealed that chronic low-grade inflammation and reduced levels of the 
neurotrophic factor BDNF,10 further inhibit neuroplasticity, potentially trapping emotional circuits in a negative feedback 
loop. Additionally, psychosocial factors—such as negative cognition and lack of social support—act as exacerbating 
factors, interacting bidirctionally with these biological alterations to ultimately trigger clinically observable depressive 
episodes. The monoamine neurotransmitter imbalance hypothesis remainsthe predominant framework in current clinical 
antidepressant drug development. However, approximately half of patients fail to achieve sustained remission after 
standardized treatment, suggesting that the underlying pathological mechanisms extend beyond monoaminergic system 
dysfunction.11 This has directed attention to the role of Inflammation in the pathophysiology of major depressive disorder 
(MDD).12 Over the past two decades, the “depression-inflammation hypothesis” has gained support, demonstrating that 
peripheral and central immune activation can induce depressive-like behaviors viamechanismsincluding the tryptophan- 
kynurenine pathway, HPA axis hyperactivation, and impaired neuroplasticity.10 Notably, the hypothalamic-pituitary- 
adrenal (HPA) axis is activated during inflammatory responses, with cytokines such as IL-1, IL-6, and tumor necrosis 
factor (TNF) playing key roles in this circuit.13 In a subset of depressed patients, this immune dysregulation is evidence, 
characterized by elevated levels of inflammatory mediators includingIL-6, CRP, IL-1β, and TNF-α.14 Furthermore, an 
earlier study demonstrated that depression severity correlates with inflammatory markers levels and may even exhibits 
a dose-response relationship.15 This inflammatory process is dynamically regulated by a network of pro- and anti- 
inflammatory factors; however, the specific roles of different factors across disease stages, symptom dimensions, and 
treatment responses remain unclear, presenting a critical bottleneck for current research.16 Although previous studies 
have separately reported alterations in MCP-1 (CCL2) or IL-8 (CXCL8) in depression, there remains a lack of research 
combining the detection of CC-type chemokines (CCL2, CCL4, CCL5) with CXC-type chemokines (CXCL8), particu
larly studies synchronising this analysis with Th1/Th2/Th17 cytokines and growth factors within the same cohort. 
Therefore, this study will systematically examine the co-expression profiles of the aforementioned chemokines and 
immunomodulatory factors to investigate their potential synergistic effects in depression. Based on the inflammation 
hypothesis of depression and the contradictory phenomena observed in previous research analyses, the study aimed to 
investigate differences in inflammatory cytokine levels between patients with first-episode, untreated depression and 
healthy controls, and to assess their correlation with clinical symptoms. Specifically, we verified the following hypoth
esis: Certain cellular inflammatory mediators exhibit elevated or reduced levels in individuals with depression. These 
mediators correlate with depressive symptoms and may predict the onset of depression. By quantifying the dose-response 
relationship between inflammatory markers and clinical symptoms, this study elucidates the pathways through which 
biological factors contribute to the pathogenesis of psychosocial stress, offering new insights into the mechanisms of 
mind-body interaction.
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Materials and Methods
Study Participate
The study enrolled patients who met the following criteria: (1) a diagnosis of major depressive disorder according to the 
DSM-5 criteria;17 Through comprehensive clinical interviews, combined with DSM-5 diagnostic criteria, we identified 
patients meeting the criteria for major depressive disorder; (2) no history of any antidepressant or anti-inflammatory 
therapy; (3) availability of complete clinical data. Key exclusion criteria included the presence of concurrent malignant 
tumors, severe infectious diseases, significant dysfunction of vital organs (eg, cardiopulmonary), cerebral hemorrhage, or 
other organic brain lesions. All participants were fully informed about the study procedure and provided written informed 
consent prior to enrollment.

General Information
This study employed a case-control design. We enrolled patients meeting the criteria for first-episode, treatment-naive 
depression from Hefei Fourth People’s Hospital between 2023 and 2025. A total of 62 participants were included, Aged 
18 to 65 years old, comprising 31 patients with major depressive disorder (12 males, 19 females) and 31 healthy controls 
(13 males, 18 females). All participants provided written informed consent. The study protocol was approved by the 
Ethics Committee of Hefei Fourth People’s Hospital, The trial registration number was HFSY-IRB-YJ-KYXM-CL 
(2024–064-001).

Methods
Data Collection
Sociodemographic data, including height, weight, age, and gender, were collected from participants (both patients and 
healthy controls).

Measurement of Serum Inflammatory Markers Using the ELISA
Venous blood samples (5mL each) were collected using all participants using vacuum blood collection tubes. After 
collection, the samples were allowed to clot at room temperature for 30 minutes and then centrifuged at 2000 rpm for 
10 minutes. The serum was aliquoted and stored at −80°C until subsequent analysis. The serum levels of the following 
inflammatory markers were quantified using enzyme-linked immunoscorbent assay (ELISA) according to the manufac
turers’ protocols: IFN-γ, IL-17, IL-4 (Th2 cytokines), MCP-1 (CC chemokine: CCL2), MIP-1β (CC chemokine: CCL4), 
IL-8 (CXC chemokine: CXCL8), TNF-α (tumor necrosis factor), IL-2 (T-cell growth factor), IL-1β (pro-inflammatory 
factor), IL-13 (Th2 cytokine), RANTES (CC chemokine: CCL5), VEGF (vascular endothelial growth factor), and PDGF- 
BB (platelet-derived growth factor).

Assessment
Clinical symptoms were assessed using the following scales: the 17-item Hamilton Depression Rating Scale 
(HAMD-17), the Childhood Trauma Questionnaire (CTQ), the Hamilton Anxiety Rating Scale (HAMA), and the 
16-item Quick Inventory of Depressive Symptomatolgy (Self-Report) (QIDS-SR16). The HAMD-17 assesses 
severity across several domains:core depression factors, anxiety/agitation factors, sleep disturbance factors, and 
somatic symptoms. Depressive symptoms in patients who have experienced childhood trauma represent a common 
trauma response. We employed the Childhood Trauma Scale to assess the relationship between their trauma and 
depressive symptoms.17 The CTQ evaluates five types of childhood trauma: Emotional Abuse (EA), Physical Abuse 
(PA), Sexual Abuse (SA), Emotional Neglect (EN), and Physical Neglect (PN). Individuals with depression 
frequently experience comorbid anxiety symptoms, and sleep disturbances are common throughout the course of 
the illness.18 The HAMA is used to measure anxiety severity, includes core depression factors, anxiety factors, 
sleep disturbance factors, and somatic nutrition factors; The QIDS-SR16 covers multiple symptom dimensions: 
sleep disturbance dimension, vegetative/physicalsymptoms, affective-cognitive symptoms, and psychomotor 
changes.
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Statistical Analysis
Data analysis was performed using SPSS 27.0 (IBM, USA). Continuous data are presented as mean ± standard deviation 
for normally distributed variables or as median (interquartile range) for nonnormally variables (See Tables 1 and 2 for 
details). Intergroup comparisons of inflammatory factors between the experimental and control groups were conducted 
using the non-parametric U-test (See Figure 1 for details). Employing Spearman correlation analysis to examine the 
relationship between specific inflammatory markers and clinical scores (See Figure 2 for details). The diagnostic utility of 
serum inflammatory factors for depression severity was evaluated by operating characteristic (ROC) curves (See Table 3 
and Figure 3 for details). Figures were generated using GraphPad Prism (GraphPad Software, USA). A two-sided p-value 
of less than 0.05 was considered statistically significant. The results of sensitivity and specificity adjusted for the 
sociodemographics or other factors. The ROC curves to evaluate the diagnostic utility of serum inflammatory factors 
for depression severity were generated using the standard non-parametric method (also known as the empirical method). 
The key steps were as follows: 1. Outcome: Depression severity was binarized using a clinical cutoff on the [eg Hamilton 

Table 1 Comparison of Demographic Characteristics, Inflammatory Cytokine Levels Among All Participants

Project Experimental Group (Depression Group)  
[M(Q1, Q3)] (n=31)

Control Group (Healthy Group)  
[M(Q1, Q3)] (n=31)

t/χ2/U P

Gender (Male/Female) 13/18 12/19 1.032 0.310

Age 30 (23, 34) 26 (23, 35) 471.500 0.899
IFN-γ 3.55 (3.05, 6.51) 3.05 (2.74, 3.76) 340.50 0.048*

MIP-1β 179.43 (171.82, 191.48) 187.37 (175.58, 195.67) 340.50 0.048*

TNF-α 27.02 (22.11, 28.42) 24.43 (20.06, 28.42) 460.00 0.769
RANTES 1870.00 (1791.00, 2084.00) 1830.00 (1752.00, 1911.00) 347.50 0.060

IL-2 2.79 (2.27, 2.79) 2.79 (2.27, 2.79) 444.50 0.595

IL-1β 1.08 (1.08, 1.48) 1.28 (1.08, 11.48) 365.00 0.083
VEGF 2.47 (1.56, 2.47) 1.56 (1.56, 3.76) 409.50 0.300

PDGF-BB 642.36 (495.33, 815.19) 506.17 (390.31, 656.43) 350.50 0.067

IL-13 0.74 (0.45, 0.74) 0.58 (0.45, 0.74) 456.50 0.726
IL-4 2.67 (2.15, 3.32) 3.39 (2.73, 3.95) 273.00 0.003*

MCP-1 8.27 (5.85, 10.72) 10.72 (9.02, 13.31) 314.50 0.019*

IL-8 2.81 (1.96, 3.76) 3.40 (2.35, 5.62) 318.00 0.022*
IL-17 4.86 (4.34, 5.67) 4.34 (4.08, 5.39) 310.00 0.014*

Note: *p<0.05.

Table 2 Comparison of Clinical Data Among All Participants

Project Experimental Group (Depression Group)  
[x ±s] (n=31)

Control Group (Healthy Group)  
[x ±s] (n=31)

t/χ2/U P

HAMD 

HAMA

20.29±4.28 

21.71±7.161

– – –

QIDS-SR16 15.87±4.79 – – –

CTQ

All 54.03±9.88 – – –
EA 10.81±5.01 – – –

PA 9.74±3.28 – – –

SA 5.77±2.45 – – –
EN 15.52±4.87 – – –

PN 12.19±3.32 – – –

Abbreviations: CTQ, Childhood Trauma Questionnaire; HAMD-17, the 17-item Hamilton Depression Rating Scale; QIDS-SR16, Quick Inventory of 
Depressive Symptomatology (Self-Rating); EA, Emotional Abuse; PA, Physical Abuse; SA, Sexual Abuse; EN, Emotional Neglect; PN, Physical Neglect.
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Figure 1 Comparative analysis of inflammatory markers between the depression group and the healthy control group. 
Notes: *P<0.05, **P<0.01. 
Abbreviations: HC, healthy; MDD, major depression disorder.
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Depression Rating Scale]. 2. Analysis: For each inflammatory factor (treated as a continuous predictor), we plotted the 
true positive rate (sensitivity) against the false positive rate (1 − specificity) across all its observed concentration values. 
The Area Under the Curve (AUC) and its 95% confidence interval were calculated directly from this empirical curve. 3. 
Optimal Cut-off, Sensitivity, and Specificity: The optimal diagnostic cut-off concentration for each biomarker was 
selected as the value that maximized Youden’s Index (J = Sensitivity + Specificity − 1). The sensitivity and specificity 
reported correspond to this optimal threshold. 4. Software: This analysis was performed using GraphPad Prism 9.

Results
Demographic and Clinical Characteristics of All Subjects
The demographic and clinical characteristics of all participants are summarized in Tables 1 and 2. A total of 31 patients 
with depression and 31 healthy controls were included in this study. No significant differences were observed in age or 
gender between the two groups (P > 0.05).

Inflammatory Cytokine Concentrations
Compared to the healthy control group, the depression group exhibited a significantly higher IFN-γ and IL-17 (p<0.05) 
and lower IL-4, MCP-1, MIP-1β, and IL-8 (p<0.05). In contrast, no significant differences were found in the levels of 
TNF-α, IL-2, IL-1β, IL-13, RANTES, VEGF, and PDGF-BB between the two groups (all P > 0.05; Figure 1).

Correlation Between Inflammatory Cytokine Levels and Depression Symptoms
Spearman correlation analysis revealed significant positive correlation between specific inflammatory markers and 
clinical scores. Serum IL-4 levels showed significant positive correlations with HAMD-17 score (p=0.03), QIDS-SR 
16 scores (p=0.009). Similarly, IL-17 level was positively correlated with the QIDS-SR16 score (p=0.04). Several 
markers showed significant discriminatory power.

To further investigate these relationships, linear regression analysis were performed. IL-4 was significant positive 
predictor of the HAMD-17 score (β = 0.389, p = 0.03, standardized coefficient = 2.14), accounting for 15.1% of the 
variance (adjusted R2 = 0.151), IL-4 was also a significant positive predictor of the QIDS-SR16 score (β = 0.464, p = 
0.009, standardized coefficient = 2.86), explaining 22% of variance (adjusted R2 = 0.22). Furthermore, IL-17 was 
a significant positive predictor of the QIDS-SR16 (β = 0.452, p = 0.04, standardized coefficient = 1.93), explaining 13% 
of the variance (adjusted R2 = 0.13). These results support the hypothesis that IL-4 and IL-17 influence depressive 
symptomatology. See Figure 2 for details.

Diagnostic Value of Inflammatory Cytokines for Depression
The diagnostic potential of serum inflammatory cytokines for depression was evaluated using receiver operating 
characteristic (ROC) curve analysis, with disease status as the state variable. Key performance metrics, including the 
area under the curve (AUC), sensitivity, specificity, and Youden’s index, are summarized in Table 3. Several markers 
showed significant discriminatory power. IL-4 demonstrated the highest AUC of 0.72 (P < 0.01), with a sensitivity of 
87.10% and specificity of 51.61%, indicating a moderate predictive value for depression. Other significant markers 
included MCP-1 (AUC = 0.67, P = 0.02), IL-8 (AUC = 0.67, P = 0.02), IL-17 (AUC = 0.68, P = 0.02), IFN-γ (AUC = 
0.65, P = 0.04), and MIP-1β (AUC = 0.65, P = 0.04). See Figure 3 for details.

The novelty of our work lies in three key aspects: First, by focusing on first-episode, medication-naïve patients, we 
captured the intrinsic immune profile at depression onset, free from chronicity or treatment confounders. Second, we 
identified a distinct and somewhat counterintuitive signature—elevated IFN-γ/IL-17 co-occurring with reduced IL-4 and 
key chemokines—supporting the concept of an immune-dysregulated subtype beyond simple “inflammation”. Third, we 
highlight IL-4’s dual role as both a sensitive diagnostic marker (87.1% sensitivity) and a severity correlate, underscoring 
its unique translational potential for patient stratification.
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Figure 2 Correlation between specific inflammatory markers and clinical scores. (A) Correlation analysis between IL-4 levels and HAMD-17 scores. Pink triangles denote 
individual sample data points, the pink line represents the linear regression fit, and the green area indicates the 95% confidence interval for the fit. The regression equation is 
y = 2.14x + 14.40, with R2 = 0.15 and P = 0.03. (B) Correlation analysis between IL-4 levels and QIDS-SR16. Pink triangles denote individual sample data points, the pink line 
represents the linear regression fit line, and the green area indicates the 95% confidence interval for the fit line. The regression equation is y = 2.86x + 8.01, R2 = 0.22, P = 
0.009. (C) Correlation analysis between IL-17 levels and QIDS-SR16. Pink triangles denote individual sample data points, the pink line represents the linear regression fit line, 
and the green area indicates the 95% confidence interval for the fit line. The regression equation is y = 1.93x + 6.81, R2 = 0.13, P = 0.04. 
Abbreviations: HAMD-17, the 17-item Hamilton Depression Rating Scale; QIDS-SR16, Quick Inventory of Depressive Symptomatology (Self-Rating).
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Discussion
Our findings add to the growing yet complex literature on immune dysregulation in MDD. The observed elevation of the 
pro-inflammatory cytokines IFN-γ and IL-17 in our cohort of first-episode, unmedicated patients aligns with a substantial 
body of evidence supporting the inflammatory hypothesis of depression. Peripheral inflammatory mediators can influence 
the central nervous system by crossing the blood-brain barrier or the vagus nerve, thereby participating in the pathology 
of depression.19 For instance, the elevated Th1/Th17 profile we observed is consistent with recent studies and meta- 
analyses reporting increased IFN-γ and IL-17 in MDD patients, linking them to neuroinflammation and HPA axis 
dysregulation.20–22 A 2023 review article also indicated that individuals with first-episode depression exhibit autoimmune 
hyperactivation, characterised by elevated serum IL-17 levels, which positively correlate with Hamilton Depression 
Rating Scale (HAMD) score.21 This consistency strengthens the notion that a pro-inflammatory shift is a relevant 
biological feature in at least a subset of patients during the acute, untreated phase of illness.

However, our results regarding IL-4, MCP-1, MIP-1β, and IL-8 appear to contradict several previous reports. While 
many studies describe elevated levels of these mediators in depression, we found them to be significantly lower in 
patients compared to healthy controls. This discrepancy is not without precedent. Our findings are congruent with studies 
by Myung et al23 and Proma et al,24 who also reported reduced MCP-1 in depression, suggesting a potential association 
with the neuroprotective functions of neurotrophic factor.25,26 This contradiction likely stems from critical methodolo
gical and phenotypic heterogeneity across studies. Key factors include: (1) clinical heterogeneity: Depression is not 
a unitary disorder. The “low-inflammation” subtype hypothesis, as suggested by Iob et al27 may explain our findings. In 
this subtype, chronic HPA axis hyperactivity and elevated cortisol could suppress the production of certain chemokines 
and anti-inflammatory cytokines via glucocorticoid-mediated pathways,28 Researchers have observed that serum MCP-1 
levels in patients with major depressive disorder (MDD) are significantly lower than in healthy controls and negatively 
correlated with HAMD scores,24 potentially reflecting chronic stress-induced hyperactivation of the HPA axis. Our 
sample of first-episode, treatment-naïve patients might be enriched for such a subtype; (2) Methodological Variations: 
Differences in assay sensitivity, sample processing, and the timing of blood collection (given the circadian rhythm of 

Table 3 ROC Curve Assessment of the Diagnostic Potential of Serum 
Inflammatory Cytokines for Depression

Indicator Sensitivity Specificity Yorden Index AUC P

IFN-γ 32.26% 93.55% 124.81 0.65 0.04

MCP-1 64.52% 70.97% 134.49 0.67 0.02

IL-4 87.1% 51.61% 137.71 0.72 <0.01
MIP-1β 70.97% 61.29% 131.26 0.65 0.04

IL-8 80.65% 48.39% 128.04 0.67 0.02

IL-17 64.52% 70.97% 134.49 0.68 0.02

Figure 3 ROC curve for predicting onset in the depression group using inflammatory markers.
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cytokine29) can significantly influence measured levels; (3) confounding comorbidities: As highlighted by Dias et al30 

conditions like metabolic syndrome or diabetes can be primary drivers of inflammation. The absence of such comorbid
ities in our relatively young cohort could result in a different inflammatory profile compared to studies of older or 
comorbid populations.

The significant positive correlation between IL-4 and depression severity scores, despite its lower absolute level, 
presents a particularly intriguing finding. It suggests that within the depressed state, even a relative deficiency of this anti- 
inflammatory, neuroprotective cytokine is functionally linked to symptom burden. This aligns with mechanistic studies 
showing IL-4 is critical for promoting resilience through microglia-mediated BDNF release and neurogenesi.31 Zhang J’s 
study indicate that IL4-driven, Arg1-highly-expressed microglia regulate adult neurogenesis in the hippocampal dentate 
gyrus. Reducing IL4 receptor on microglia decreases Arg1+ microglia, thereby inhibiting neurogenesis and increasing 
stress susceptibility; conversely, enhancing IL4 signaling amplifies this cell population, restoring neurogenesis and 
antidepressant capacity. Mechanistically, IL-4-Arg1+ microglia promote neurostem cell proliferation and differentiation 
by secreting BDNF, thereby alleviating chronic stress-induced depressive-like behavior,31 In a rat model of depressive- 
like behavior, IL-4 was found to suppress IL-1β-induced central glial activation and neurotransmitter alterations, thereby 
modulating, depressive behavior. IL-4 reduced central and systemic inflammatory activation while reversing IL-1β- 
induced neurotransmitter changes, suggesting this pathway may be therapeutically effective against IL-1β-induced 
depressive behavior and neuroinflammation.32 Additionally, the expression of IFN-γ in depression appears complex 
and context-dependent. For instance, in a chronic restraint stress-induced depressive rat model, IFN-γ expression was 
decreased in thyroid tissue—a trend distinct from other inflammatory factors—indicating potentially different regulatory 
mechanisms across tissues.33 This biphasic shift may be associated with disease stage and treatment response. During the 
acute phase, untreated MDD patients predominantly exhibit a Th1-dominant inflammatory profile, where IFN-γ exacer
bates serotonin depletion and neurotoxicity by activating indoleamine 2,3-dioxygenase (IDO) and the glutamate- 
kynurenine pathway, thereby worsening symptoms.34 In contrast, during chronic stress or following pharmacological 
intervention, the immune may shifts toward Th2 dominance, and a decrease in IFN-γ levels can be regarded as an 
indicator of successful antidepressant treatment.35 Nonetheless, other studies have observed a potential decrease in IFN-γ 
levels among depressed patients,36 highlighting the heterogeneous dynamics of t IFN-γ in depression.

Potential Solutions and Future Directions: To reconcile conflicting findings and advance the field, future research 
must move beyond cross-sectional designs. Large-scale, longitudinal studies tracking patients from the first episode 
through treatment are essential. These studies should rigorously stratify patients based on potential subtypes (eg using 
clinical biomarkers like CRP or childhood trauma history) and strictly control for confounding factors (comorbidities, 
medication, circadian rhythm). Integrating multi-omics approaches with neuroimaging and detailed clinical phenotyping 
will help disentangle distinct biological pathways underlying depressive syndromes.

Policy and Clinical Implications: Our study underscores the critical need for a precision medicine approach in 
psychiatry. The heterogeneous nature of immune findings argues against a one-size-fits-all “anti-inflammatory” treatment 
for depression. Instead, healthcare policy should support the development and implementation of affordable biomarker 
panels to identify patients with specific immune profiles (eg “high IL-17” or “low IL-4”). This stratification can guide 
targeted interventions, such as selecting patients most likely to benefit from immunomodulatory therapies in clinical 
trials. Furthermore, our results reinforce the importance of managing systemic inflammatory conditions (eg obesity, 
diabetes) as part of comprehensive psychiatric care, as these comorbidities may fundamentally alter the pathophysology 
of depressive symptoms. Ultimately, integrating immune biomarkers into diagnostic and treatment frameworks holds 
promise for improving patient outcomes through more personalized and effective strategies.

Conclusion
In summary, individuals with depression exhibit reduced levels of the anti-inflammatory factor IL-4 compared to healthy 
individuals, while pro-inflammatory factor levels are relatively elevated and closely correlated with disease severity. This 
suggests that pro-inflammatory factors may constitute a key component in the pathogenesis of depression, suggesting 
they may represent a pivotal component in the pathogenesis of depression. Inflammatory responses not only influence 
central nervous system function through multiple pathways but may also contribute to the development of specific 
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subtypes (such as inflammatory depression) and affect treatment response. Consequently, inflammatory cytokines hold 
promise as important biomarkers for the diagnosis, classification, and efficacy assessment of depression. They also 
provide a theoretical basis for developing anti-inflammatory treatment strategies, thereby advancing the development of 
personalised precision medicine.
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