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Objective

Abnormal levels of blood cytokines have been demonstrated to be associated with both excess weight and major depressive disorder (MDD). However, few studies have addressed the direct effect of body mass index (BMI) on basal serum cytokines in individuals with first-episode drug-naïve MDD.



Methods

A total of 49 patients with first-episode drug-naïve MDD were categorized into normal weight (18.5 ≤ BMI < 25 kg/m2) and overweight (25 ≤ BMI < 30 kg/m2) groups according to WHO-criteria. The severity of depressive symptoms was assessed using the 24-items Hamilton Depression Scale (HAMD-24). A total of 37 cytokines were measured using Multiplex Luminex Assays. The scores of HAMD-24 and the levels of serum cytokines between normal weight group and overweight group were compared. Multiple linear regression analysis was performed to evaluate the association between abnormal serum cytokines levels and group after adjusting for HAMD-24 scores. The correlation between BMI and the scores of HAMD-24 and the levels of serum cytokines was evaluated using Pearson correlation analysis.



Results

The scores of HAMD-24 in overweight group were significantly higher than normal weight group (t = -2.930, P = 0.005). Moreover, the levels of IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1 in overweight patients with MDD were significantly higher than those in normal-weight patients with MDD (all P < 0.05). Furthermore, after adjustment for HAMD-24 scores, there was a significant correlation between abnormal serum cytokines levels (IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1) and group (all P < 0.05). Additionally, BMI was positively correlated to the serum levels of IL-1α (r = 0.428, P = 0.002), IL-3 (r = 0.529, P < 0.001), IL-6 (r = 0.285, P = 0.050), IL-10 (r = 0.423, P = 0.003), IL-12 (r = 0.367, P = 0.010), IL-15 (r = 0.300, P = 0.036), CXCL10 (r = 0.316, P = 0.030), TNF-α (r = 0.338, P = 0.021), and ICAM-1 (r = 0.440, P = 0.002) in MDD patients.



Conclusions

These results provide direct evidence, probably for the first time, that overweight may be associated with several serum cytokines in patients with first-episode drug-naïve MDD. The underlying mechanisms are unclear and require further investigation.
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Introduction

Depression and obesity often occur comorbidly, and their association has been reported repeatedly (1, 2). Several lines of evidence indicate a bidirectional relationship between depression and obesity. It has been reported that individuals with obesity are 32% more likely to experience depression compared with adults with normal weight (3) and vice versa, individuals with depression are 58% more likely to be obese compared with individuals without depression (4). Although the exact pathophysiological mechanism that links depression and obesity is yet to be fully elucidated, aberrant expression of cytokines in periphery is thought to be one of the comorbid mechanisms.

Many evidences confirmed a close relationship between cytokines and MDD. Recently, a cumulative meta-analysis reported higher levels of interleukin-6 (IL-6) and C-reactive protein (CRP) in patients with MDD compared to non-depressive individuals (5). Moreover, depressed patients who are resistant to conventional antidepressants had higher concentrations of peripheral blood levels of pro-inflammatory cytokines (6, 7). Furthermore, alterations in peripheral cytokine levels were reported to be associated with antidepressant treatment outcomes in MDD (8). These findings suggest that peripheral cytokines are implicated in the pathophysiology of depression and may hold significant promise as potential treatment target for depressive symptoms.

Adipose tissue is now recognized as an active endocrine organ expressing and secreting a variety of cytokines that play parts in the pathogenesis of many obesity-related diseases (9, 10). Obesity can be regarded as a state of chronic subclinical inflammation characterized by increased expression of proinflammatory cytokines, adipokines, and chemokines (11, 12). It has been demonstrated that plasma levels of pro-inflammatory cytokines such as IL-6, tumor necrosis factor-α (TNF-α), and IL-1β were significantly higher in overweight individuals than normal-weight individuals (13, 14). Considering the dysfunctional balance of cytokines in overweight or obesity, taken together the fact that abnormal level of blood cytokines may be both a causal mechanism and potential treatment target for depressive symptoms, it is crucial to understand to what extent weight gain contribute to the aberrant cytokine expression observed in patients with MDD.

In the present study, we examined the serum levels of multiple cytokines in patients with first-episode drug-naïve MDD, with the aim to analyze the direct effect of BMI on basal serum cytokines in patients with MDD. A total of 49 patients with MDD were categorized into normal weight (18.5 ≤ BMI < 25 kg/m2) and overweight (25 ≤ BMI < 30 kg/m2) groups. A total of 37 cytokines in patients with MDD were measured and the 24-items Hamilton Depression Scale (HAMD-24) was used to estimate the severity of depressive symptoms. Subsequently, the levels of serum cytokines between normal-weight patients with MDD and overweight patients with MDD were compared. The correlation between BMI and the scores of HAMD-24 and the levels of serum cytokines was evaluated using Pearson correlation analysis.



Materials and methods


Study design and participants

This study was conducted at Anhui Mental Health Center between August 2020 and June 2022. Fifty-three patients with first-episode drug-naïve MDD were diagnosed by trained psychiatrists according to the Diagnostic and Statistical Manual for Psychiatric Disorders-Fifth Version (DSM-V). Common criteria for patient inclusion and exclusion were shown in Table 1. A total of 49 patients with first-episode drug-naïve MDD were enrolled and categorized into normal weight (18.5 ≤ BMI < 25 kg/m2) and overweight (25 ≤ BMI < 30 kg/m2) groups according to WHO-criteria. Consecutive sampling technique was used to select the participants. All subjects were ethnic Han Chinese living in Anhui province. In the present study, 34 women and 15 men were enrolled, which is consistent with the gender difference in MDD incidence (15, 16). The Chinese version of HAMD-24, which has good reliability with Cronbach’s alpha value of 0.714 (17), was used to evaluate the severity of depressive symptoms in all participants. This procedure was approved by the ethics committee of the Anhui Mental Health Center (registration number HFSY-IRB-PJ-XQR-2020001) and was conducted according to the principles of the Declaration of Helsinki. Informed consent was obtained from all the participants.


Table 1 | Common criteria for patient inclusion and exclusion.





Blood sample collection and measurement of serum cytokines

The blood samples from the subjects was collected between 7:00 and 8:00 A.M., centrifuged at 1200 g for 10 min at 4°C. The supernatant was used as serum samples, which were maintained at -80°C until detection. The blood samples were collected at baseline before treatment. A total of 37 serum cytokines, including IL-1α (also called IL-1F1), IL-1β (also called IL-1F2), IL-1RA (also called IL-1F3), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (also called C-X-C motif chemokine ligand 8, CXCL8), IL-10, IL-12 (also called IL-23 p40), IL-12 p70, IL-13, IL-15, IL-16, IL-17C, IL-27, IL-31, C-C motif chemokine ligand 3 (CCL3; also called macrophage inflammatory protein 1α, MIP-1α), CCL4 (also called MIP-1β), CCL11 (also called eotaxin), CCL17 (also called thymus and activation regulated chemokine, TRAC), CCL26 (also called eotaxin-3), CXCL10 (also called interferon-inducible Protein 10, IP-10; cytokine responsive gene-2, CRG-2), vascular endothelial growth factor (VEGF), VEGF-C, VEGFR1 (also called Flt1), TNF-α, TNF-β (also called lymphotoxin), Tie-2, interferon-γ (IFN-γ), granulocyte-macrophage colony-stimulating factor (GM-CSF), fibroblast growth factor-basic (FGF basic, also called FGF2/bFGF), thymic stromal lymphopoietin (TSLP), intercellular cell adhesion molecule-1 (ICAM-1), and placenta growth factor (PIGF) were measured by the multiplex bead immunoassay (LXSAHM-10 and LXSAHM-27, R&D system for antibody detection, Shanghai Universal Biotech Co., Ltd) according to the manufacturer’s instructions.



Statistical analysis

Statistical analysis was calculated using SPSS (version 17.0; IBM Corp., Armonk, NY, USA). The data are shown as mean ± standard error of the mean (SEM), and the statistical significance was set at P < 0.05. Student’s t-test for independent samples was used to compare the age, BMI, years of education, HAMD-24 scores, and serum cytokines between the two groups. Multiple linear regression analysis was performed to evaluate the association between abnormal serum cytokines levels and group after adjusting for HAMD-24 scores. Chi-squared test was used to determine the difference between the two groups with respect to sex and smoking status. The correlation between BMI and the scores of HAMD-24 and the levels of serum cytokines was evaluated using Pearson correlation analysis.




Results


Demographic and clinical characteristics of the participants

Table 2 summarizes the demographic and clinical characteristics of normal-weight patients with MDD (n = 34) and overweight patients with MDD (n = 15). There were no significant differences in age, sex, years of education, or smoking status between the two groups (all P > 0.05; Table 2). The scores of HAMD-24 in overweight group were significantly higher than normal weight group (t = -2.930, P = 0.005).


Table 2 | Demographic and clinical characteristics of normal-weight patients with MDD and overweight patients with MDD.





Differences of cytokine levels in serum between normal-weight patients with MDD and overweight patients with MDD

As shown in Table 3, the levels of IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1 in overweight patients with MDD were significantly higher than those in normal-weight patients with MDD (all P < 0.05). There were no significant differences in other cytokines levels including IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-12 p70, IL-13, IL-15, IL-16, IL-17C, IL-27, IL-31, CCL3, CCL4, CCL11, CCL17, CCL26, VEGF, VEGF-C, VEGFR1, Tie-2, IFN-γ, GM-CSF, FGF basic, TSLP, and PIGF between the two groups (all P > 0.05; Table 3).


Table 3 | Comparison of serum cytokines between MDD patients without SI and MDD patients with SI.



Since the scores of HAMD-24 in overweight group were significantly higher than normal weight group, multiple linear regression analysis was performed to evaluate the association between abnormal serum cytokines levels and group after adjusting for HAMD-24 scores. As shown in Table 4, after adjustment for HAMD-24 scores, there was still a significant correlation between abnormal serum cytokines levels (IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1) and group (all P < 0.05).


Table 4 | Multiple linear regression analysis to determine the independent predictors (HAMD-24 scores and group) of abnormal serum cytokines levels.





Correlation between BMI and HAMD-24 scores and the serum levels of cytokines

The relationships between BMI and HAMD-24 scores and the serum levels of cytokines in patients with MDD were analyzed by Pearson correlation tests (Figure 1). There was no significant relationship between BMI and HAMD-24 scores (r = 0.236, P = 0.102). Among the serum cytokines, BMI was positively correlated to the serum levels of IL-1α (r = 0.428, P = 0.002), IL-3 (r = 0.529, P < 0.001), IL-6 (r = 0.285, P = 0.050), IL-10 (r = 0.423, P = 0.003), IL-12 (r = 0.367, P = 0.010), IL-15 (r = 0.300, P = 0.036), CXCL10 (r = 0.316, P = 0.030), TNF-α (r = 0.338, P = 0.021), and ICAM-1 (r = 0.440, P = 0.002).




Figure 1 | Correlation between BMI and HAMD-24 scores and the serum levels of cytokines in patients with MDD (Pearson correlation analysis).






Discussion

To our knowledge, this is the first study to analyze the direct effect of BMI on basal serum cytokines in patients with first-episode drug-naïve MDD. Three main findings emerged from the present study. First, the scores of HAMD-24 in overweight group were significantly higher than normal weight group. Second, overweight patients with MDD showed higher serum levels of IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1. Third, BMI was positively correlated to the serum levels of IL-1α, IL-3, IL-6, IL-10, IL-12, IL-15, CXCL10, TNF-α, and ICAM-1 in MDD patients.

Several studies have evaluated the correlation between overweight or obesity and depression, and the results are conflicting. It has been reported that a positive relationship between overweight and depression scores was found in individuals from the United States and Europe (18–20). On the contrary, a negative correlation between BMI and depression scores were observed in individuals from Asia (21–23). In the present study, overweight patients with MDD showed higher scores of HAMD-24 compared to normal-weight patients with MDD, and no significant relationship between BMI and HAMD-24 scores in patients with first-episode drug-naïve MDD. The reasons for these conflicting relationships between BMI and depression scores remain unclear but might be due to the different races and variant designs (some for the general population and others for patients). Multicentric studies with larger sample sizes are required to validate these conflicting relationships.

IL-1α (a pro-inflammatory cytokine) and its inhibitor, IL-1RA (IL-1 receptor antagonist) belong to the IL-1 family. Previous studies have showed that increased IL-1α and IL-1RA concentrations in MDD patients compared to healthy controls (24, 25). Another study has indicated a positive correlation between increased BMI and elevated plasma level of IL-1α in obese women (26). IL-1RA can prevent the binding of IL-1α and IL1β to IL-1R1, and is reported to be upregulated mainly in adipose cells in obese individuals (27). Consistently, the results of the present study showed that the serum levels of IL-1α and IL-1RA were increased in overweight patients with MDD compared to normal-weight patients with MDD. Moreover, BMI was found to be positively correlated to the serum levels of IL-1α in patients with MDD.

IL-3 is a glycoprotein cytokine involved in the hematopoietic response to infection, immune response and inflammatory stimulation. Recently, a meta-analysis including 107 studies regrouping 5,166 patients with depression and 5,083 controls indicated that levels of IL-3 were significantly higher in patients with depression (28). Although IL-3 has been reported to be upregulated in obesity (29), few studies have reported differences in IL-3 levels in overweight and normal-weight patients with MDD. Our results firstly showed that the serum IL-3 levels were significantly elevated in overweight patients with MDD and were positively correlated with BMI.

CXCL10 is a member of the chemokine family secreted by various cell types, including monocytes, T cells, endothelial cells, and keratinocytes in response to secretion of IFN-γ and other proinflammatory cytokines (30). It has been reported that the serum levels of CXCL10 were elevated during depressive episodes, and this alteration correlated with increased depression severity (31, 32). More recent evidence indicated that peripheral blood levels of CXCL10 were significantly higher in obese subjects than in controls and significantly correlated with BMI (33). Combined with the results that the serum CXCL10 levels were significantly elevated in overweight patients with MDD and were positively correlated with BMI in patients with MDD in the present study, these findings provide more data linking peripheral CXCL10 to the obesity status in patients with MDD.

Elevated TNF-α levels are associated with a variety of conditions, including obesity and depression (34, 35). For example, recent meta-analyses have demonstrated very high concentrations of TNF-α in depressed patients as compared to healthy controls (36); elevated levels of TNF-α have been linked to poor antidepressant treatment response and (37, 38); and TNF-α inhibition can improve depressive-like behavior in clinical trials  (39). As a cytokine largely expressed in adipose tissue, TNF-α is elevated in obesity and may contribute to obesity-associated metabolic disease (40). Consistently, our results showed that the serum TNF-α levels were significantly elevated in overweight patients with MDD and were positively correlated with BMI.

ICAM-1, a member of the immunoglobulin protein superfamily, is a cell-surface glycoprotein that is overexpressed on the endothelial lumen in many pathological states (41). A recently published meta-analysis including 9,203 people with depression, found an association between higher ICAM-1 levels and depression (42). Another study has indicated that the ICAM-1 levels in MDD patients after a 3-day wash-out of antidepressants were significantly higher compared to healthy controls (37). Moreover, ICAM-1 level was found to be correlated with BMI and waist circumference in Mexican Americans (43). Similarly, the serum ICAM-1 levels were significantly elevated in overweight patients with MDD and were positively correlated with BMI in the present study.

It is noteworthy that IL-1β, IL-6, and IL-10 are the most frequently reported cytokines in depression and affective disorders. Several lines of evidence have demonstrated the involvement of IL-1β in MDD (44): (1) epidemiological data showed that levels of IL-1β in peripheral circulation and cerebrospinal fluid (CSF) of patients with MDD were increased; (2) antidepressants treatment could change the levels of IL-1β; (3) IL-1β administration could induce depression-like behaviors in rats. In the present study, there were no significant differences in serum IL-1β levels between normal-weight patients with MDD and overweight patients with MDD, suggesting that overweight may not be associated with serum IL-1β levels in patients with first-episode drug-naïve MDD. A updated meta-analysis based on 82 studies comprising 3212 participants with MDD and 2798 healthy controls has demonstrated that peripheral levels of IL-6 and IL-10 were elevated in patients with MDD compared to healthy controls while there was no significant change observed in the levels of IL-1β (25). In the present study, although there was no statistical difference, the serum IL-6 and IL-10 levels of overweight patients with MDD tended to be increased compared to normal-weight patients with MDD. Moreover, positive relationships were found between BMI and the serum levels of several interleukin family proteins including IL-6 and IL-10 in patients with first-episode drug-naïve MDD. Similarly, IL-6 levels were frequently elevated in obese subjects and positively correlated with obesity in human populations (45). Higher levels of IL-10 in overweight and obese subjects was correlated with BMI and the grade of abdominal obesity (13). Given that the sample size is relatively small, whether there are differences in the levels of IL-6 and IL-10 between normal-weight patients with MDD and overweight patients with MDD needs to be verified with large samples.

Additionally, positive relationships were also found between BMI and the serum levels of several interleukin family proteins including IL-12, and IL-15 in patients with first-episode drug-naïve MDD. Similarly, BMI was positively correlated to peripheral IL-12 and IL-15 in other studies. Specifically, overweight and obese subjects had higher levels of IL-12 than a normal-weight group, and this correlated with BMI and the grade of abdominal obesity (13). Another study revealed a positive relationship between circulating IL-15 concentration and fat mass in lean and obese participants (46). Taken together, these findings may link peripheral cytokines to the co-morbidity mechanism of depression and obesity. Given that this study is a cross-sectional study, the causal relationship between these cytokines and BMI in patients with MDD needs further studies to explore.

There are some limitations that should be considered. Firstly, the present study is a single-center study with a relatively small sample size, which might represent sampling bias. Secondly, in the absence of a control group (healthy subjects with normal weight), we had no baseline data for serum cytokines levels in the healthy population. Thirdly, we only used HAMD-24 to assess the severity of depressive symptom. In order to make it certain that the diagnosis based on HAMD-24 is properly validated, other scales should be used to assess the severity of depressive symptom. Fourthly, this study is a cross-sectional study, the causal relationship between these cytokines and BMI needs further studies to explore. Fifthly, CRP was not measured in the present study. However, numerous studies have reported that CRP was consistently associated with obesity and depression (47, 48).

In conclusion, the present study reveals that overweight patients with MDD showed higher levels of IL-1α, IL-1RA, IL-3, CXCL10, TNF-α, and ICAM-1 compared to normal-weight patients with MDD, and BMI was positively correlated to the serum levels of IL-1α, IL-3, IL-6, IL-10, IL-12, IL-15, CXCL10, TNF-α, and ICAM-1 in MDD patients. These findings provide evidence that overweight may be associated with several serum cytokines in patients with first-episode drug-naïve MDD. Since this study is a cross-sectional study and the causal relationship between these cytokines and BMI could not be determined, whether these cytokines are involved in the co-morbidity mechanism of depression and obesity, and whether they can be potential targets for treatment still need further studies to investigate.
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