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ABSTRACT ~ Inadequate response to antidepressant treatment, in a significant proportion 
of patients diagnosed with Major Depressive Disorder, contributes to the large burden 
of disability associated with the disease; thus, predicting treatment response is one of the 
most important challenge for clinicians who deal with depressed patients. The cytokine 
hypothesis of depression suggests that altered pheripheral cytokine levels are involved in the 
pathophysiology of depressive disorder and in modulating response to treatment. Present 
meta-analysis aimed to investigate the association between cytokine levels at baseline and 
response to antidepressant therapies. Authors performed a systematic search of PubMed 
and Embase databases for studies published between 2010 and January 2021: of 3345 
identif ied records, 31 studies met the inclusion criteria for the qualitative synthesis, 
whereas 19 studies were eligible for quantitative analysis. Patients who failed to respond 
to antidepressant had aberrant inflammatory process, namely higher baseline levels of 
C-Reactive Protein and Interleukine-8, which is associated with treatment outcome in 
Major Depressive Disorder. Despite these promising results, further investigations are 
needed in order to replicate the data and to examine the potential role of inflammatory 
marker as a novel predictive tool for pharmacological treatment of depressive disorder. 
Psychopharmacology Bulletin. 2022;52(1):36–52.

Introduction

Major Depressive Disorder (MDD) is a chronic, disabling medical illness, that 
affects over 320 million people and represents one of the most common cause 
of disability worldwide.1 Despite the progress in psychopharmacology field, 
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only 30% of patients achieve symptomatology remission with the first 
prescribed antidepressant and, to date, the selection of antidepressant 
medication is still based on a trial-and-error approach that could require 
several attempts.2 Treatment‐resistant depression (TRD) is a complex 
phenomenon reflecting a variety of depressive subtypes, psychiatric 
comorbidity, need of adjunctive polypharmacotherapy,3–5 and coexist-
ing medical illnesses;6 furthermore, it represents the highest direct and 
indirect medical costs among MDD patients: individuals with TRD are 
indeed twice as likely to be hospitalized and the cost of this hospitaliza-
tion is more than six times the mean total cost for depressed patients 
who are not treatment‐resistant.7

Many clinicians and researchers proposed that outcome of depres-
sion, such as other psychiatric disorder, could be improved by personal-
izing treatment with the use of biomarker.8–12 The basic definition of 
a biomarker is “a defined characteristic that is measured as an indica-
tor of normal biological process, pathogenic process or response to an 
exposure or intervention” (FDA-NIH Biomarker Working Group). To 
be useful in clinical practice a biomarker should be non-invasive, easily 
measured, and inexpensive; moreover, it should be from a readily avail-
able source, such as blood or urine, and should have high sensitivity and 
specificity.13

Emerging evidence implicate aberrant inflammatory processes in the 
pathogenesis of MDD and mechanisms of antidepressant response.14 
Cytokines mediate signals between immune cells, initiating and coordi-
nating the cascade of immunological response. In the Central Nervous 
System (CNS), peripheral immune response is amplified by local 
inflammatory network, including cytokine production and inflam-
matory signal transduction pathways.15 Altered inflammation has 
been associated with monoamine dysregulation, with increased levels 
of pro-inflammatory cytokines inducing indolamine 2,3-dioxygenase 
(IDO) that converts tryptophan in kynurenine, thereby driving this 
essential aminoacid away from serotonin synthesis.16 Furthermore, a 
persistent up-regulation of pro-inflammatory cytokines also impact 
on neurotransmitter reuptake, activate the hypothalamic-pituitary-
adrenal (HPA) axis and decrease neuroplasticity, contributing to 
the onset of depressive symptomatology.15,17 Patients with MDD 
have been shown to have increased levels of circulating cytokines; 
numerous studies have indeed reported increased levels of interleu-
kin (IL)-1, IL-6, Tumor Necrosis Factor (TNF)-α, and C-reactive 
Protein (CRP) in serum/plasma and cerebrospinal fluid of depressed 
patients.18–20 On the other hand, anti-inflammatory cytokines, 
such as IL-4 and IL-10, were shown to be lower in patients diag-
nosed with MDD.21 Moreover, baseline inflammatory markers have 
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been reported to be associated to antidepressant response; namely, 
higher value of pro-inflammatory cytokines were detected in serum/
plasma of depressed patients who failed to respond to antidepressant 
medication.18,22,23 

In light of the above, it is clear that the association between Major 
Depressive Disorder and altered peripheral cytokines levels have been 
examined in several studies and meta-analysis, but only very few meta-
analysis have investigated the association between baseline cytokines 
levels and treatment outcome and no clear picture emerged.24,25 To 
date, the meta-analysis performed by Liu and colleagues is the most 
comprehensive. Liu’s working group highlighted that, despite so many 
cytokines have been investigated, most of the association were not sig-
nificant and only levels of IL-8 were associated with antidepressant 
response.25 Given the large number of emerging studies investigat-
ing the possible effect of inflammatory markers on treatment response 
in patients with MDD, authors were of the opinion that an updated 
systematic search of literature with meta-analysis on the association 
between baseline cytokine levels and response to treatment in MDD is 
much warrant.

Materials and Methods

A literature search was conducted from PubMed and EmBase data-
bases from 2010 to January 2021 using the combination of terms 
Cytokine, and it synonymous, AND Depressive Disorder, and its synony-
mous, AND Antidepressant, and its synonymous. Inclusion criteria were 
the following:

Study conducted on patients aged over 18 years old, diagnosed with 
Major Depressive Disorder according to the Diagnostic and Statistical 
Manual of Mental Disorder (DSM) or the International Classification 
of Disease (ICD);

Study including any kind of pre-treatment assessment of inflamma-
tory biomarker;

Antidepressant medication must be continued for at least 4 weeks; 
Use of standardized post-treatment symptom evaluation tool 

with a reported cut-off value dividing patients into responder and 
non-responder. 

Studies conducted on bipolar patients and studies in which any anti-
inflammatory treatment was prescribed were excluded from the analysis; 
furthermore, studies that not provide data of mean concentration of 
inflammatory biomarker at baseline and during the follow-up, for 
both group of patients, were excluded from the quantitative synthesis. 
The details of the search strategy are shown in Figure 1.

PB-Gasparini.indd   38PB-Gasparini.indd   38 2/25/2022   11:08:56 AM2/25/2022   11:08:56 AM



Inflammatory Biomarker and Response to Antidepressant in Major Depressive Disorder

39
Gasparini, et al.

Psychopharmacology Bulletin:   Vol. 52 · No. 1

Data extracted include: means, standard deviation (SD) and sample 
size for both responder and non-responder, in addition to methodologi-
cal and participants’ characteristics. When data were provided as log-
transformed values, the raw scale was transformed according to Higgins 
and colleagues’ method one.26 When authors did not provide original 
data, they were also extracted from bar chart using Engauge Digitazier 
software.27

For the quality assessment of the studies included in the quantitative 
synthesis, authors adapted a quality tool referring to the Newcastle-
Ottawa Scale for observational studies28 together with the Cochrane 
common classification scheme for bias. To assess the methodological 
quality of the included studies, the adapted quality tool contained the 
following parameters: 

Sample size ⩾ 40 (yes = 1; no = 0);
Severity of depression reported at baseline and at follow-up (yes = 1; 

no = 0);

FIGURE 1

PRISMA (Preferred Reporting Items for Systematic Review  
and Meta-Analysis) Flow Chart
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Assessment for potential confounder (age, gender, smoking, body 
mass index) (for each confounder: yes = 1; no = 0. Maximum 4 points 
for this parameters);

Drug-naïve patients or patients who experienced a wash-out period 
(yes = 1; no = 0); 

Attrition rate ⩽ 20% (yes = 1; no = 0); 
The need to use data extraction software (yes = 0; no = 1);
Detailed description of laboratory test and procedures used for the 

determination of inflammatory markers concentration (yes = 1; no = 0)
As can be deducted, the total quality score may vary from 0 to 10, with 

a higher score standing for a higher quality of the study. 
Meta-analysis was conducted, using Review Manager Software 

(RevMan—Version 5.4), only when each cytokine was investigated 
in at least three studies. The effect size (ES) was provided estimating 
standard mean difference for each cytokine with a confidence interval 
(CI) of 95%. To assess heterogeneity across the studies, authors per-
formed the Cochran Q test and quantified the heterogeneity with the 
I^2 statistic.29 An I^2 < 25% indicates a low grade of heterogeneity 
across studies, whereas an I^2 ranging from 25 to 75% was deemed to 
have a moderate grade of heterogeneity, and an I^2 > 75% indicates a 
high degree of heterogeneity. Whenever the heterogeneity across stud-
ies was low/moderate (< 50%), authors pooled the ES using a fixed-
model effect, whereas for an I^2 > 50% the ES was calculated using a 
random-model effect. An ES of 0.2 was considered low, 0.5 moderate 
and 0.8 large.30 Publication bias were inspected checking funnel plot 
for asymmetry. A p-value < 0.05 was considered statistically significant.

Results

A total of 3345 studies were identified through databases search-
ing as potentially eligible for the purpose of the present study. Articles 
were examined independently by two researchers and a third researcher 
was involved whenever there was a dissenting opinion among the main 
investigators. A total of 127 articles were identified as potentially eligible 
based on title and abstract; of these only 31 studies were retrieved for 
qualitative synthesis after full-text review, whereas 19 studies met the 
inclusion criteria for meta-analysis. Table 1 shows the main character-
istics of the included studies; articles included in the meta-analysis are 
reported in bold (Table 1).

As is clear from table 1, results from qualitative synthesis are inconclu-
sive and often at odds with each other; moreover, many authors failed to 
demonstrate a statistically significant association between pre-treatment 
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levels of inflammatory markers and response to antidepressant therapy. 
Results from meta-analysis are displayed in Table 2; statistically signifi-
cant results are reported in bold.

Four studies investigated the possible role of IL-1β as a predictor of 
treatment response, of which three studies are eligible for the quanti-
tative synthesis. Fornaro and his colleagues observed higher levels of 
IL-1β in patients showing a better response to antidepressant treatment 
(p = 0.032); furthermore, they highlighted an IL-1β/IL-10 ratio lower 
in non-responder (2.32 ± 0.92 vs 1.73 ± 0.58; p = 0.040), suggest-
ing that an altered Th1/Th2 ratio could be responsible, to some extent, 
of the variability observed in response to antidepressant medication.31 
Similar results were reported in a recent study by Chen and co-authors.32 
Baseline IL-1β levels did not differ between responder (n = 89) and 
non-responder (n = 75) across the include studies (ES = 0.19 [−0.49, 
0.86]; p = 0.64). 

Baseline IL-2 levels were investigated in five studies, of which four 
were included in meta-analysis comprising 152 responders and 155 
non-responders. Although some authors demonstrated higher levels 
of IL-2 in those patients with a better response to therapy,32,33 from 
meta-analysis no statistically significant differences emerged (ES = 
0.48 [−0.07, 1.03]; p = 0.09). 

The possible association between IL-4 baseline levels and response 
to antidepressant were investigated has been explored in 5 studies. The 
data in literature are inconclusive, with some authors demonstrating 
higher levels of IL-4 in responders33 in striking contrast with other 
authors who have pointed higher baseline levels in those patients who 
failed to respond to antidepressant treatment.32 Across the four studies 
included in meta-analysis, no statistically significant difference between 
the two groups emerged (ES = −0.14 [−0.48, 0.20]; p = 0.41). 

TABLE 2

Meta-analysis of Studies Measuring Baseline Cytokine Levels 
in Responder and Non-responder

CITOCHINA RESPONDER (N) NON RESPONDER (N) ES (IC 95%) P-VALUE I 2(%)

IL-1β 89 75 0.19 [–0.49, 0.86] 0.64 74
IL-2 152 155 0.48 [–0.07, 1.03] 0.09 81
IL-4 114 132 –0.14 [–0.48, 0.20] 0.41 38
IL-6 374 362 0.02 [–0.13, 0.17] 0.79 1
IL-8 151 144 –0.27 [–0.49, –0.05] 0.02 10
IL-10 134 152 –0.00 [–0.24, 0.23] 0.98 29
TNFα 380 282 –0.03 [–0.33, 0.27] 0.83 66
INFg 110 136 –0.06 [–0.31, 0.19] 0.64 45
PCR 698 795 –0.18 [–0.28, –0.08] 0.0006 0
GM-CSF 123 137 0.09 [–0.16, 0.33] 0.48 0
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IL-6 is one of the most investigated cytokines in MDD, being subject 
to several studies: 

of the 13 studies included in the qualitative analysis, 10 were selected 
for meta-analysis, for a total of 736 patients (M = 359; F = 377), of 
which 374 responders and 362 non-responders. Although several studies 
have highlighted how non-responder patients have significantly higher 
IL-6 levels than responders,34,35 and how lower values of this cytokine 
are associated with a better response to antidepressant therapy,36 the 
data currently present in the literature do not allow to draw unambigu-
ous conclusions. Indeed, from quantitative analysis of the data avail-
able no statistically significant differences between the two groups of 
patients emerged (ES = 0.02 [−0.13, 0.17]; p = 0.79). 

Five studies evaluated baseline plasma levels of IL-8 in a total of 
335 patients (M = 115; F = 220), including 171 responders and 164 
non-responders.

MDD patients who showed a worse treatment response at the end-
point had significantly higher levels of IL-8 at baseline, with a moder-
ate effect size (ES = −0.27 [−0.49, −0.05]; p = 0.02). Heterogeneity 
across the included studies was low (I^2 = 10%), and visual inspection 

FIGURE 2

Baseline IL-8 and Treatment Response: Forest Plot and Funnel Plot
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of funnel plot shows a quite symmetrical distribution of studies, thus 
allowing to exclude important publication bias (Figure 2). 

In a study, conducted on 30 patients with depression, Schmidt and 
collaborators demonstrated that patients responding to antidepressant 
therapy had higher baseline levels of IL-10 than non-responding patients 
(p = 0.001).33 This result seems to be confirmed by a recent study, con-
ducted on 210 patients from two randomized placebo-controlled clinical 
studies, in which the authors showed a better response to antidepressant 
therapy in the group of patients who had higher baseline levels of IL-10 
(p = 0.009).37 Despite these promising results, quantitative analysis did 
no shows any significant differences between the two group of patients 
(ES = −0.00 [−0.24, 0.23]; p = 0.98).

Many authors found no statistically significant differences between 
baseline TNFα levels in responder and non-responder patients. In 
two studies, on the other hand, higher values were found in patients 
who had a good response to antidepressant therapy,33,38 a result that 
seems to be confirmed by the evidence of a positive correlation between 
baseline TNFα levels and response to antidepressant therapy.37 The 
potential role of TNFα as a predictor of response to antidepressant was 
investigated in 11 studies, on a total of 662 patients (M = 292; F = 
370) including 380 responders and 282 non-responders: no statistically 
significant differences between the two groups of patients was observed 
(ES = −0.03 [−0.33, 0.27]; p = 0.83). 

For what concern the role of INFγ, it was investigated six studies, 
of which four met the inclusion criteria for the meta-analysis. Plasma 
concentrations of INFγ were evaluated on a total of 246 patients (M 
= 84; F = 162) of which 110 showed a satisfactory response to anti-
depressant therapy and 136 were considered non-responsive to therapy. 
the quantitative analysis of the included studies did not show statisti-
cally significant differences between the two groups of patients (ES = 
−0.06 [−0.31, 0.19]; p = 0.64). 

Several authors, especially in recent years, have focused on the study of 
C-reactive Protein (CRP) as a possible predictor of response to antide-
pressant therapy in patients with MDD. From the qualitative analysis, 
it is clear that different research groups have shown higher baseline 
CRP values in non-responder patients.39–41 In greater detail, Uher and 
collaborators showed that high baseline CRP values were associated 
with a worse response to Escitalopram compared to patients treated 
with Nortriptyline.42 This finding seems to be confirmed by a subse-
quent study, which found that higher CRP values were associated with 
a worse response to SSRI monotherapy than to SSRI + Bupropion 
combination.43 In a subsequent study, Jha and collaborators high-
lighted how gender is an important factor in modulating the association 
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between baseline CRP values and response to antidepressant therapy. 
In fact, according to what the authors reported, high CRP values would 
be associated with a worse response to antidepressant therapy only in 
females, while in males there would be an inversion of this trend.44 In 
contrast to the results described so far, Mocking’s working group, in a 
study conducted on 70 patients with DDM, found higher CRP values 
in responder patients than in non-responders.45

Seven studies were included in meta-analysis: baseline CRP levels 
were assessed on a total of 1493 patients (M = 691; F = 802), includ-
ing 698 responders and 795 non-responders. From quantitative analysis 
a statistically significant association emerged between the baseline CRP 
values and response to antidepressant therapy, with higher values in 
non-responder patients, with a small effect size (ES = −0.18 [−0.28, 
−0.08]; p = 0.0006). No heterogeneity across studies was observed (I^2 
= 0%) and funnel plot shows no evidence of publication bias. 

Currently available data on the possible role of GM-CSF as a marker 
response antidepressant response are inconclusive and in contrast to 
each other. While some authors have found higher levels of this cytokine 
in non-responder patients,46 other have highlighted how patients who 
were subsequent responder have higher baseline levels of GM-CSF than 
patients who do not have an adequate response.33 Baseline GM-CSF 
levels were assessed on a total of 260 patients with depression (M = 94; 
F = 166), of which 123 responders and 137 non-responders: no statisti-
cal association emerged from meta-analysis (ES = 0.09 [−0.16, 0.33]; 
p = 0.48). 

From qualitative synthesis, a correlation between elevated levels of 
IL-12 and a better response to antidepressant therapy emerged, as high-
lighted in study conducted by Schmidt’s working group.32 Furthermore, 
in a recent study conducted on 166 patients with DDM, authors showed 
that elevated baseline levels of IL-17 are associated with a worse 
response to monotherapy with SSRI, but with a better response to the 
combination of SSRI and Bupropion.47 No differences of baseline levels 
of Eotaxin, sCD40L, MCP-1, MIP-1, IL-13, MCP-4, MDC, IP-10, 
TARC, IL-18, IL-33, and IL-5 were observed between responders and 
non-responders.32,46,48–50

Discussion

As previously stated, this review with meta-analysis was conducted 
with the aim of investigating the existence of a possible correlation 
between circulating levels of inflammatory cytokines and antidepressant 
response, for the purpose of identifying a possible predictive marker of 
treatment response that could guide the clinician in the prescription 
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of a personalized therapy for the single individual. It was found that 
patients with DDM, responsive to antidepressant therapy, have lower 
baseline levels of IL-8 and CRP than non-responders. These results 
confirm, to some extent, Liu and collaborators findings: the authors 
have indeed found higher circulating levels of IL-8 in patients with 
inadequate response to conventional antidepressant therapies, but did 
not find any significant differences in baseline CRP levels.25 

IL-8 is a well-known chemotactic factor for neutrophils which, at 
the peripheral level, is produced by monocytes, lymphocytes and endo-
thelial cells, while at the central level it is released mainly by microglia 
cells. The exact function of IL-8 is not yet fully known: it seems to 
have both pro-inflammatory and anti-inflammatory action depending 
on its concentration. High concentrations of IL-8 would inhibit the 
infiltration of neutrophils into the site of infection, thus exerting an 
anti-inflammatory effect. This dual function could explain, at least to 
some extent, the inconsistency of the association found between its 
circulating levels and the depressive disorder.51 In a recent study on 40 
DDM patients, higher baseline IL-8 values have been associated with a 
worse treatment outcome only in female patients.52 This gender differ-
ence could be traced to the increased secretion of IL-8 due to estradiol 
which seems to stimulate the production of this cytokine in human 
immature dendritic cell cultures.53

C-Reactive Protein is an acute phase protein whose production by 
liver cells is induced by some pro-inflammatory cytokines, especially 
IL-6, in response to infections, inflammatory processes and tissue dam-
age. The association between higher CRP and MDD has been doc-
umented by several authors.54,55 In particular, CRP was found to be 
elevated in patients with treatment-resistant depression and in patients 
who had suffered trauma in childhood;19 furthermore, elevated CRP 
values seem to correlate with a prevalence of vegetative symptoms, such 
as psychomotor slowdown and insomnia.56 As previously pointed out, 
the analysis of the available data revealed a statistically significant asso-
ciation between baseline levels of CRP and antidepressant response, 
with higher values found in non-responders. Specifically, several authors 
have highlighted how elevated CRP values are associated with a worse 
response to therapy with selective serotonin reuptake inhibitors.20,42,44 
The effects of inflammatory markers on serotonin transport and tryp-
tophan metabolism, through the activation of the IDO enzyme, could 
at least partially explain the resistance to SSRIs observed by the afore-
mentioned authors. Jha’s working group recently highlighted how the 
response to antidepressant therapy is negatively influenced by base-
line CRP values only in female patients.44 Gender differences in the 
immune system have been known for some time and are due to both 
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genetic and hormonal factors. Female subjects generally have higher 
levels of inflammatory markers than men;57 moreover, in women there 
is an imbalance of the immune response towards Th2 response, contrary 
to what happens in the male sex in which the Th1/Th2 ratio is unbal-
anced towards Th1 response. SSRIs reduce the production of cytokines 
produced by Th2 lymphocytes, while drugs with noradrenergic action 
inhibit the Th1 mediated response.58 This antidepressant drugs effect 
could explain, at least in some extent, the gender differences between 
baseline CRP levels and treatment outcome. 

Compared to the plasma IL-8 assay, CRP quantification has some 
advantages, including lower cost, greater sample stability both at room 
temperature and refrigerated, shorter reporting time and less labori-
ous laboratory procedures. CRP, even more than IL-8, could therefore 
represent a pragmatic clinical marker as it is easily available, cheap, rela-
tively stable and its dosage is not influenced by either the time of collec-
tion or food intake. In the light of the above, it seems legitimate to think 
that CRP could represent a valid tool to help clinicians choosing the 
most appropriate antidepressant therapy for each patient. Although the 
results obtained so far are promising, further studies are needed in order 
to test the replicability of the data, also extending the investigation to 
other classes of antidepressants and, hopefully, also evaluating whether 
high values of the inflammatory marker may somehow influence the 
tolerability of drugs. 

There are several limitations in this study. First of all, due to small 
number of studies included in each analysis, it is not possible to exclude 
the possibility of publication bias and small study-effect, despite the 
inspection of funnel plot. Furthermore, the quality of the included 
studies varies significantly and many studies were at high/moderate 
risk of bias.

Conclusions

The theme of the personalization of psychopharmacological ther-
apy is as alive as ever in recent years, and succeeding in identifying an 
easily assessable marker, represents the main objective to which future 
studies should focus on in future studies, trying to ensure the patient 
more tailored solutions and therefore more effective and safe thera-
pies, also reducing healthcare costs.59 Although the results obtained 
so far are promising, the scientific community still appears far from 
identifying such a parameter. It also seems reasonable to believe that 
future studies, rather than looking for single predictive markers of non-
response, should be aimed at finding combinations of markers that take 
consideration the wide heterogeneity of Major Depressive Disorder. D
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