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There is interest in the role of peripheral interleukin-6 (IL-6) in depression and the effect of treatment (e. g., pharmacologic, psychosocial, neurostimulation). However, the relationship between cognitive behavioral therapy (CBT), IL-6 and depression has not yet been established. We conducted a meta-analysis to explore the association between CBT and change of peripheral IL-6 levels in depressive symptoms or major depressive disorder (MDD). A systematic search of online databases (i.e., PubMed, Web of Science, Google Scholar, PsycINFO, and Cochrane Library) was completed from inception to May 2021. In total, 10 eligible papers with 940 participants reporting peripheral IL-6 levels before and after CBT were included in the analysis. The main result indicates that peripheral levels of IL-6 were significantly lower after CBT intervention in individuals with depression, with a small effect (SMD = 0.38, 95% CI: 0.07, 0.69, p = 0.02). The results of subgroup analyses demonstrate that (1) there was a significant decrease in IL-6 for studies that were equal to or <8 weeks in duration vs. more than 8 weeks in duration, and (2) IL-6 was significantly reduced in the Diagnostic and Statistical Manual of Mental Disorders (DSM) diagnosis (i.e., DSM-IV, DSM-IV-TR, or DSM-V) of MDD, but not for the subgroup without DSM diagnosis. Publication year was identified as a potential contributor to heterogeneity of the results from our analysis. Taken together, our findings support the notion that CBT influences peripheral IL-6 in individuals with depression and represents a point of commonality with other antidepressant treatment modalities (e.g., antidepressants).

Systematic Review Registration: https://doi.org/10.17605/osf.io/tr9yh, identifier: 10.17605/osf.io/tr9yh.
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INTRODUCTION

Major depression is a major public health issue implicating significant economic and psychosocial burden (1). Current predictions reported by the World Health Organization (WHO) indicate that depression will be the leading cause of disease burden globally by 2030 (1). The pathophysiology of depression is unknown, but is known to be factorial involving neurobiological systems subserving stress response, and their interaction with environmental, psychosocial, and spatial determinants of health (2). A study by (3) reported that major depression is associated with activation of the inflammatory response system (4). It is also reported that an activated inflammatory system is associated with abnormal hedonic and cognitive function in adults with depression (5–7).

It is separately reported that disparate antidepressant modalities influence peripheral cytokine concentrations in adults with depression (6). Moreover, it is separately reported that elevated inflammatory markers may be a predictor of non-response with selective serotonin reuptake inhibitor (SSRI) therapy (2, 8). However, previous studies have reported mixed results as it relates to the relationship between depression and inflammatory biomarkers (9–11). Due to the heterogeneity of inflammatory markers as a group, it has been suggested to explore the effect of a single inflammatory marker, such as IL-6, in depression (12–14). Excess or chronic inflammatory cytokine activity, on the other hand, disrupts various neural activities, including neurotransmitter signaling, neurotransmitter synthesis, reuptake, and release (15–17). Thus, neurocircuit function, especially that linked to mood and cognition, is affected (18).

Cognitive behavioral therapy (CBT) is a structured, short-term and targeted psychotherapy with replicated evidence of acute antidepressant and recurrence prevention effects in adults with MDD. Cognitive behavioral therapy is one of the most common psychosocial interventions for mental disorders (19, 20). Cognitive behavioral therapy targets cognitions (i.e., thoughts) that reinforce dysfunctional beliefs and behaviors relevant to clinical symptoms (20, 21).

The mechanism of action of CBT is unknown and its effect on neurobiological systems implicated in depression are not well-characterized. The latest meta-analysis paper revealed that psychosocial interventions including CBT were significantly associated with levels of proinflammatory cytokines or markers (22). However, the study only included two papers on the topic of association between CBT and immune system function in people with depression. Besides, depression was not precisely defined in the study. Preliminary evidence suggests that peripheral IL-6 levels in adults with depression are reduced after 7 weeks of CBT in responder analysis (23). Results are mixed, insofar as a 16-week study of CBT monotherapy in adults with a first-episode of depression was associated with reduced TLR-4 signaling, but the changes from baseline to endpoint in TLR-2 signaling, IL-6, and c-reactive protein (CRP) levels were not statistically significant. A systematic review by Lopresti et al. (24) evaluating the association between CBT and change of peripheral IL-6 levels was not able to identify a consistent effect. For more rigorous verification, a meta-analysis evaluating the impact of CBT on changes of peripheral IL-6 levels in individuals with depression is urgent needed.

Against a background of inconsistent findings in the extant literature, the aim of the study herein was to use a meta-analysis to comprehensively and systematically evaluate the impact of CBT on changes of peripheral IL-6 levels in individuals with depression. The results of this analysis are intended to guide further mechanistic research and inform conceptual frameworks.



METHODS


Search Strategy

Two investigators (HJM and JTX) independently conducted the literature search to identify studies reporting IL-6 levels of subjects with depression before and after CBT intervention. The information in this review was compiled by searching online databases: PubMed, Web of Science, Google Scholar, PsycINFO, Cochrane Library databases, and by searching the reference lists of relevant papers to locate additional studies that were not identified by the database searches. The databases were scanned from inception to May 2021. Systematic searches were completed using terms including “cognitive behavioral therapy,” “CBT,” “psychotherapy,” “inflammation,” “IL-6,” “interleukin,” and “immunity,” “MDD,” “major depressive disorder,” “depressive.”



Eligibility Criteria

The inclusion criteria were as follows: (1) The study subjects were adults (≥18 years old) with a diagnosis of major depressive disorder (MDD) based on Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria (i.e., DSM-IV, DSM-IV-TR, or DSM-V), or MDD with other chronic diseases; Or had a verified scale to assess depressive symptoms (including subthreshold depression: clinically relevant depressive symptoms, without meeting criteria for a full-blown MDD); (2) Follow-up results after CBT intervention were reported (baseline assessment scores vs. post-treatment scores); (3) The peripheral IL-6 levels were evaluated before and after CBT; (4) identified random controlled trials (RCT), open-label studies, and longitudinal studies with pre-test-post-test design were included in our analysis.

Exclusion criteria included: (1) Non-original studies (e.g., review, meta-analysis, systematic review, standards, guidelines, teaching materials, books; (2) Non-research articles (e.g., descriptive introduction of disease progression, etiology, intervention, differential diagnosis, research protocol); (3) Conference abstracts and unpublished literature; (4) case reports, case studies, case series studies, case control studies; (5) Basic experimental research studies (e.g., animal, cell, tissue, etc.); (6) studies including subjects that did not have a DSM-defined diagnosis of MDD, and/or included case groups with comorbid mental disorder diagnoses (e.g., schizophrenia, bipolar disorder) without depressive symptoms; (7) studies without follow-up results (8) studies including healthy individuals or individuals with other diseases analyzed as the control group; (9) studies that did not report on peripheral IL-6 levels as part of the study outcome.



Outcome and Recorded Variables

The purpose for the meta-analysis was to examine the relationship between CBT and the change of peripheral IL-6 levels in individuals with depression from baseline to endpoint. First author, published year, country, sex (male/female), mean age (age range), total N at baseline, clinical diagnosis, comorbidity, IL-6 measure method, diagnostic criteria, study design and duration of intervention were recorded for each eligible study for analysis. All eligible studies were screened and evaluated by two independent investigators. We also carefully verified data from each included article to ensure the accuracy of the extracted data. Any discrepancies were resolved by discussion among all of the authors.



Statistical Analysis

Statistical analysis was performed using Review Manager 5.4.1 and Stata 12.0. Forest plots were used to estimate the change of peripheral IL-6 levels in individuals with depression from baseline to end point, which was evaluated by the standardized mean difference (SMD) within a 95% confidence interval (CI). According to the statistical power analysis for the behavioral sciences (2nd edition), the effect size of SMD is judged using the following rules: trivial (SMD < 0.20), small (0.20 ≤ SMD < 0.50), medium (0.50 ≤ SMD <0.80), and a large effect (SMD ≥ 0.80). The chi-square and I-Squared (I2) test was used to evaluate the heterogeneity across the studies. It has been suggested that the adjectives low, moderate, and high (heterogeneity) be assigned to I2 values of 25, 50, and 75%. If P < 0.10 or I2>50%, there would be a high degree of heterogeneity with statistical differences (25), and a random effects model was applied to pool data. The fixed effects meta-analysis was used in the other cases. To identify probable causes of heterogeneity, subgroup analyses about the development levels of countries, publication years, whether DSM diagnosed and duration of CBT intervention were carried out.

Meta-regression analysis was also performed to examine whether IL-6 levels in subjects with depression could be influenced by pre-specified independent variables, which evaluated the effect of years of publication, mean ages, and sex ratios. Sensitivity analysis was performed to identify potential outliers by eliminating each study individually, which examined the impact of each study on the overall effect size. Publication bias was assessed by applying Egger's test and Begg's test for funnel plot asymmetry.

We used Grades of Recommendations Assessment, Development and Evaluation (GRADE) to assess the quality of included studies (26). The assessments were based on following aspects: study limitations, risk of bias, inconsistency of results, indirectness (i.e., different subjects, interventions and results from the aimed ones), random error and publication bias. The total grade scored ≥0 indicated high-grade evidence, that scored −1 indicated moderate-grade evidence, that scored −2 indicated low-grade evidence, that scored ≤ -3 indicated very low-grade evidence. A two-tailed P < 0.05 were considered significant in all test.




RESULTS


Search Results

The summary of the article extraction process for this meta-analysis is shown in Figure 1. In total, 2,746 records were identified as potentially eligible through the initial systematic literature search. After removing duplicate studies, 2,188 studies remained, of which 2,112 were further excluded based on reviews of titles and abstracts. Afterwards we examined the full text of the remaining 76 relevant articles, and 12 of them were not retrieved. In the remaining 64 papers, 24 were non-human studies, 3 were not full-text, 15 did not meet a criterion for inclusion, and 12 did not provide detailed data. Finally, 10 studies were eligible for inclusion in our meta-analysis (23, 27–35).


[image: Figure 1]
FIGURE 1. Summary of the article extraction process, including the reasons for exclusion.


Ten studies were identified comprising 940 participants were conducted in six countries: USA (n = 3); Germany (n = 2); Brazil (n = 2); and China (n = 1), Sweden (n = 1), Hungary (n = 1). Six studies used Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) as diagnostic criteria for depression; two implemented the Center for Epidemiological Survey (CES-D) and one study each used the Positive and Negative Affect Schedule, Hospital Anxiety, and Depression Scale (HADS), respectively. Eight studies had more females than males, among them, one had only female; one study had less females than males; and one did not include the sex. According to the GRADE system, four studies are rated moderate and six are rated HIGH. The main characteristics of the included studies and quality assessments are shown in Table 1.


Table 1. Characteristics of included studies.
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Preliminary Meta-Analysis Analysis Results

Overall meta-analysis results are shown in Figure 2. Due to the high heterogeneity among included literatures (p < 0.00001; I2 = 79%), the random effects model was adopted for the analysis. Since the scales are consistent across studies, we used SMD for data processing. The results indicate that there was a statistically significant difference in the peripheral levels of IL-6 before and after CBT intervention, with a small effect (SMD = 0.38, 95% CI: 0.07, 0.69, p = 0.02). In order to explore the potential sources of heterogeneity, subgroup analysis, regression analysis, and sensitivity analysis were carried out in the following studies.


[image: Figure 2]
FIGURE 2. Forest plot for change in IL-6 before and after CBT.




Subgroup Analysis

We performed the subgroup analyses to identify the sources of the literature heterogeneity. For the classification of developed and developing countries, we found that the overall combined change of peripheral IL-6 levels was statistically significant in developing countries (SMD = 0.70, 95% CI: 0.02, 1.38, p = 0.04), but the data heterogeneity remained medium (p = 0.10, I2 = 57%). In the subgroup of developed countries, IL-6 levels do not have a significant overall comprehensive effect (p = 0.11), and its heterogeneity is also large (p < 0.0001, I2 = 82%), indicating that subgroup analysis of the classification of developed and developing countries cannot explain the heterogeneity sources of IL-6 levels in all included studies.

According to the treatment duration of the studies included in our analysis, we used 8 weeks as a cut-off point to conduct subgroup analysis. Four original studies reported a treatment duration ≤ 8 weeks, five studies reported a treatment duration of more than 8 weeks, and one study did not report the treatment duration. As shown in Figure 3, there was significant difference in the subgroup ≤ 8 weeks (SMD = 0.86, 95%CI: 0.49, 1.23, p < 0.00001), whereas there was no significant difference in subgroup >8 weeks (p > 0.05). Moreover, the heterogeneity was lower in both of the two subgroups. There was strong heterogeneity and significant difference among subgroups (p = 0.0003, I2 = 87.6%).


[image: Figure 3]
FIGURE 3. Forest plot for change in IL-6 before and after CBT with CBT intervention duration of 8 weeks.


According to the diagnosis method, we used diagnosis of depression as a cut-off point to conduct subgroup analysis. Six original studies reported depression diagnosed method is DSM, four reported others. As shown in Figure 4, there was significant difference in the subgroup DSM diagnosis (SMD = 0.41, 95%CI: 0.01, 0.80, p = 0.05), whereas there was no significant difference in subgroup without DSM diagnosis (p > 0.05). The heterogeneity was high in both of the two subgroups. There was low heterogeneity and significant difference among subgroups (p = 0.83, I2 = 0%).


[image: Figure 4]
FIGURE 4. Forest plot for change in IL-6 before and after CBT under different depression diagnosis method.




Meta-Regression Analysis

We conducted univariate meta-regression analysis for the year of publication, average age and sex ratio (male/female) of the included studies (Supplementary Table 1). Among them, the analysis results of the year of paper publication were statistically significant [β = −0.49, 95% CI = (−0.88, −0.09), t = −2.86, p = 0.02], and the goodness-of-fit of the model was good (Tau2 = 1.423). The estimation of variation among studies was relatively high (Adjusted R-squared = 52.91%).



Sensitivity Analysis and Publication Bias

In order to test the stability of the results, we conducted sensitivity analysis to test the stability of the combined effect sizes, and their 95% CI. As shown in Supplementary Figure 4, the point estimate after the deletion of Moore et al. (34) fell outside the 95% CI of the total effect size. After the deletion, the estimate value was 0.26, and 95% CI = (−0.003, 0.532); therefore, the study may have impact on the pooled effect size. The Egger's test and Begg's test were used to evaluate the possibility of publication bias. The results indicated there was no potential publication bias for all included studies according to Egger's 95% CI = (−1.91, 7.48), t = 1.37, p = 0.208. In addition, the results of Begg's test did not show publication bias with z = 1.34, p = 0.180.




DISCUSSION

The results of our analysis indicate that CBT is associated with significant decreases of peripheral IL-6 levels with small effect in persons with depressive symptoms or MDD. Due to the potential heterogeneity of main outcome, subgroup analysis and meta-regression analysis were used to identify probable sources of heterogeneity. Subgroup analysis revealed a significant decrease in peripheral IL-6 in studies of 8 weeks duration or less, with no effect noted in studies of >8 weeks duration. The association between CBT and change in peripheral IL-6 was delimited to those studies that codified the diagnosis of MDD using the DSM (i.e., DSM-IV, DSM-IV-TR, or DSM-V). It was also revealed that publication year might be a potential contributor to heterogeneity in the findings. Moreover, no potential publication bias was identified in the studies in our analysis.

In general, our meta-analysis identified the potential modulating effect of CBT on IL-6. Cognitive behavioral therapy covers a range of strategies that could account for its potential anti-inflammatory effects. Cognitive behavioral therapy can trigger positive lifestyle changes that in turn reduce inflammation (36). Cognitive behavioral therapy also encourages the teaching of different relaxation techniques as well as participation in enjoyable activities (24). According to (37), research shows that in a dose-dependent manner, consistent relaxation practice may have favorable benefits on numerous immunological responses. An objective of CBT is to alter information processing. It has been reported that individuals who experience more frequent positive events show lower log IL-6 stimulation production, and that small positive events in daily life may result in reduced inflammatory responses to immune challenges (38). This study also reported that the effects were stronger for those in the lowest quartile of positive event frequency, implying that a lack of optimism in daily life may have a significant impact on inflammation. Furthermore, interpersonal happy events were more likely than non-interpersonal positive events to predict lower IL-6 overall and lower fibrinogen in women (38).

Our results only identified the changes of peripheral IL-6 in individuals with DSM diagnosed MDD, no statistical changes were reported in individuals with depressive symptoms assessed by other scales. Major depressive disorder is heterogenous in phenomenology, illness trajectory, and pathoetiology (39). According to (40), some individuals with depression may be more likely to exhibit an inflammatory biotype. For instance, it has been reported that individuals with depression who have melancholic traits have a distinct inflammatory profile compared to individuals without melancholic features (41). Moreover, distinct inflammatory profiles may also be linked to different depression subtypes (42–44). Whether it is diagnosed as MDD, Depression subtypes, and the effect of disease progression on inflammatory response deserve further attention. Therefore, whether the diagnosis of MDD, depression subtypes or the disease progression affects the inflammatory response after CBT deserves further attention.

According to Lanquillon (45), there were significant decreases in C-reactive protein in both responders and non-responders (i.e., with or without a 50% reduction in depression measurement, respectively) receiving either pharmacologic or psychosocial interventions. However, it has been separately reported that peripheral IL-6 is reduced in intervention responders but not for intervention non-responders; a finding also replicated by Yoshimura et al. (46). The latter study revealed that IL-6 could act as a proxy to treatment response, and may account for heterogeneity or response within the sample.

Our subgroup analysis showed that only the studies with intervention of less than 8w had a significant decrease in peripheral IL-6, but the changes of peripheral IL-6 in studies with more than 8w had no statistical difference. It has been proposed that IL-6 hyperproduction may play a pathogenetic role in the immunological pathophysiology of major depression due to its critical involvement in the early phase of the immune response cascade. Increased IL-6 activity in severe depression may be linked to hypotransferrinemia, hyperhaptoglobinemia, and hyperactivity of the HPA axis, according to the findings (47). Thus, our results may present that the short-term CBT may have obvious effects on inflammatory response due to rapid improvement of depressive symptoms. However, we did not find the direct evidence to support why the long-term effects of CBT on peripheral IL-6 were not significant. It is worthy to explore the underlying mechanisms. The future researches should increase the time and frequency of follow-up to furtherly determine our findings.

It is also worth noting that we identified publication year as a source of heterogeneity in our analysis. It is a testable hypothesis that changes in diagnostic criteria and treatments over the past two decades accounts for this variability. It is also possible that refinement of the CBT model and its implementation over the past several decades may be contributing to the observed heterogeneity (48). Our current findings provide valuable evidence for exploring the role of IL-6 in individuals with MDD receiving CBT in the future researches.

Moreover, evidence indicated that women are 1.5 to two times more likely than males to develop depression, and the onset of depression increases during the childbearing years. This female preponderance has been observed to last into elderly life. Patients above the age of 75 had a lower prevalence of depression, which did not appear to be connected to their socioeconomic level. Comorbid diseases, serum IL-6, albumin, and age may all have a role in determining which patients are more likely to develop depression symptoms (49). Therefore, further validation of confounding factors is needed in future studies. In addition, CRP and its precursor, IL-6, are linked to an increased incidence of depression, according to research (49). Therefore, future studies need to analyze the role of CRP levels, taking into account its association with IL-6.


Limitations

There are several limitations that affect interpretations and inferences of our study. Firstly, the sample size of this meta-analysis was relatively small (i.e., only 10 eligible studies were included in the data analysis). Secondly, studies included in our analysis had varying definitions of depression and five studies included individuals with subthreshold depression. Moreover, the sensitivity analysis indicated that our results had insufficient stability. Additionally, limited information in the included studies betrayed a thorough analysis of the sources of heterogeneity. As with all studies, we could not control for residual confounding effects. Finally, previous antidepressant treatment may also affect the levels of inflammatory factors such as IL-6, but we could not distinguish participants with prescribed medications or medication-free in the original studies.




CONCLUSIONS

Our results indicate that individuals with MDD or depressive symptoms receiving CBT have lower peripheral IL-6 concentrations. It is unknown whether the change on peripheral IL-6 levels is simply an association or whether the relationship observed has predictive and/or moderational effects. We did not evaluate CBT-IL-6 association from the point of view of dimension-based outcomes. Future studies will need to determine whether elevated IL-6 levels identify a biotype more likely (or less likely) to respond to CBT treatment (50).



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

BC and FY conceived and designed the study. HM and JX performed the data extraction and statistical analysis. RM, BC, FY, and KT contributed to the discussion. HM, JX, and RL took the lead in writing the manuscript. All authors discussed the results and commented on the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was sponsored by the MOE (Ministry of Education in China) Project of Humanities and Social Sciences (Project No. 21YJCZH004) and Ph.D. Research Startup Fund of Southwest University (Project No. SWU019039). The funding agents had no role in the design and conduct of the study; collection, management, analysis, interpretation of the data; preparation, review, or approval of the manuscript. The authors alone are responsible for the content and writing of the paper.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.844176/full#supplementary-material



REFERENCES

 1. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and decrements in health: results from the World Health Surveys. Lancet. (2007) 370:851–8. doi: 10.1016/S0140-6736(07)61415-9

 2. Beurel E, Toups M, Nemeroff CB. The bidirectional relationship of depression and inflammation: double trouble. Neuron. (2020) 107:234–56. doi: 10.1016/j.neuron.2020.06.002

 3. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-analysis of cytokines in major depression. Biol Psychiatry. (2010) 67:446–57. doi: 10.1016/j.biopsych.2009.09.033

 4. Rosenblat JD, Cha DS, Mansur RB, McIntyre RS. Inflamed moods: a review of the interactions between inflammation and mood disorders. Prog Neuro-Psychopharmacol Biol Psychiatry. (2014) 53:23–34. doi: 10.1016/j.pnpbp.2014.01.013

 5. Dalkner N, Reininghaus E, Schwalsberger K, Rieger A, Hamm C, Pilz R, et al. C-reactive protein as a possible predictor of trail-making performance in Individuals with psychiatric disorders. Nutrients. (2020) 12:3019. doi: 10.3390/nu12103019

 6. Lee Y, Subramaniapillai M, Brietzke E, Mansur RB, Ho RC, Yim SJ, et al. Anti-cytokine agents for anhedonia: targeting inflammation and the immune system to treat dimensional disturbances in depression. Therap Adv Psychopharmacol. (2018) 8:337–48. doi: 10.1177/2045125318791944

 7. Nogo D. Examining the association between inflammation and motivational anhedonia in neuropsychiatric disorders: a systematic review. Ann Clin Psychiatry. (2021) 33:193–206. doi: 10.12788/acp.0034

 8. Irwin MR, Miller AH. Depressive disorders and immunity: 20 years of progress and discovery. Brain Behav Immun. (2007) 21:374–83. doi: 10.1016/j.bbi.2007.01.010

 9. Aleem D, Tohid H. Pro-inflammatory cytokines, biomarkers, genetics and the immune system: a mechanistic approach of depression and psoriasis. Rev Colomb Psiquiatr. (2018) 47:177–86. doi: 10.1016/j.rcp.2017.03.002

 10. Ganança L, Galfalvy HC, Cisneros-Trujillo S, Basseda Z, Cooper TB, Ren X, et al. Relationships between inflammatory markers and suicide risk status in major depression. Biol Psychiatry. (2021) 87:S39. doi: 10.1016/j.jpsychires.2020.12.029

 11. Mac Giollabhui N, Ng TH, Ellman LM, Alloy LB. The longitudinal associations of inflammatory biomarkers and depression revisited: systematic review, meta-analysis, and meta-regression. Mol Psychiatry. (2020) 26:3302–14. doi: 10.1038/s41380-020-00867-4

 12. Chen Y-C, Lin WW, Chen YJ, Mao WC, Hung YJ. Antidepressant effects on insulin sensitivity and proinflammatory cytokines in the depressed males. Mediators Inflamm. (2010) 2010:573594. doi: 10.1155/2010/573594

 13. Köhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, et al. Peripheral cytokine and chemokine alterations in depression: a meta-analysis of 82 studies. Acta Psychiatr Scand. (2017) 135:373–87. doi: 10.1111/acps.12698

 14. Smith KJ, Au B, Ollis L, Schmitz N. The association between C-reactive protein, Interleukin-6 and depression among older adults in the community: a systematic review and meta-analysis. Exp Gerontol. (2018) 102:109–32. doi: 10.1016/j.exger.2017.12.005

 15. Deverman BE, Patterson PH. Cytokines and CNS development. Neuron. (2009) 64:61–78. doi: 10.1016/j.neuron.2009.09.002

 16. Elmer BM, McAllister AK. Major histocompatibility complex class I proteins in brain development and plasticity. Trends Neurosci. (2012) 35:660–70. doi: 10.1016/j.tins.2012.08.001

 17. Stephan AH, Barres BA, Stevens B. The complement system: an unexpected role in synaptic pruning during development and disease. Annu Rev Neurosci. (2012) 35:369–89. doi: 10.1146/annurev-neuro-061010-113810

 18. Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW. From inflammation to sickness and depression: when the immune system subjugates the brain. Nat Rev Neurosci. (2008) 9:46–56. doi: 10.1038/nrn2297

 19. Enright SJ. Fortnightly review: cognitive behaviour therapy clinical applications. BMJ. (1997) 314:1811–1811. doi: 10.1136/bmj.314.7097.1811

 20. He RH, An H, Zheng YR, Tao R. Cognitive-behavioral therapy. Advances in Experimental Medicine and Biology. (2017) 1010:321–9. doi: 10.1007/978-981-10-5562-1_16

 21. Parker G, Roy K, Eyers K. Cognitive Behavior therapy for depression? Choose horses for courses. Am J Psychiatry. (2003) 160:825–34. doi: 10.1176/appi.ajp.160.5.825

 22. Shields GS, Spahr CM, Slavich GM. psychosocial interventions and immune system function: a systematic review and meta-analysis of randomized clinical trials. JAMA Psychiatry. (2020) 77:1031–43. doi: 10.1001/jamapsychiatry.2020.0431

 23. Moreira FP, Cardoso Tde A, Mondin TC, Souza LD, Silva R, Jansen K, et al. The effect of proinflammatory cytokines in cognitive behavioral therapy. J Neuroimmunol. (2015) 285:143–6. doi: 10.1016/j.jneuroim.2015.06.004

 24. Lopresti AL. Cognitive behaviour therapy and inflammation: a systematic review of its relationship and the potential implications for the treatment of depression. Austr N Z J Psychiatry. (2017) 51:565–82. doi: 10.1177/0004867417701996

 25. Cao B, Chen Y, Brietzke E, Cha D, Shaukat A, Pan Z, et al. Leptin and adiponectin levels in major depressive disorder: a systematic review and meta-analysis. J Affect Disord. (2018) 238:101–10. doi: 10.1016/j.jad.2018.05.008

 26. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. BMJ. (2008) 336:924–6. doi: 10.1136/bmj.39489.470347.AD

 27. Berk LS, Bellinger DL, Koenig HG, Daher N, Pearce MJ, Robins CJ, et al. Effects of religious vs. conventional cognitive-behavioral therapy on inflammatory markers and stress hormones in major depression and chronic medical illness: a randomized clinical trial. Open J Psychiatry. (2015) 5:238–59. doi: 10.4236/ojpsych.2015.53028

 28. Euteneuer F, Dannehl K, Del Rey A, Engler H, Schedlowski M, Rief W. Immunological effects of behavioral activation with exercise in major depression: an exploratory randomized controlled trial. Transl Psychiatry. (2017) 7:e1132. doi: 10.1038/tp.2017.76

 29. Gazal M, Souza LD, Fucolo BA, Wiener CD, Silva RA, Pinheiro RT, et al. The impact of cognitive behavioral therapy on IL-6 levels in unmedicated women experiencing the first episode of depression: a pilot study. Psychiatry Res. (2013) 209:742–5. doi: 10.1016/j.psychres.2013.03.002

 30. Hermanns N, Schmitt A, Gahr A, Herder C, Nowotny B, Roden M, et al. The effect of a diabetes-specific cognitive behavioral treatment program (DIAMOS) for patients with diabetes and subclinical depression: results of a randomized controlled trial. Diabetes Care. (2015) 38:551–60. doi: 10.2337/dc14-1416

 31. Hsu CT, Weng CY, Kuo CS, Lin CL, Jong MC, Kuo SY, et al. Effects of a cognitive-behavioral group program for community-dwelling elderly with minor depression. Int J Geriatr Psychiatry. (2010) 25:654–5. doi: 10.1002/gps.2371

 32. Kéri S, Szabó C, Kelemen O. Expression of Toll-Like Receptors in peripheral blood mononuclear cells and response to cognitive-behavioral therapy in major depressive disorder. Brain Behav Immun. (2014) 40:235–43. doi: 10.1016/j.bbi.2014.03.020

 33. Lasselin J, Kemani MK, Kanstrup M, Olsson GL, Axelsson J, Andreasson A, et al. Low-grade inflammation may moderate the effect of behavioral treatment for chronic pain in adults. J Behav Med. (2016) 39:916–24 doi: 10.1007/s10865-016-9769-z

 34. Moore RC, Chattillion EA, Ceglowski J, Ho J, von Känel R, Mills PJ, et al. A randomized clinical trial of behavioral activation (BA) therapy for improving psychological and physical health in dementia caregivers: results of the pleasant events program (PEP). Behav Res Ther. (2013) 51:623–32. doi: 10.1016/j.brat.2013.07.005

 35. Zautra AJ, Davis MC, Reich JW, Nicassario P, Tennen H, Finan P, et al. Comparison of cognitive behavioral and mindfulness meditation interventions on adaptation to rheumatoid arthritis for patients with and without history of recurrent depression. J Consult Clin Psychol. (2008) 76:408–21. doi: 10.1037/0022-006X.76.3.408

 36. Irwin KE, Freudenreich O, Peppercorn J, Taghian AG, Freer PE, Gudewicz TM. Case 30-2016. N Engl J Med. (2016) 375:1270–81. doi: 10.1056/NEJMcpc1609309

 37. Kang DH, McArdle T, Park NJ, Weaver MT, Smith B, Carpenter J. Dose effects of relaxation practice on immune responses in women newly diagnosed with breast cancer: an exploratory study. Oncol Nurs Forum. (2011) 38:E240–52. doi: 10.1188/11.ONF.E240-E252

 38. Sin NL, Graham-Engeland JE, Almeida DM, Sliwinski MJ, Smyth JM, Lipton RB, et al. Good moments add up for inflammatory health: associations of momentary positive events with inflammatory state and responsiveness. Brain Behav Immun. (2015) 45:e17. doi: 10.1016/j.bbi.2015.06.078

 39. Subramaniapillai M, Carmona NE, Rong C, Mcintyre RS. Inflammation: opportunities for treatment stratification among individuals diagnosed with mood disorders. Dialog Clin Neurosci. (2017) 19:27–36. doi: 10.31887/DCNS.2017.19.1/rmcintyre

 40. Hiles SA, Baker AL, de Malmanche T, Attia J. A meta-analysis of differences in IL-6 and IL-10 between people with and without depression: exploring the causes of heterogeneity. Brain Behav Immun. (2012) 26:1180–8. doi: 10.1016/j.bbi.2012.06.001

 41. Rothermundt M, Arolt V, Fenker J, Gutbrodt H, Peters M, Kirchner H. Different immune patterns in melancholic and non-melancholic major depression. Eur Arch Psychiatry Clin Neurosci. (2001) 251:90–7. doi: 10.1007/s004060170058

 42. Dunjic-Kostic B, Ivkovic M, Radonjic NV, Petronijevic ND, Pantovic M, Damjanovic A, et al. Melancholic and atypical major depression - connection between cytokines, psychopathology and treatment. Prog Neuro-Psychopharmacol Biol Psychiatry. (2013) 43:1–6. doi: 10.1016/j.pnpbp.2012.11.009

 43. Kaestner R. An overview of public policy and the nursing shortage. J Nurs Administr. (2005) 35:8–9. doi: 10.1097/00005110-200501000-00004

 44. Karlović D, Serretti A, Marčinko D, Martinac M, Silić A, Katinić K. Serum testosterone concentration in combat-related chronic posttraumatic stress disorder. Neuropsychobiology. (2012) 65:90–5. doi: 10.1159/000329556

 45. Lanquillon S. Cytokine production and treatment response in major depressive disorder. Neuropsychopharmacology. (2000) 22:370–9. doi: 10.1016/S0893-133X(99)00134-7

 46. Yoshimura R, Hori H, Ikenouchi-Sugita A, Umene-Nakano W, Ueda N, Nakamura J. Higher plasma interleukin-6 (IL-6) level is associated with SSRI- or SNRI-refractory depression. Prog Neuro-Psychopharmacol Biol Psychiatry. (2009) 33:722–6. doi: 10.1016/j.pnpbp.2009.03.020

 47. Maes M, Scharpe S, Meltzer HY, Bosmans E, Suy E, Calabrese J, et al. Relationships between interleukin-6 activity, acute phase proteins, and function of the hypothalamic-pitu-itary-adrenal axis in severe depression. Psychiatry Res. (1993) 49:11–27. doi: 10.1016/0165-1781(93)90027-E

 48. Huppert JD. The building blocks of treatment in cognitive-behavioral therapy. Isr J Psychiatry Relat Sci. (2009) 46:245–50. doi: 10.3109/09540260903344107

 49. Hung K-C, Wu C-C, Chen H-S, Ma W-Y, Tseng C-F, Yang L-K, et al. Serum IL-6, albumin and comorbidities are closely correlated with symptoms of depression in patients on maintenance haemodialysis. Nephrol Dial Transplant. (2010) 26:658–64. doi: 10.1093/ndt/gfq411

 50. Lee Y, Mansur RB, Brietzke E, Kapogiannis D, Delgado-Peraza F, Boutilier JJ, et al. Peripheral inflammatory biomarkers define biotypes of bipolar depression. Biol Psychiatry. (2021) 89:S156. doi: 10.1016/j.biopsych.2021.02.401

Conflict of Interest: RM has received research grant support from CIHR/GACD/Chinese National Natural Research Foundation; speaker/consultation fees from Lundbeck, Janssen, Purdue, Pfizer, Otsuka, Takeda, Neurocrine, Sunovion, Bausch Health, Novo Nordisk, Kris, Sanofi, Eisai, Intra-Cellular, NewBridge Pharmaceuticals, Abbvie. RM is a CEO of Braxia Scientific Corp. KT receives personal fees from Braxia Scientific Corp.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Ma, Xu, Li, McIntyre, Teopiz, Cao and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-13-844176-t001.jpg
References Country Sex Mean Total N Clinical ~ Comorbidity IL-6 measure Diagnostic Study design Duration  Quality

(Male/Female) age at diagnosis method criteria assessments
(Age  baseline
range)
Moreiraetal. (23)  Brazil 7/21 2046 + o7 MDD No Commercial DSM-IV Double-biind, 7w Moderate
361 mmunoassay kit Randornized trial
Euteneuer et al. German 18/16 36.9 101 MDD Anxiety disorders Flow cytometry DSM-IvV Double-blind, 16w High
©8) Somatoform using bead-based Randornized trial
disorders assays
Gazal etal. (29) Brazil o1 2518+ 11 MDD No IL-6 immunoassay  DSM-IV before-after study 7w Moderate
351 kit in the same patient
Keéri et al. (32) Hungary 19/31 226 80 MDD No High-sensitivity DSM-IV and Double-blind, 16w High
enzyme-linked SCID-CV and Randornized trial
immunosorbent HAM-D
assay kits
Zautra et al. (35) USA 46/97 52.41 144 Depressed  Rheumatoid Commercially DSM-IvV Randomized trial 8w High
arthritis available enzyme
linked
immunosorbent
assay kits
Berk et al. (27) USA 28/44 525 132 MDD One or more Milipore’s DSM-IV and BDII  Double-blind, 12w High
chronic medical multiplexed high multi-site
ilnesses sensitity cytokine randormized
magnetic ciinical trial
bead-based
immunoassay kits
Hsu et al. (31) China 753 20 Depressed  No Not mentioned CES-D Randomized tral 8w Moderate
(+4.61)
Hermanns et al. German 46/60 32+ 214 Depressed Diabetes Quantikine HS CES-D Blind, Randormized High
©0) 14.9 (IL-6) ELISA kits Study
Mooreetal (34)  USA 9/40 70.86 100 Depressed Dementia ELISA Positive and Double-biind, [ High
Negative Affect Randornized trial
Schedule
Lasselinetal (33)  Sweden /32 409 41 Depressed  Longstanding pain ~ ELISA HADS Randomized tral 12w Moderate

*w, weeks.
MDD, major depressive disorder; ELISA, high-sensitive enzyme-linked immunosorbent assays; DSM-IV, diagnostic and statistical manual of mental disorders IV; CES-D, center for epidemiological survey; HADS, Hospital anxiety and
depression scale; BDI-ll, beck depression inventory ll; HAM-D, Hamilton depression scale; SCID-CV, structured clinical interview for DSM-IV axis | disorders -clinical version.





OPS/images/fpsyt-13-844176-g003.gif
Lt bl Tl i i e Wme.
stcstaen i ST SR W i i 80
3

e Moo ow g s ow e anpsen -
ey a4 e e T
vty EERE R R -T.
el ERO I B I s gl
Shspng) = W us omlenan
T A 0053 S22

Tetbomat e T4 05

-

B 2z e ow o os e ey —
HuTERvs) G 1w e oam o ke aeRs 1=
Feasabnatin s 1985 B WD WS H AT OTERIN -
ity T 0 te e oG i —_—
BomCibenn N6 6 8 U6 69 8 we e =
) @ os  owpein -
e T

Tttt i 1450 <OFAT

i

Mot 162 I 15 MM Re SEDO) 3

Sk 94G) kS W R oafmen

Wt N

Tkt L3907

Taagsa o o ek onpoos) -
T IR 030 AN 18 ———
Tttt 122519108 St s oy

oot srmmntasoteest. o Y





OPS/images/fpsyt-13-844176-g004.gif
Sabom M L e EMumacy 9L o [Wcarc
Subestase M T den S Ve et U fede #X0 . boen 560
=

e 0% % B e e -
D e R R Tt .
Feewmmi W W 08w e awpeen =T

s Eeants m o @ g e R -

thacraizin B0 o oie n o0 e epaiw —
from e s 1 e & oa o ospen =
provy £ ER it -
ey T 01 0% 2015 51015

T AL TP 05

bt i

orEnyz G5 oW @ n e anpse b
e R R I T -

et 65 U 15 1w e MEDon T
BeaCladn 15 05 0 U6 48 6 Be 301S] —
sdiek 534 E ER i) -
ey T 31022536 VLI 87

Tttt 241476202

ey a o1 o ampaon) -
ey T 018,09 5038 65 <AL P -
Tl 1131000 [

e Bt il 0 S e





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Impact of Cognitive Behavioral Therapy on Peripheral Interleukin-6 Levels in Depression: A Systematic Review and Meta-Analysis



		Introduction



		Methods



		Search Strategy



		Eligibility Criteria



		Outcome and Recorded Variables



		Statistical Analysis







		Results



		Search Results



		Preliminary Meta-Analysis Analysis Results



		Subgroup Analysis



		Meta-Regression Analysis



		Sensitivity Analysis and Publication Bias







		Discussion



		Limitations







		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Psychiatry

The Impact of Cognitive Behavioral

Therapy on Peripheral Interleukin-6

Levels in Depression: A Systematic
Review and Meta-Analysis





OPS/images/fpsyt-13-844176-g001.gif
ke

[o——
b

P ——
ous

R s
e (02
I






OPS/images/fpsyt-13-844176-g002.gif
gy FREEE R

et T e 00
ST










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Psychiatry





