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Abstract

Background: The relationship between antidepressant response and glial, inflammatory, and metabolic markers is poorly 
understood in depression. This study assessed the ability of biological markers to predict antidepressant response in major 
depressive disorder (MDD).
Methods: We included 31 MDD outpatients treated with escitalopram or sertraline for 8 consecutive weeks. The Montgomery-
Åsberg Depression Rating Scale (MADRS) was administered at baseline and at week 4 and 8 of treatment. Concomitantly, 
blood samples were collected for the determination of serum S100B, C-reactive protein (CRP), and high-density lipoprotein 
cholesterol (HDL)-C levels. Treatment response was defined as ≥50% improvement in the MADRS score from baseline to 
either week 4 or 8. Variables associated with treatment response were included in a linear regression model as predictors of 
treatment response.
Results: Twenty-seven patients (87%) completed 8 weeks of treatment; 74% and 63% were responders at week 4 and 8, 
respectively. High S100B and low HDL-C levels at baseline were associated with better treatment response at both time points. 
Low CRP levels were correlated with better response at week 4. Multivariate analysis showed that high baseline S100B levels 
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and low baseline HDL-C levels were good predictors of treatment response at week 4 (R2 = 0.457, P = .001), while S100B was at 
week 8 (R2 = 0.239, P = .011). Importantly, baseline S100B and HDL-C levels were not associated with depression severity and did 
not change over time with clinical improvement.
Conclusions: Serum S100B levels appear to be a useful biomarker of antidepressant response in MDD even when considering 
inflammatory and metabolic markers.

Keywords:  S100B protein, reactive-C protein, HDL-cholesterol, major depression, antidepressant

Introduction
Psychoimmunology has sought to elucidate how inflammatory 
and metabolic abnormalities are related to major depressive 
disorder (MDD) and treatment response (Ioannou et al., 2020). 
A recent approach to study the interplay between the immune 
system, brain function, and novel therapeutical strategies is fo-
cused on the regulatory action exerted by the immune system on 
neurotrophic factors, neural plasticity, and neurodegeneration 
(Shi et al., 2020; Branchi et al., 2021). In this sense, glial activation 
has come to the fore with the finding that glial-derived S100B 
seems to be involved both in depression and antidepressant re-
sponse (Ponath et al., 2007; Bargerstock et al., 2014).

Glial-derived S100B is a calcium-binding protein linked to 
numerous regulatory and immune pathways. Produced and se-
creted by both intracerebral (e.g., astrocytes) and extracerebral 
(e.g., adipocytes) sources (Bargerstock et  al., 2014), S100B has 
paracrine and autocrine effects on neurons and glia (Ponath 
et  al., 2007). At low concentrations, S100B provides beneficial 
neurotrophic effects, limits stress-related neuronal injury, in-
hibits microglial tumor necrosis factor α (TNF-α) release, and 
increases astroglial glutamate reuptake (Steiner et  al., 2011; 
Najjar et  al., 2013). Thus, it contributes to neurite outgrowth, 
enhancing neuron survival and supporting serotonergic neuron 
development (Huttunen et al., 2000; Najjar et al., 2013). By con-
trast, higher extracellular S100B concentrations have harmful 
effects mediated by the receptor for advanced glycation end 
products. These effects include neuronal apoptosis, increased 
production of the pro-inflammatory prostaglandins such as 
cyclooxygenase-2-mediated prostaglandin E2, interleukin 
(IL)-1β, inducible nitric oxide species, and the upregulation of 
monocytic/microglial TNF-α secretion (Steiner et al., 2011, 2012; 
Najjar et al., 2013). Additionally, due to their predominantly glial 
origin, elevated serum S100B levels may also indicate reduced 
integrity of the brain blood barrier and less neural protection 
from peripheral inflammation or circulating toxins (Thelin et al., 
2013; Koh and Lee, 2014; Wu et al., 2021).

Increased levels of S100B in the cerebrospinal fluid (CSF) and 
serum have been associated with various neuropathological 
conditions, such as acute brain injury, neurodegenerative dis-
orders, and psychiatric disorders (Michetti et al., 2012, 2019). In 
mood disorders, S100B has been shown to be elevated in acute 

affective episodes, that is, major depressive episode in MDD 
or both manic and depressive episodes in bipolar disorders 
(Kroksmark and Vinberg, 2018). Nonetheless, there are several 
inconclusive reports whether S100B levels are elevated in MDD 
over time (Jang et al., 2008) or decline with successful antidepres-
sant treatments (Schroeter et al., 2008). Another aspect of great 
interest is the potentiality of S100B in modulating the course of 
MDD and predicting antidepressant response. In patients with 
MDD who were followed naturalistically in a standard hospital 
setting, elevated S100B levels have been reported at the begin-
ning of antidepressant treatment and correlate positively with 
subsequent treatment response (Arolt et  al., 2003; Jang et  al., 
2008). Moreover, in a randomized double-blind trial, elevated 
S100B levels were shown to be related to a better antidepressant 
response in melancholic features of MDD (Ambrée et al., 2016).

Regarding the relationship between inflammation, immunity, 
and depression, elevated serum levels of inflammatory cyto-
kines, including C-reactive protein (CRP), IL-6, IL-1β, and TNF-α, 
have been reported in patients with MDD (Capuron et al., 2017a; 
Poole and Steptoe, 2020). Consistent with this observation, low 
levels of CRP and pro-inflammatory cytokines have been asso-
ciated with greater response to selective serotonin reuptake in-
hibitors (SSRIs) (Jha et al., 2018). However, not all patients with 
increased inflammatory marker levels develop MDD (Lotrich, 
2015), nor do all patients with MDD have immune activation 
(Osimo et al., 2019). Inflammation could be considered a trigger 
for the further development of MDD when it interacts with other 
risk factors. In this sense, it seems that metabolic factors may 
play a crucial role in this relationship. Indeed, today it is clearly 
established that obesity, as defined by a body mass index (BMI) 
>30, and related abnormal eating habits activate inflammatory 
processes, thereby precipitating the occurrence of MDD (Capuron 
et al, 2017b; Delgado et al., 2018; Oriolo et al., 2019). Adipocytes 
secrete hormones that regulate energy homeostasis (e.g., leptin, 
ghrelin, adiponectin) and also produce pro-inflammatory cyto-
kines. Interestingly, it has been shown that HDL-cholesterol 
(HDL-C) levels are typically low in inflammatory states (Feingold 
and Grunfeld, 2016), which is important when implicating in-
flammatory processes in MDD (Melin et  al., 2019). Cholesterol 
is a key synapse-promoting signal released to neurons by the 
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The glial-derived neurotrophic marker S100B is a calcium-binding protein involved in numerous regulatory and immune path-
ways. The aim of the present study was to study the association of the S100B protein levels with antidepressant treatment 
response considering inflammatory (C-reactive protein) and metabolic markers (high-density lipoprotein cholesterol [HDL-C]).

We included 31 outpatients with a major depressive disorder treated with antidepressants (escitalopram or sertraline) for 8 
weeks. Treatment response was defined as ≥50% improvement in the Montgomery-Åsberg Depression Rating Scale score from 
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astroglia (Mauch et al., 2001; Stenovec et al., 2020). It has been 
suggested that loss in glial cell numbers in patients with MDD 
(Rajkowska and Stockmeier, 2013; Sanacora and Banasr, 2013) 
is related to cholesterol imbalance (Stenovec et  al., 2020). Not 
only has MDD been linked to lower levels of HDL-C (Lehto et al., 
2008a; Penninx et al., 2013), but also low levels of HDL-C have 
been observed in people after attempting suicide (Zhang et al., 
2005). Reciprocally, high psychological well-being also predicted 
high HDL-C levels in a longitudinal study (Radler et al., 2018).

To our knowledge, there is no study assessing the relation-
ship of MDD with glial activation and injury, blood–brain barrier 
disruption, inflammation, and metabolic markers simultan-
eously in a prospective design. Moreover, the question of the 
predictive value of baseline serum S100B levels, together with 
inflammatory and metabolic markers, on antidepressant treat-
ment response remains to be elucidated. Based on previous 
findings, we hypothesized that patients with high baseline 
S100B levels would respond better to antidepressant treatment. 
Since some studies have also reported an association between 
inflammatory markers (e.g., CRP) and metabolic markers (e.g., 
HDL-C) with treatment response, the influence of S100B levels 
was controlled for this association (Ioannou et al., 2020).

METHODS

Study Participants

We studied 31 adult patients fulfilling the DSM-IV-R criteria 
for current MDD. They were consecutively recruited at the out-
patient unit of the Department of Psychiatry and Psychology, 
Hospital Clinic, University of Barcelona.

To be included in the study, patients could not be older 
than 70 years or currently suffer from bipolar disorder, schizo-
phrenia, anxiety disorders (except for social anxiety and gen-
eralized anxiety disorders), alcohol or drug abuse/dependence 
(except for nicotine), and severe suicidal ideation. Patients were 
also excluded if they met any of the following criteria: had an 
acute or chronic inflammatory condition or a serious medical 
condition requiring steroids or non-steroidal anti-inflammatory 
drugs, immunosuppressive drugs, or chronic thyroid hormone 
replacement; received an antidepressant less than 3  days be-
fore starting the study (8  days for fluoxetine or 2 weeks for a 
non-selective and irreversible monoamine oxidase inhibitor); 
were previously treated unsuccessfully with venlafaxine; and 
were pregnant or breastfeeding women.

The ethics committee of our institution approved the study. 
The protocol was conducted in accordance with the ethical 
standards laid down in the Declaration of Helsinki (1964), as 
amended in Edinburgh (2000). All patients gave written informed 
consent after the study procedures had been explained in detail.

Sociodemographic and Clinical Assessments

At baseline, we gathered details about sociodemographic and 
clinical variables from all participants, including their medical 
and psychiatric histories, current pathologies and treatments, 
tobacco consumption, heart rate, blood pressure, body weight, 
and BMI (kg/m2). At baseline, all patients underwent routine 
physical examination and laboratory screening (serum elec-
trolytes; CRP; lipid profile; renal, liver, and thyroid function; 
standard ECG) and were evaluated by a trained psychiatrist. The 
MINI International Neuropsychiatric Interview (Sheehan et al., 
1998) was used to explore current and past MDD and associ-
ated psychopathology. The Global Assessment of Functioning 
(GAF) scale (Endicott et al., 1976) was used to assess how well an 

individual was functioning in their daily lives (scored 0–100, with 
higher scores representing superior functioning). Depressive 
symptomatology was assessed using the Spanish validated ver-
sion (Lobo et al., 2002) of the 10-item (apparent sadness, reported 
sadness inner depression, reduced sleep, reduced appetite, con-
centrations difficulties, lassitude, inability to feel, pessimistic 
and suicidal thoughts), clinician-administered, Montgomery 
and Åsberg Depression Rating Scale (MADRS) (Montgomery and 
Åsberg, 1979). This 10-item rating scale consists of items with 
a Likert scale ranging from 0 to 6. A total score between 34 and 
60 indicates severe depression, 20–24 moderate depression, and 
7–19 mild depression. MADRS and GAF scales were also admin-
istered after 4 and 8 weeks of treatment.

Antidepressant Treatment

After full evaluation and confirmation of the current diagnosis of 
MDD, one of the following standard antidepressant treatments 
was initiated: escitalopram 10 mg/d, increased up to 20 mg/d at 
week 4 depending on clinical efficacy and tolerance; sertraline 
50 mg/d, increased up to 100 mg/d at the end of week 4, based on 
clinical efficacy and tolerance. The clinical status of depressed 
patients was evaluated every 4 weeks. Antidepressant response 
was considered if patients achieved a ≥50% reduction in their 
MADRS scores at weeks 4 or 8. If antidepressant response was 
achieved at week 4, medication was not increased.

S100B, CRP, and HDL-C Analysis

Sampling for serum S100B, CRP, and HDL-C levels took place at 
8:00 am. Blood samples were immediately centrifuged to remove 
plasma, which was stored at −80°C until all samples had been 
collected. These were transported on dry ice to the University 
of the Basque Country. S100B levels were measured using a spe-
cific sandwich enzyme-linked immunosorbent assay kit (ELISA 
Kit for S100 Calcium Binding Protein B, product nº SEA567Hu) 
according to the manufacturer’s instructions (Cloud-Clone Corp, 
Wuhan, China). The concentration gradients of the kit standards 
or positive controls have a detection range from 0.156 to 10 ng/
mL, with an estimated sensitivity of 0.056 ng/mL. The inter- and 
intra-assay coefficients of variation (CV) were <12% and 10%, re-
spectively. CRP levels were analyzed using Atellica CH C-Reactive 
Protein_2 (CRP_2) (Siemens Healthcare Diagnostics, Erlanguen, 
Germany). It measures CRP by an inmunoturbidimetric assay 
potenciated with latex. It provides results in a range of values 
between 0.4 and 30.4 mg/dL. The reference interval of CRP for 
healthy adults was established at <1.0  mg/dL. Precision was 
calculated as intra- and inter-assay CV, where CV (%) = SD/
mean × 100 (intra-assay: CV < 8%; inter-assay: CV < 9%). HDL 
cholesterol levels were analyzed using Atellica CH Direct HDL 
Cholesterol assay (Siemens Healthcare Diagnostics) based on 
the procedures developed by Izawa et al. (1997). It provides re-
sults in a range of values between 20 and 129 mg/dL. The ref-
erence intervals are <40.0  mg/dL for low HDL (high risk) and 
≥60.0 mg/dL for high HDL (low risk). Precision was calculated as 
intra- and inter-assay CV with intra-assay CV < 8% and inter-
assay CV < 8%).

Statistical Analysis

Histograms and the Shapiro–Wilk test were used to check the 
normality of continuous variables. S100B protein, CRP, HDL-C, 
MADRS, and GAF deviated from normal distribution (Shapiro–
Wilks, >0.05). In the bivariate analysis, chi-square tests were used 
for qualitative analysis of 2 independent variables, with Student 
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t tests or Mann–Whitney U tests used when variables deviated 
from the normal distribution. Spearman’s correlation was calcu-
lated to assess the association between 2 continuous variables, 
using the following cut-offs: 0 (absence), 0.1–0.3 (weak), 0.4–0.6 
(moderate), 0.7–0.9 (strong), and 1 (perfect). To compare S100B, 
CRP, and HDL-C levels with the MADRS and GAF scores at the 
3 time-points, we used the repeated-measures non-parametric 
Friedman test for non-normally distributed related samples.

Finally, linear regression analysis was done with the anti-
depressant response (≥50% reduction in the MADRS score) from 
baseline to week 4 and 8 as the dependent variable. Those variables 
significantly correlated with treatment response at any time in the 
bivariate analysis were included in the multivariant linear regres-
sion model. The results are expressed as adjusted R2, F(df). Effects 
were considered significant when P < .05. All analyses were calcu-
lated using IBM SPSS Version 22 (IBM Corp., Armonk, NY, USA).

Sensitivity, specificity, positive and negative predictive 
values, and rates of false positive and negative were calculated 
for S100B levels as marker of treatment response using the me-
dian concentrations at baseline as cut-off value.

RESULTS

Characteristics of Cohort Participants

Table 1 summarizes the basal demographic and clinical vari-
ables of the 31 participating outpatients (58% female). Their 
mean age was 37.4 ± 8.9 years. Nine (29%) met the diagnosis of 

recurrent MDD. All were candidates to receive standard anti-
depressant treatment.

Baseline Relationship Between Clinical and 
Biological Data

Analysis of baseline depression severity (MADRS) with base-
line S100B (r = −0.249, P = .177), CRP (r = −0.113, P = .545), or HDL-C 
(r = 1.137, P = .461) revealed no significant correlation between 
these variables. The only significant correlation between GAF 
scores and biological data was a moderate inverse association 
with CRP levels (r = −0.487, P = .006). Finally, we analyzed the as-
sociation within biological markers showing a significant mod-
erate inverse association between S100B and HDL-C levels at 
baseline (r = −0.362, P = .046). Table 2 shows baseline clinical and 
biological data.

Longitudinal Clinical and Biological Data of the 
Treated Sample

Table 2 shows the longitudinal clinical and biological data for the 
remaining 27 patients with MDD who received antidepressants 
and were followed over the next consecutive 8 weeks of treat-
ment (i.e., baseline, weeks 4 and 8). Clinical variables (MADRS, 
GAF scores) showed a statistically significant clinical improve-
ment (Friedman test) in response to the antidepressant treat-
ment (weeks 4 and 8, P < .001). In addition, S100B, CRP, and HDL-C 
levels did not change over time with clinical improvement, as 

Table 1. Sample Characteristics at Baseline (n = 31)

Variables N (%)/×(SD) Range 

Age 37.4 (8.9) (20–59)
Gender   
 Female 17 (54.8)  
 Male 14 (45.2)
Job status   
 Student 1 (3.2)
 Employed 17 (54.8)
 Student and employed 4 (12.9)
 Employed but sick leave 4 (12.9)  
 Unemployed 4 (12.9)
 Pensioner 1 (3.2)
Marital status
 Unmarried 17 (54.8)  
 Married/engaged 8 (25.8)
 Separate/divorced 4 (12.9)
 Widowed 2 (6.4)
Ethnicity  
 Caucasian 25 (80.6)
 Arab 1 (3.2)
 Hispanic American 5 (16.1)
Weight (kg) 71.0 (13.0) (47–98)
Height (cm) 171.0 (8.08) (157–186)
Abdominal circumference (cm) 87.4 (10.5) (71–111)
BMI 24.2 (3.9) (18.4–33.4)
Psychiatric history   
 Major depressive episode 4 (12.9)
 Depression, no specified 1 (3.2)
 General anxiety disorder 3 (9.7)
 Adjustment disorder with anxiety/depressive symptoms 3 (9.7)
 Any mental disorder 11 (35.5)
Tobacco consumption 16 (51.6)  
Medical comorbidities (hypertension, dyslipidemia) 4 (13.0)  

Abbreviation: BMI, body mass index.
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indicated by the lack of a significant difference between S100B, 
CRP, and HDL-C levels from baseline (P > .05).

Treatment Response

Twenty-six participants (83.9%) were treated with escitalopram 
and 5 (16.1%) with sertraline. Four participants expressed per-
sonal reasons to withdraw from the study. The final sample at 
week 8 was 27 patients (87%). Escitalopram and sertraline were 
generally well-tolerated. Only 2 patients of those receiving 
escitalopram experienced dizziness within the first few days of 
therapy. Overall adherence was >80% at both assessment points: 
(1) at week 4, four patients had missed medication for 1 day, and 
1 patient had missed it for 3 days; and, (2) at week 8, five patients 
had missed their medication for 1 day. At week 4 or 8, 25 (74%) 
and 21 (63%) patients had responded adequately to antidepres-
sant treatment, respectively.

Differences in Baseline Clinical and Biological 
Variables Among Responders and Non-responders

The sample was stratified into responders and non-responders 
based on ≥50% reduction in MADRS scores. Twenty-five (74%) 
and 21 (63%) patients were responders at week 4 and 8, 
respectively.

Bivariate analysis showed no statistically significant gender 
difference in treatment response at either week 4 or week 8 
(x2 = 0.306, P = .580; x2 = 0.422, P = .516), psychiatric history (x2 = 0.290, 
P = .590); x2 = 0.337, P = .561), tobacco use (x2 = 0.306, P = .580;  
x2 = 0.022, P = .883), medical comorbidities (x2 = 0.652,  
P = .419; x2 = 3.672, P = .055), or on SSRI treatment used (x2 = 0.633, 
P = .426; x2 = 1.388, P = .239). Moreover, no correlation was found 
at any assessment point between age and treatment response 
(week 4: r = −0.177, P = .342; week 8: r = −0.162, P = .421) or between 
baseline BMI and treatment response (week 4: r = 0.014, P = .940; 
week 8: r = −0.006, P = .978).

Figure 1 presents the significant correlations between 
baseline biological markers S100B, CRP, HDL-C, and treat-
ment response (50% reduction in MDRS) at week 4 or week 8, 
respectively. This analysis revealed a significant association 
with a moderate effect size between baseline S100B levels and 
treatment response at week 4 (r = 0.451, P = .011) and week 8 
(r = 0.440, P = .022). In addition, there was a significant inverse 
association of moderate effect size between baseline HDL-C 
levels and treatment response at week 4 (r = −0.450, P = .013) and 
week 8 (r = −0.401, P = .042). Although there was also an inverse 

significant association with a moderate effect size between 
baseline CRP levels and treatment response, this was observed 
only at week 4 (r = −0.402, P = .025).

Finally, to define groups with high and low baseline S100B 
levels, the median level dichotomized this variable. Patients 
with high baseline S100B levels (≥0.058  ng/mL) had a signifi-
cantly larger improvement in MADRS scores than those with low 
S100B levels (<0.058 ng/mL) at both week 4 (z = −2,329, P = .020) 
and week 8 (z = −2,761, P = .006) (see Figure 2).

Multivariate Linear Regression Models of Treatment 
Response

Table 3 shows multivariate linear regression models and simple 
regression models of treatment response. Multivariate linear 
regression models showed that basal S100B (high/low) and 
HDL-C predicted 45.7% of the variation in treatment response 
at week 4 (adjusted R2 = 0.457, P = .001). Baseline S100B levels 
alone accounted for a 23.9% of the variation at week 8 (adjusted 
R2 = 0.239, P = .011), but baseline CRP levels were not entered in 
the final models.

Simple linear regression analysis showed that S100B as the 
only predictor had a modest predictive value of 29.1% at week 
4 (adjusted R2 = 0.291, P = .004) and that HDL-C alone was similar 
at 31.7% (adjusted R2 = 0.317, P = .003). At week 8, simple linear 
regression with S100B alone predicted 25.9% of the variation in 
treatment response (adjusted R2 = 0.259, P = .007) and that HDL-C 
predicted 16.1% (adjusted R2 = 0.171, P = .143).

The analysis of the statistical quality of serum S100B as 
treatment predictor (Table 4) revealed moderate sensitivity 
(75%), good specificity (86%), positive predictive value (93.75%), 
and a false negative rate of 14.28%. On the other hand, at 8 
weeks of treatment, the results of the analysis showed mod-
erate sensitivity (76.5%) and specificity (70%), a positive pre-
dictive value of 81.3%, and a false positive value of 23.53%.

Discussion

In this study, we found that high S100B levels predicted anti-
depressant response in patients with MDD, even when con-
sidering inflammatory (CRP) and metabolic markers (HDL-C). 
Of note, high S100B levels (compared with a low level) and low 
HDL-C levels at baseline were good predictors of treatment re-
sponse at week 4, although this was only true for S100B at week 
8.  Interestingly, S100B, CRP, and HDL-C levels were not associ-
ated with depression severity and did not change with clinical 

Table 2. Longitudinal Clinical and Biological Data of the Treated Cohort (n = 27)

 Baseline N (%)/×(SD) 4 wk N (%)/×(SD) 8 wk N (%)/×(SD) Qa P 

Clinical variables      
 MADRS total score 25.3 (3.5) 11.3 (4.1) 8.9 (6.1) 44.5 <.001
 GAF total score 66.1 (1.5) 78.6 (1.8) 84.3 (2.3) 44.0 <.001
Biological variables      
 S100B (ng/mL) 0.36 (0.44) 0.33 (0.74) 0.30 (0.47) .651 .722
 CRP (mg/dL) 0.27 (0.22) 0.36 (0.33) 0.41 (0.34) 2.46 .290
 HDL cholesterol (mg/dL) 59.8 (17.6) 61.2 (21.1) 57.4 (14.4) .081 .960
 LDL cholesterol (mg/dL) 119.2(32.3) 112.9 (32.7) 116.8 (30.7) 1.43 .489
 Triglycerides (mg/dL) 99.9 (57.3) 95.2 (54.5) 104.8 (84.1) 3.43 .180
 Glycemia (mg/dL) 78.9 (9.3) 84.2 (21.9) 85.2 (24.7) 2.9 .236
 Leukocytes (109/L) 6.2 (1.40) 5.69 (1.24) 6.48 (2.01) 9.12 .111

Abbreviations: CRP, C-reactive protein; GAF, General Assessment Functioning of DSM-IV-R; MADRS, Montgomery-Åsberg Depression Rating Scale; S100B, S100 calcium-

binding protein B.
aFriedman non-parametric test for repeated measures.
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improvement. The results suggest that S100B protein could be 
a candidate as a potential biomarker of antidepressant respon-
siveness, which remains stable regardless of clinical changes in 
depressive mood.

The study of biological markers of antidepressant response 
still represents an unmet need that would help to predict the 
response and allow us to better personalize the treatments of 
depression in the future (Ambrée et al., 2016; Shi et al., 2020). 
A topic of great clinical relevance is whether levels of the glial 
protein S100B before starting an antidepressant treatment are 
associated with clinical outcome. Supporting our results, pre-
vious studies have reported that high baseline S100B levels 
predict treatment response. Using different patient groups 
(i.e., melancholic/non-melancholic MDD), type of antidepres-
sant treatments (serotoninergic, noradrenergic, dopaminergic) 
and assessment instruments (i.e., Hamilton Depression rating 

Scale), and endpoints (from 4 weeks to 6 months), 3 of 4 studies 
plead for a predictive effect of baseline S100B for antidepres-
sant response (Arolt et al., 2003; Jang et al., 2008; Ambrée et al., 
2016; Jha et  al., 2019). A  recent meta-analysis of the 3 first 
studies that included 51 responders and 73 non-responders 
found that S100B levels at baseline were significantly elevated 
in responders (Shi et al., 2020). These findings were similar in 
patients treated with electroconvulsive therapy, where higher 
baseline S100B levels were associated with better clinical out-
come at both 5 and 30 posttreatment days (Arts et al., 2006) 
and long-term remission time (Carlier et al., 2010; Maier et al., 
2018), although no relationship with treatment response was 
reported (Kranaster et al., 2014). Our findings reinforce these 
previous data and might suggest that patients with high base-
line S100B have an increase in this neurotrophic factor, which 
may promote the antidepressant response (Ambrée et  al., 

Figure 1. Correlation between baseline key variables and treatment response.
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2016). Regarding inflammatory markers and their association 
with the antidepressant response, we found an inverse sig-
nificant correlation between basal CRP levels and treatment 
response at week 4 but not at week 8. This is consistent with re-
ports suggesting that elevated inflammatory markers, such as 
CRP, IL-1β, IL-6, IL-17, and TNF-α, predict poor antidepressant 
outcomes (Baune et al., 2010; Jha et al., 2017, 2018; Miller et al., 
2017; Benedetti et al., 2021). However, baseline CRP levels did 
not predict treatment response at either week 4 or 8 by simple 
or multiple linear regression analysis. It would be interesting 
to simultaneously evaluate other inflammatory markers and 
correlate them with a clinical response to understand better 
these interactions between them. Lastly, in our study, the in-
verse association between baseline HDL-C levels and treat-
ment response at both assessment points was an unexpected 
finding (higher levels/less response). HDL-C and S100B levels 

contributed to the variation in antidepressant response in the 
multivariate linear regression models after 4 weeks of treat-
ment but not at 8 weeks. Contrary to our results, 2 previous 
large cohort studies confirmed that low HDL-C levels predicted 
lower antidepressant response at 2- (Vogelzangs et al., 2014) 
and 5-year (Virtanen et al., 2017) follow-up, respectively. The 
metabolic and inflammatory alterations underlying chronic 
depression could have a less determining role in depressive 
episodes or in the acute antidepressant response (Lehto et al., 
2010).

In relation to the association of protein S100B and depres-
sion, although some studies have reported a significant posi-
tive correlation between depressive severity scores and serum 
S100B levels in patients with MDD (Schroeter et al., 2002; Hetzel 
et al., 2005; Jang et al., 2008; Tsai and Huang, 2016), most have 
reported no association (Arolt et al., 2003; Schroeter et al., 2008; 

Figure 2. Comparison of high and low baseline S100B levels with treatment response. *Mann–Whitney U test

Table 3. Linear Regression Models for Percentage Reduction in MADRS Score at 4 and 8 Weeks

 Treatment response at 4 wk Treatment response at 8 wk

Multiple linear regression models B SE Pa B SE Pb 

Baseline S100B (high/low) 12.017 4.940 .023 22.038 8.031 .011
Baseline HDL-C −0.320 0.139 .031    
 Adjusted R2 0.457   0.239   
 F (df) 9.664 (2, 27)  .001 7.530 (1, 24)  .011

Simple linear regression models B SE P B SE P 

Baseline S100B (high/low) 15.318 4.783 .004 22.665 7.633 .007
 Adjusted R2 0.291   0.259   
 F (df) 10.258 (1, 25)  .004 8.748 (1, 25)  .007
Baseline HDL-C −0.463 0.139 .003 −0.511 0.238 .042
 Adjusted R2 0.317   0.161   
 F (df) 11.130 (1, 24)  .003 4.609 (1, 24)  .042

Abbreviations: CRP, C-reactive protein; df, degrees of freedom; HDL-C, high-density lipoprotein cholesterol; MADRS, Montgomery-Åsberg Depression Rating Scale; 

S100B, S100 calcium-binding protein B; SE, standard error.
aExcluded variables from the model at 4 weeks: baseline CRP level.
bExcluded variables from the model at 8 weeks: baseline CRP level and baseline HDL-C levels.
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Zhang et al., 2009; Schmidt et al., 2015; Ambrée et al., 2016), as 
confirmed in our study. Again, differences in the type or course 
of depression, antidepressant treatment history, and measures 
of depression severity may account for variations in outcomes 
across these studies. More specifically, heterogenous glial ac-
tivity in patients suffering from depression could explain these 
differences. Increasing S100B protein levels has been proposed 
to be a mechanism by which the brain could compensate for 
impaired neuroplasticity in depression (Jang et al., 2008; Hidese 
et al., 2020). However, this compensatory mechanism will neither 
occur in the same way in all patients nor be related directly to 
the severity of depression, explaining the conflicting findings in 
these studies. Finally, some authors have shown that antidepres-
sant treatment reduced S100B levels as depression alleviated 
(Schroeter et al., 2002). Although others have shown that S100B 
levels increased significantly after treatment with different 
antidepressants, the observed increase was more prominent in 
non-responders than in responders (Jang et al., 2008). However, 
consistent with our results, most studies have failed to show that 
medication significantly affects S100B levels during treatment 
(Rothermundt et al., 2001; Arolt et al., 2003; Hetzel et al., 2005; 
Ambrée et al., 2016; Fang et al., 2016; Tsai and Huang, 2016). In 
addition, an important number of patients with MDD exhibit evi-
dence of increased inflammation, and S100B alterations could be 
related to the presence of a metabolic “low inflammation status” 
in MDD. Moreover, elevated circulating metabolic markers are 
often comorbid (Lamers et  al., 2018; Osimo et  al., 2019; Felger 
and Capuron, 2021). In the present study, it seems that depressed 
patients with higher CRP levels at baseline are associated with 
lower general functioning, whereas CRP concentrations do not 
correlate with depression score. It could be hypothesized that 
CRP levels are more associate with functional impairment than 
with current depressive symptoms. We did not find an associ-
ation between HDL-C levels or other metabolic markers and 
MDD severity or with clinical improvement. Initial data from a 
previous case-control study found that persistent depression 
symptoms (>3  years) were associated with low HDL-C levels 
(Lehto et al., 2010). It is known that the duration of depressive 
symptoms may modify biological correlates over time (Lehto 
et al., 2008a, 2008b). In this sense, most depressed patients in our 
sample were recruited during their first depressive episode. Also, 
we excluded inflammatory medical comorbidity and obesity 
while HDL-C levels were in the normal range.

Limitations

There are several limitations to the present study. First, patients 
were recruited consecutively from a single center, thereby re-
ducing the external validity. Although the sample was repre-
sentative of outpatients with moderate-to-severe MDD without 
significant suicidal ideation, we cannot draw conclusions about 
patients with atypical, psychotic, melancholic type, or other 
forms of depression. Second, this was a naturalistic study using 
standard SSRI antidepressant treatment regimens without ran-
domization or placebo control, and the sample size limited our 

ability to study other variables that could be of interest. Indeed, 
only serum S100B levels were measured and not CSF levels that 
more accurately reflect intracerebral concentrations (Uher and 
Bob, 2012). Nevertheless, serum S100B levels are indicative of 
CSF concentrations even though extracranial sources secreted 
S100B (e.g., adipocytes) might interfere with the accurate inter-
pretation of serum levels (Reiber et al., 2001; Ambrée et al., 2016). 
As it was shown in a previous work, S100B levels displayed im-
portant value dispersion, generating a non-normal statistical 
distribution (Jha et al., 2019). Results from the present study are 
compatible with this previous observation, being in the same 
range of values although with less data dispersion. Also, we 
only measured the nonspecific inflammatory marker CRP using 
the standard, non-high sensitivity CRP method. Determining 
the levels of pro-inflammatory cytokine would have been 
interesting to draw conclusions about how inflammation and 
various biological and clinical parameters are inter-related. 
Nevertheless, CRP is considered a reliable marker of the inflam-
matory status, and HDL-C changes are an essential component 
of the metabolic syndrome (Virtanen et al., 2017; Jha et al., 2019). 
Moreover, we enrolled mostly young adults with no other med-
ical comorbidities that could interfere with the interpretation 
of findings.

In conclusion, the results of our study suggest that S100B 
levels show promise as a biomarker of the antidepressant 
response. If confirmed, these findings would open new per-
spective in antidepressant treatment, advancing precision 
care to patients. Using more effective treatments based on 
biomarkers would optimize psychiatric patient care towards a 
more personalized medicine. However, the interaction of this 
marker with other biological biomarkers, together with its im-
pact on depressive symptoms or disorders, requires further 
investigation.

Acknowledgments

We thank the consolidated research groups SGR2017/1798(RMS) 
and the Centre for Biomedical Research in Mental Health 
Network (CIBERSAM), Spain for their support.

This work was supported by an “Emili Letang Premi Final de 
Residència (2017)” grant (G.O.) from Fundació Clínic, Barcelona, 
Spain.

Interest Statement

The authors have declared they have no conflicts of interest to 
disclose. For the financial disclosures not directly related to the 
subjects of the paper, B.A. received speaker’s honoraria and/or 
a travel allowance from Lundbeck, Janssen-Cilag, Sanofi, and Eli 
Lily. He has served on the advisory board of Janssen-Cilag.

References
Ambrée  O, Bergink  V, Grosse  L, Alferink  J, Drexhage  HA, 

Rothermundt M, Arolt V, Birkenhäger TS (2016) S100B serum 

Table 4. Quality of S100B as Antidepressant Response Predictive Marker

Responders Sensibility Specificity Positive predictive value Negative predictive value Accuracy 

At 4 wk 75%  
(50.90%–91.34%)

85.71%  
(42.13%–99.64%)

93.75%  
(70.60%–98.94%)

54.6%  
(34.64%–73.10%)

77.78%  
(57.74%–91.38%)

At 8 wk 76.5%   
(50.10%–93.19%)

70%   
(34.75%–93.33%)

81.3%   
(61.86%–92.05%)

63.6%   
(40.41%–81.87%)

74.07%   
(53.72%–88.89%)

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/25/6/468/6530347 by U

niversite de Bordeaux user on 20 February 2023



476 | International Journal of Neuropsychopharmacology, 2022

levels predict treatment response in patients with melan-
cholic depression. Int J Neuropsychopharmacol 19:pyv103.

Arolt  V, Peters  M, Erfurth  A, Wiesmann  M, Missler  U, Ru-
dolf  S, Kirchner  H, Rothermundt  M (2003) S100B and re-
sponse to treatment in major depression: a pilot study. Eur 
Neuropsychopharmacol 13:235–239.

Arts B, Peters M, Ponds R, Honig A, Menheere P, van Os J (2006) 
S100 and impact of ECT on depression and cognition. J ECT 
22:206–212.

Bargerstock E, Puvenna V, Iffland P, Falcone T, Hossain M, Vetter S, 
Man  S, Dickstein  L, Marchi  N, Ghosh  C, Carvalho-Tavares  J, 
Janigro D (2014) Is peripheral immunity regulated by blood-
brain barrier permeability changes? PLoS One 9:e101477.

Baune BT, Dannlowski U, Domschke K, Janssen DGA, Jordan MA, 
Ohrmann  P, Bauer  J, Biros  E, Arolt  V, Kugel  H, Baxter  AG, 
Suslow  T (2010) The interleukin 1 beta (IL1B) gene is as-
sociated with failure to achieve remission and impaired 
emotion processing in major depression. Biol Psychiatry 
67:543–549.

Benedetti  F, Poletti  S, Vai  B, Mazza  MG, Lorenzi  C, Brioschi  S, 
Aggio  V, Branchi  I, Colombo  C, Furlan  R, Zanardi  R (2021) 
Higher baseline interleukin-1b and TNF-a hamper anti-
depressant response in major depressive disorder. Eur 
Neuropsychopharamacol 42:35–44.

Branchi I, Poggini S, Capuron L, Benedetti F, Poletti S, Tamouza R, 
Drexhage HA, Penninx BWJH, Pariante CM; European College of 
Neuropsychopharmacology (ECNP) ImmunoNeuroPsychiatry 
Thematic Working Group and Marion Leboyer (2021) Brain-
immune crosstalk in the treatment of major depressive dis-
order. Eur Neuropsychopharmacol 45:89–107.

Capuron L, Castanon N (2017a) Role of inflammation in the de-
velopment of neuropsychiatric symptom domains: evidence 
and mechanisms. Curr Top Behav Neurosci 31:31–44.

Capuron  L, Lasselin  J, Castanon  N (2017b) Role of 
adiposity-driven inflammation in depressive morbidity. 
Neuropsychopharmacology 42:115–128.

Carlier  A, Boers  K, Veerhuis  R, Bouckaert  F, Sienaert  P, 
Eikelenboom P, Vandenbulcke M, Stek ML, van Exel E, Dols A, 
Rhebergen D (2010) S100 calcium-binding protein B in older 
patients with depression treated with electroconvulsive 
therapy. Psychoneuroendocrinology 110:104414.

Delgado I, Huet L, Dexpert S, Beau C, Forestier D, Ledaguenel P, 
Aubert  A, Sauvant  J, Aouizerate  B, Magne  E, Capuron  L 
(2018) Depressive symptoms in obesity: relative contri-
bution of low-grade inflammation and metabolic health. 
Psychoneuroendocrinology 91:55–61.

Endicott J, Spitzer RL, Fleiss JL, Cohen J (1976) The global assess-
ment scale: a procedure for measuring overall severity of 
psychiatric disturbance. JAMA Psychiatry 33:766–771.

Fang Y, Xiao SF, Zhang SY, Qiu Q, Wang T, Li X (2016) Increased 
plasma S100b level in patients with major depressive dis-
order. CNS Neurosci Ther 22:248–250.

Feingold KR, Grunfeld C (2016) Effect of inflammation on HDL 
structure and function. Curr Opin Lipidol 27:521–530.

Felger JC, Capuron L. (2021) Special issue: the intersection of in-
flammation and metabolism in neuropsychiatric disorders. 
Brain Behav Immun 93:331–334.

Hetzel  G, Moeller  O, Evers  S, Erfurth  A, Ponath  G, Arolt  V, 
Rothermundt M (2005) The astroglial protein S100B and visu-
ally evoked event-related potentials before and after anti-
depressant treatment. Psychopharmacology 178:161–166.

Hidese  S, Hattori  K, Sasayama  D, Tsumagari  T, Miyakawa  T, 
Matsumura  R (2020) Cerebrospinal fluid neuroplasticity-
associated protein levels in patients with psychiatric dis-

orders: a multiplex immunoassay study. Transl Psychiatry 
10:161.

Huttunen  HJ, Kuja-Panula  J, Sorci  G, Agneletti  AL, Donato  R, 
Rauvala H (2000) Coregulation of neurite outgrowth and cell 
survival by amphoterin and S100 proteins through receptor 
for advanced glycation end products (RAGE) activation. J Biol 
Chem 275:40096–105.

Ioannou M, Foiselle M, Mallet J, Stam EL, Godin O, Dubertret C, 
Terro  E, Sommer  IEC, Haarman  BCM, Leboyer  M, 
Schoevers  RA (2020) Towards precision medicine: what 
are the stratification hypotheses to identify homogeneous 
inflammatory subgroups. Eur Neuropsychopharmacol 
45:108–121.

Jang BS, Kim H, Lim SW, Jang KW, Kim DK (2008) Serum S100B 
levels and major depressive disorder: its characteristics and 
role in antidepressant response. Psychiatry Investig 5:193–
198.

Jha MK, Minhajuddin A, Gadad BS, Chin Fatt C, Trivedi MH (2019) 
Higher S100B levels predict persistently elevated anhedonia 
with escitalopram monotherapy versus antidepressant com-
binations: findings from CO-MED Trial. Pharmaceuticals 
12:184.

Jha  MK, Minhajuddin  A, Gadad  BS, Greer  T, Grannemann  B, 
Soyombo  A, Mayes  TL, Rush  AJ, Trivedi  MH (2017) Can 
C-reactive protein inform antidepressant medication selec-
tion in depressed outpatients? Findings from the CO-MED 
trial. Psychoneuroendocrinology 78:105–113.

Jha MK, Trivedi MH (2018) Personalized antidepressant selection 
and pathway to novel treatments: clinical utility of targeting 
inflammation. Int J Mol Sci 19:233.

Kranaster L, Janke C, Mindt S, Neumaier M, Sartorius A (2014) 
Protein S-100 and neuron-specific enolase serum levels re-
main unaffected by electroconvulsive therapy in patients 
with depression. J Neural Transm 121:1411–1415.

Koh SX, Lee JK (2014) S100B as a marker for brain damage and 
blood-brain barrier disruption following exercise. Sports Med 
44:369–385

Kroksmark H, Vinberg M (2018) Does S100B have a potential role 
in affective disorders? A literature review. Nord J Psychiatry 
72:462–470.

Lamers F, Milaneschi Y, de Jonge P, Giltay EJ, Penninx BWJH (2018) 
Metabolic and inflammatory markers: association with indi-
vidual depressive symptoms. Psychol Med 48:1102–1110.

Lehto  SM, Hintikka  J, Niskanen  L, Tolmunen  T, Koivumaa-
Honkanen  H, Honkalampi  K, Viinamäki  H (2008a) Low 
HDL cholesterol associates with major depression in a 
sample with a 7-year history of depressive symptoms. Prog 
Neuropsychopharmacol Biol Psychiatry 32:1557–1561.

Lehto  SM, Tolmunen  T, Kuikka  J, Valkonen-Korhonen  M, 
Joensuu  M, Saarinen  PI, Vanninen  R, Ahola  P, Tiihonen  J, 
Lehtonen  J (2008b) Midbrain serotonin and striatum dopa-
mine transporter binding in double depression: a one-year 
follow-up study. Neurosci Lett 441:291–295.

Lehto  SM, Niskanen  L, Tolmunen  T, Hintikka  J, Viinamäki  H, 
Heiskanen  T, Honkalampi  K, Kokkonen  M, Koivumaa-
Honkanen  H (2010) Low serum HDL-cholesterol levels 
are associated with long symptom duration in patients 
with major depressive disorder. Psychiatry Clin Neurosci 
64:279–283.

Lobo A, Chamorro L, Luque A, Dal-Ré R, Badia X, Baró E; Grupo 
de Validación en Español de Escalas Psicométricas (GVEEP) 
(2002) Validation of the Spanish versions of the Montgomery-
Asberg depression and Hamilton anxiety rating scales. Med 
Clin 118:493–499.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/25/6/468/6530347 by U

niversite de Bordeaux user on 20 February 2023



Copyedited by:  

S100B Levels Predict Antidepressant Response in Patients With Major Depression  | 477

Lotrich FE (2015) Inflammatory cytokine-associated depression. 
Brain Res 1617:113–125.

Maier H, Helm S, Toto S, Moschny N, Sperling W, Hillemacher T, 
Kahl  KG, Jakubovski  E, Bleich  S, Frieling  H, Neyazi  A 
(2018) S100B, homocysteine, vitamin B12, folic acid, and 
procalcitonin serum levels in remitters to electroconvulsive 
therapy: a pilot study. Dis Markers 10:2358451.

Mauch DH, Nagler K, Schumacher S, Goritz C, Muller EC, Otto A, 
Pfrieger  FW (2001) CNS synaptogenesis promoted by glia-
derived cholesterol. Science 294:1354–1357.

Melin  EO, Thulesius  HO, Hillman  M, Svensson  R, Landin-
Olsson  M, Thunander  M (2019) Lower HDL-cholesterol, a 
known marker of cardiovascular risk, was associated with 
depression in type 1 diabetes: a cross sectional study. Lipids 
Health Dis 18:65.

Michetti  F, Corvino  V, Geloso  MC, Lattanzi  W, Bernardini  C, 
Serpero L, Gazzolo D (2012) The S100B protein in biological 
fluids: more than a lifelong biomarker of brain distress. J 
Neurochem 20:644–659.

Michetti F, D’Ambrosi N, Toesca A, Puglisi MA, Serrano A, Mar-
chese E, Corvino V, Geloso MC (2019) The S100B story: from 
biomarker to active factor in neural injury J Neurochem 
148:168–187.

Miller AH, Trivedi MH, Jha MK (2017) Is C-reactive protein ready 
for prime time in the selection of antidepressant medica-
tions? Psychoneuroendocrinology 84:206.

Montgomery SA, Asberg M (1979) A new depression scale de-
signed to be sensitive to change. Br J Psychiatry 134:382–
389.

Najjar  S, Pearlman  DM, Devinsky  O, Najjar  A, Zagzag  D (2013) 
Neurovascular unit dysfunction with blood-brain barrier 
hyperpermeability contributes to major depressive dis-
order: a review of clinical and experimental evidence. J 
Neuroinflammation 10:142.

Oriolo G, Huet L, Dexpert S, Beau C, Forestier D, Ledaguenel P, 
Magne E, Martin-Santos R, Capuron L (2019) History of major 
depression is associated with neuropsychiatric symptoms 
but not systemic inflammation in a cross-sectional study in 
obese patients. Brain Behav Immun 76:215–222.

Osimo  EF, Baxter  LJ, Lewis  G, Jones  PB, Khandaker  GM (2019) 
Prevalence of low-grade inflammation in depression: a sys-
tematic review and meta-analysis of CRP levels. Psychol Med 
49:1958–1970.

Penninx BW, Milaneschi Y, Lamers F, Vogelzangs N (2013) Under-
standing the somatic consequences of depression: biological 
mechanisms and the role of depression symptom profile. 
BMC Med 11:129.

Ponath  G, Schettler  C, Kaestner  F, Voigt  B, Wentker  D, Arolt  V, 
Rothermundt M (2007) Autocrine S100B effects on astrocytes 
are mediated via RAGE. J Neuroimmunol 184:214–222.

Poole L, Steptoe A (2020) The combined association of depressive 
symptoms and C-reactive protein for incident disease risk 
up to 12 years later. Findings from the English Longitudinal 
Study of Ageing (ELSA). Brain Behav Immun 88:908–912. Doi: 
10.1016/j.bbi.2020.01.010

Radler  BT, Rigotti  A, Ryff  CD (2018) Persistently high psycho-
logical well-being predicts better HDL cholesterol and trigly-
ceride levels: findings from the midlife in the U.S. (MIDUS) 
longitudinal study. Lipids Health Dis 17:1.

Rajkowska G, Stockmeier CA (2013) Astrocyte pathology in major 
depressive disorder: insights from human postmortem brain 
tissue. Curr Drug Targets 14:1225–1236.

Reiber H (2001) Dynamics of brain-derived proteins in cerebro-
spinal fluid. Clin Chim Acta 310:173–186.

Rothermundt M, Arolt V, Wiesmann M, Missler U, Peters M, Ru-
dolf S, Kirchner H (2001) S-100B is increased in melancholic 
but not in non-melancholic major depression. J Affect Disord 
66:89–93.

Sanacora  G, Banasr  M (2013) From pathophysiology to novel 
antidepressant drugs: glial contributions to the pathology 
and treatment of mood disorders. Biol Psychiatry 73:1172–
1179.

Schmidt FM, Mergl R, Stach B, Jahn I, Schönknecht P (2015) Ele-
vated levels of cerebrospinal fluid neuron-specific enolase 
(NSE), but not S100B in major depressive disorder. World J Biol 
Psychiatry 16:106–113.

Schroeter  ML, Abdul-Khaliq  H, Frühauf  S, Höhne  R, Schick  G, 
Diefenbacher A, Blasig IE (2002) S100B is increased in mood 
disorders and may be reduced by antidepressive treatment. 
Neuroreport 13:1675–1678.

Schroeter ML, Abdul-Khaliq H, Krebs M, Diefenbacher A, Blasig IE 
(2008) Serum markers support disease-specific glial path-
ology in major depression. J Affect Disord 111:271–280.

Sheehan  DV, Lecrubier  Y, Sheehan  KH, Amorim  P, Janavs  J, 
Weiller E, Hergueta T, Baker R, Dunbar GC (1998) The Mini-
International Neuropsychiatric Interview (M.I.N.I.): the devel-
opment and validation of a structured diagnostic psychiatric 
interview for DSM-IV and ICD-10. J Clin Psychiatry 59:22–33; 
quiz 34–57.

Shi  Y, Luan  D, Song  R, Zhang  Z (2020) Value of peripheral 
neurotrophin levels for the diagnosis of depression and re-
sponse to treatment: a systematic review and meta-analysis. 
Eur Neuropsychopharmacol 41:40–51.

Steiner J, Marquardt N, Pauls I, Schiltz K, Rahmoune H, Bahn S, 
Bogerts B, Schmidt RE, Jacobs R (2011) Human CD8(+) T cells 
and NK cells express and secrete S100B upon stimulation. 
Brain Behav Immun 25:1233–1241.

Steiner  J, Bogerts  B, Sarnyai  Z, Walter  M, Gos  T, Bernstein  HG, 
Myint  A (2012) Bridging the gap between the immune and 
glutamate hypotheses of schizophrenia and major depres-
sion: potential role of glial NMDA receptor modulators and 
impaired blood–brain barrier integrity. World J Biol Psychiatry 
13:482–492.

Stenovec  M, Li  B, Verkhratsky  A, Zorec  R (2020) Astrocytes in 
rapid ketamine antidepressant action. Neuropharmacology 
173:108158.

Thelin EP, Johannesson L, Nelson D, Bellander BM (2013) S100B 
is an important outcome predictor in traumatic brain injury. 
J Neurotrauma 30:519–528.

Tsai MC, Huang TL (2016) Increased activities of both superoxide 
dismutase and catalase were indicators of acute depressive 
episodes in patients with major depressive disorder. Psych-
iatry Res 235:38–42.

Uher  T, Bob  P (2012) Cerebrospinal fluid S100B levels reflect 
symptoms of depression in patients with non-inflammatory 
neurological disorders. Neurosci Lett 529:139–143.

Virtanen M, Ferrie JE, Akbaraly T, Tabak A, Jokela M, Ebmeier KP, 
Singh-Manoux  A, Kivimäki  M (2017) Metabolic syndrome 
and symptom resolution in depression: a 5-year follow-up of 
older adults. J Clin Psychiatry 78:e1–e7.

Vogelzangs  N, Beekman  AT, van  Reedt  Dortland  AK, 
Schoevers  RA, Giltay  EJ, de  Jonge  P, Penninx  BW (2014) In-
flammatory and metabolic dysregulation and the 2-year 
course of depressive disorders in antidepressant users. 
Neuropsychopharmacology 39:1624–1634.

Wu S, Yin Y, Du L (2021) Blood-brain barrier dysfunction in the 
pathogenesis of major depressive disorder. Cell Mol Neurobiol 
Oct 12. Doi: 10.1007/s15071-021-01153-9. Online ahead of print.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/25/6/468/6530347 by U

niversite de Bordeaux user on 20 February 2023

https://doi.org/10.1016/j.bbi.2020.01.010
https://doi.org/10.1007/s15071-021-01153-9. Online ahead of print


478 | International Journal of Neuropsychopharmacology, 2022

Zhang  J, McKeown  RE, Hussey  JR, Thompson  SJ, Woods  JR, 
Ainsworth BE (2005) Low HDL cholesterol is associated with 
suicide attempt among young healthy women: the Third 
National Health and Nutrition Examination Survey. J Affect 
Disord 89:25–33.

Zhang  Y, Rothermundt  M, Peters  M, Wiesmann  M, Hoy  L, 
Arolt  V, Emrich  HM, Dietrich  DE (2009) S100B serum levels 
and word memory processing in remitted major depres-
sion as reflected by brain potentials. Neuropsychobiology 59: 
172–177.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/25/6/468/6530347 by U

niversite de Bordeaux user on 20 February 2023


