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Abstract

Objective: The s100b inflammatory protein is involved in schizophrenia pathophysiology. We
aim at studying the evolution of the s100b serum levels in acutely relapsed paranoid schizophre-
nia patients at three different time points (admission, discharge and 3 months after hospital
discharge 3MAHD). Methods: Twenty-three paranoid schizophrenia inpatients meeting
DSM-IV criteria participated in the research. Twenty-three healthy subjects matched by age,
gender and season acted as the control group. Psychopathology was measured with the
Positive and Negative Syndrome Scale (PANSS). Serum s100b levels were determined at
12:00 and 24:00 h with an enzyme-linked immunoassay kit. Results: Patients had significant
higher serum s100b levels at admission and discharge (12:00 h) than the group of healthy sub-
jects. At admission and discharge, s100b serum levels at 24 h had decreased compared to the
24:00 h s100b levels of the healthy subjects. At 3MAHD patients and healthy subjects had sim-
ilar levels of serum s100b protein. Positive and negative PANSS scores decreased significantly
between admission and discharge. Positive and negative PANSS scores decreased between dis-
charge and 3MAHD, but these changes had no statistical significance. Conclusions: Our study
confirms that the acute inflammatory response produced in acutely relapsed patients is reversed
after 3 month of hospital discharge. The variations of serum s100b concentrations when the
patients suffer from an acute relapse may be a useful predictor of disease evolution.

Significant outcomes

• At admission schizophrenic patients had higher serum s100b protein concentrations
than those of healthy subjects.

• Schizophrenics’ s100b protein levels decreased between admission and discharge, but
they still were higher than the s100b healthy subjects’ levels.

• After 3 months of hospital discharge, the serum s100b protein levels normalised, reach-
ing similar s100b serum level than those of the healthy subjects.

Limitations

• The small number of patients precludes the generalisation of the results.
• The s100b protein was measured in serum not in the cerebrospinal fluid.
• The normalisation of s100b protein could have occurred before the 3 months after
hospital discharge.

Introduction

Schizophrenia is a chronic psychiatric condition characterised by positive, negative and disor-
ganisation symptoms as well as impaired cognition. Schizophrenia diagnosis relies on clinical
interviews and is amulti-factorial disorder in its aetiopathogenesis and evolution. Several patho-
genic mechanisms have been proposed (Marder and Cannon, 2019). Among them, neuroin-
flammation has been suggested as an important contributor in the schizophrenia
pathogenesis (Buckley, 2019).
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There is no single biological marker that helps clinicians with
the diagnosis of schizophrenia, so, the search for peripheral mark-
ers that could help to reach a clinical diagnosis and management is
welcomed.

Several molecules have been involved as biological markers in
the clinical diagnosis of schizophrenia. The glial fibrillary acidic
protein, the myelin basic protein, the neurone-specific enolase
(Steiner et al., 2006), the total antioxidant capacity (Morera-
Fumero et al., 2017a), the complement (Ji et al., 2021), the
brain-derived neurotrophic factor (Xiu et al., 2020) and the acute
phase proteins (Morera et al., 2007) are mentioned just to name
some of them.

In the last 20 years, the s100b protein has received attention as a
peripheral biomarker of schizophrenia (Yelmo-Cruz et al., 2013).
The s100b is a dimeric protein with a molecular weight of 21 KDa
that has autocrine and paracrine actions on neurons and glia
(Donato, 2001). Lower concentrations of extracellular s100b act
on glial and neuronal cells as a growth differentiating factor, while
higher concentrations induce apoptosis (Fanò et al., 1995). The
s100b protein may cross the blood-brain barrier (BBB) and its con-
centration in blood and CSF is considered a marker of brain injury
(Gonçalves et al., 2008). It has been considered as the C-reactive
protein of the brain (Sen and Belli, 2007) and has been proposed
as a biomarker directly related to the disease progression (Michetti
et al., 2019)

In 1997, Green et al. measured the s100b concentration in the
CSF of 154 neurology patients and 19 patients with no evidence of
organic brain disease acted as control group. Among the neurology
patients, a subgroup of 12 patients received the label of ‘patients
with other neurology diseases’. In that group, there was one patient
with schizophrenia that had higher values of s100b than the mean
level of the control group (Green et al., 1997). Two years later, the
first specific s100b research on schizophrenic patients was pub-
lished (Wiesmann et al., 1999). It reported that patients had signifi-
cantly higher plasma s100b concentrations than healthy blood
donors. Since then several papers have been published on this topic
(Chen et al., 2017; Deng et al., 2018a; Milleit et al., 2016).

Increased s100b concentrations have been reported in schizo-
phrenic patients compared to controls (Hong et al., 2016;
Schmitt et al., 2005; Steiner et al., 2006; Wiesmann et al., 1999),
but decreased (Gattaz et al., 2000) and unchanged levels have also
been reported (Hendouei et al., 2016; Van Der Leeuw et al., 2013;
Uzbay et al., 2013). To add further confusion to these research area,
several methodological approaches have been carried out.
Transversal or cross-sectional designs, this is one point-time stud-
ies, the subjects are just studied once, these are the most common
published ones(Kozłowska et al., 2021; Milleit et al., 2016; Qi et al.,
2009; Schmitt et al., 2005; Schroeter et al., 2003). Longitudinal
designs are more demanding and time consuming; therefore, there
are fewer of these kind of studies. Among the longitudinal designs,
the most frequently published articles are those that study patients
at two point-times, this is one basal measure and then one follow-
up measure. The range between the basal measure and the follow-
up measure varies between 6 weeks (Gerasimou et al., 2018;
Morera-Fumero et al., 2017b; Rothermundt et al., 2001;
Sarandol et al., 2007; Steiner et al., 2009) and 12 weeks (Ling
et al., 2007). More than two point-time designs even fewer papers
are available (Rothermundt et al., 2004).

Apart from the time design of the studies (transversal vs longi-
tudinal), it has been reported in healthy subjects that the serum
concentration of s100b is significantly higher in summer than in
winter with no differences in s100b concentrations between day

and night in both seasons (Morera-Fumero et al., 2013). A day/
night change in serum s100b concentrations of acutely relapsed
paranoid inpatients has been reported when admitted to hospital.
This day/night change was not present at discharge in spite that the
serum s100b levels were still higher than the serum s100b level of
the control group (Morera-Fumero et al., 2017b).

The objective of the present research is to study the evolution
of serum s100b levels in the same sample of schizophrenic patients
at three different times, at hospital admission, discharge and
3 months after hospital discharge (3MAHD) both at midday
(12:00) and midnight (24:00).

Methods

Subjects

Twenty-three paranoid schizophrenic inpatients meeting DSM-IV
criteria participated in the study. Patients were recruited from the
psychiatric ward of the Canary Islands University Hospital. They
were hospitalised because of an acute psychotic relapse. Patients
were diagnosed by two experienced clinical psychiatrists based
on the Structured Clinical Interview for the DSM-IV.

A sample of 23 healthy controls, matched by age, gender and
season of admission, without personal and family psychiatric his-
tory was recruited between the researchers’ acquaintances.
Physical healthiness of the control group was evaluated by a short
medical history and a general laboratory test. Mental healthiness
was assessed informally by asking the subjects if they had received
psychiatric treatment in the past or were receiving treatment at
present or if any first-degree relative was in the past or at present
receiving psychiatric treatment. Psychological treatment was con-
sidered as well as receiving psychiatric treatment.

Any subject with alcohol abuse, substance abuse, physical ill-
ness, pregnancy, severe trauma, head trauma, intake of anti-
inflammatories or immunosuppressants, mental retardation and
physical agitation was excluded in this study.

Psychopathological assessment

At admission, discharge and 3MAHD, psychopathology was mea-
sured with the Positive and Negative Syndrome Scale (PANSS)
(Kay et al., 1987). Two clinical psychiatrists evaluated independ-
ently the psychopathology. They had attended to a training session
in the use of the PANSS. After PANSS training, repeated assess-
ments for the PANSS scores maintained an inter-rater correlation
coefficient >0.8.

Study protocol

Blood was collected the day after admission, the day before dis-
charge and in a 3MAHD appointment in the group of patients.
The blood of the healthy controls was collected once in any day
between the period of admission and discharge of the patients
in order to match the patients for the s100b seasonal change
(Morera-Fumero et al., 2013, 2021). Samples were collected at
12:00 and 24:00 h to minimise the interference with the hospital-
isation routines and because midday and midnight represent two
opposite times along the day. In order to reduce the physical and
psychological stress induced by the blood extraction, subjects were
relaxed in bed 1 h before the extraction (Gazzolo et al., 2010). All
subjects were Caucasian, so the racial bias was not present in our
sample (Gannon et al., 2020). After extraction, samples were
placed in vacutainer tubes without anticoagulant and allowed to
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clot, then they were centrifuged at 3000 r.p.m. during 5 min. After
that, serumwas separated, aliquoted in Eppendorf tubes and stored
frozen at −70° C until analysis.

In order to make all antipsychotic treatments comparable, each
patient antipsychotic treatment was converted into chlorproma-
zine equivalent doses (CED) (Atkins et al., 1997; Woods, 2003).

The study protocol was carried out following the Helsinki
Declaration, and all subjects gave written informed consent before
inclusion. The protocol was approved by the Ethics and
Investigation Committee of the Canary Islands University
Hospital.

Serum s100b measurements

Serum s100b levels were determined with an enzyme-linked
immunoassay (ELISA) kit according to the manufacturer instruc-
tions (Bio Vendor, Candler, USA). The Bio Vendor Human s100b
ELISA uses a polyclonal anti-cow s100b coated in microtitration
wells. The absorbance of the resulting yellow colour product was
measured spectrophotometrically at 450 nm in a microplate
spectrophotometer reader (Benchmark Plus, Bio-Rad, Hercules,
CA, USA). In this ELISA, the lowest detection limit was 10.8 pg/
ml. Coefficients of variation was 3.92% and 5.03% for intra- and
inter-assay variabilities, respectively. To minimise the assay vari-
ance, all serum samples were analysed the same day with the same
laboratory batch and by the same analyst. The analyst was always
blind with respect to the samples pertaining to day/night, admis-
sion/discharge/3MAHD and to patient/control groups.

Statistical analysis

Data were analysed using the 21st version of the Statistical Package
for the Social Sciences (SPSS, Chicago, Illinois, USA). Patients and
healthy subjects serum s100b differences were compared by means
of a t-test for independent samples using the Bonferroni correction
for multiple comparisons. Patients’ serum s100b differences and
PANSS scores at admission, discharge and 3MAHD were analysed
by an ANOVA for repeated measures. Bonferroni’s post hoc
comparisons were carried out if the ANOVA results were sta-
tistically significant. The statistic chi-square was applied to study
the association between qualitative variables. Because of the small
sample size, the relationships between quantitative variables were
analysed by means of the Spearman correlation coefficient. All

statistical tests were two-tailed. Statistical significance level was
set at 0.05. Quantitative data are presented as mean ± standard
deviation (SD).

Results

Description of the samples’ characteristics

According to Table 1, patients and healthy controls were compa-
rable according to age, body mass index and gender distribution.

Comparison of s100b levels between patients and healthy
controls

In order to control the effect of multiple comparisons between
patients and healthy controls, the Bonferroni correction was used
to correct the alpha error (Table 2). At admission and discharge
patients presented significantly higher levels of serum s100b than
healthy subjects at 12:00 h but not at 24:00 h (Table 2). At 3MAHD,
the patients presented similar levels of serum s100b than the
healthy subjects, both at 12:00 h and 24:00 h (Table 2), with no stat-
istical difference between both groups.

Comparison of serum s100b concentrations at admission,
discharge and 3MAHD by time of the day

The comparison of serum s100b levels in patients at admission,
discharge and 3MAHD (factor 1) by time of the day, 12:00 h
and 24:00 h (factor 2) was carried out through an ANOVA for
repeated measures in order to ascertain the effect of the main fac-
tors as well as their interaction.

Factor 1 (s100b at admission, discharge and 3MAHD) elicited a
significant result (Table 3). The post hoc Bonferroni’s comparisons
are presented in Graph 1. Serum s100b levels at 12:00 and 24:00 h
decreased significantly between admission and discharge as well as
between discharge and 3MAHD.

Factor 2 (s100b at 12 h and 24:00 h) did not elicit a significant
result (Table 3), and the interaction between factor 1 and 2 did not
produce a significant result (Table 3).

Table 3 presents the results of the ANOVA for the s100b
repeated measures in the patient group.

Table 1. Samples’ characteristics. Results are presented as mean ± standard deviation and 95% confidence intervals

Variables Patients Controls t or chi p

Age* 36.8 ± 9.2, 32.8–40.8 39.0 ± 9.5, 38.4–43.2 −0.80 0.43

BMI* 28.9 ± 6.6, 25.1–32.7 26.4 ± 4.4, 24.5–28.3 1.37 0.19

Genderþ, male/female 16/7 18/5 0.45 0.74

AIO 21.2 ± 3.4, 19.5–22.0 NA NA

ID 12.2 ± 10.3, 7.8–16.7 NA NA

NPH 4.1 ± 3.6, 2.5–5.7 NA NA

CED 811.6 ± 406.7, 635.7–987.4 NA NA

LH 22.8 ± 10.2, 18.4–27.2 NA NA

BMI: Body Mass Index; AIO: Age of Illness Onset in years; ID: Illness Duration in years; NPH: Number of Previous Hospitalisations; CED: Chlorpromazine Equivalent Dose in mg; LH: Length of
Hospitalization in days; NA: Not Applicable.
*t-test for independent samples.
þChi-squared test.
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Comparison of serum s100b concentrations at 12:00 and
24:00 h in the control group

There were no differences between the serum s100b concentrations
at 12:00 and 24:00 h in the control group (s100b 12:00: 42.3 ± 25.3,
s100b 24:00: 45.4 ± 24.0, t: −1.423, p= 0.169).

Comparison of the PANSS scores at admission, discharge and
3MAHD

The comparison of the positive, negative, general and total scores
at admission, discharge and 3MAHD through an ANOVA for
repeated measures elicited significant results in the four scores
(Table 4).

The post hoc Bonferroni’s comparisons elicited significant
results in all measures (positive, negative, general and total scores).

Patients had significantly higher scores at admission than at dis-
charge and 3MAHD in all measures (Table 4). There were no sig-
nificant differences between the scores at discharge and 3MAHD
(Table 4).

Correlations between s100b concentrations and
psychopathology

The correlations between serum s100b and PANSS are presented
in Table 5. The 12:00 h serum s100b at admission correlated neg-
atively with the total PANSS score at discharge and the negative
and total PANSS scores at 3MAHD. Because the negative
PANSS score contributes to the total PANSS score, we carried
out a partial correlation between the s100b at 12:00 h and the total
PANSS score at discharge and 3MAHDbut controlling the effect of
the negative score. The result shows that these correlations became
not significant. The negative correlation between 12:00 h s100b
levels at admission and the negative PANSS score at 3MAHD
means that the higher the s100b concentration at admission the
lower the negative PANSS score at 3MAHD was stated. The
24:00 h serum s100b at admission correlated negatively with the
negative PANSS scores at admission and 3MAHD, in both cases,
the higher the negative PANSS scores the lower the 24 h s100 levels
at admission.

The 12:00 h serum s100b at discharge correlated negatively with
the negative PANSS scores at admission and 3MAHD as well as
with the total PANSS score at discharge and 3MAHD. The partial
correlation between the s100b at 12:00 h and total PANSS score at
discharge and 3MAHD controlling the effect of the negative score
elicited that both correlations became not significant (Table 5).
Again, the higher the negative PANSS scores, the lower the
s100b level at 12.00 h. The 24:00 h serum s100b at discharge corre-
lated positively with the positive and general PANSS scores at

Table 2. Comparison of serum s100b concentrations by time in patients and controls. Results are presented as mean ± standard deviation, 95% confidence of interval

s100b Patients Controls T p PVABCMC

12:00 admission 90.8 ± 72.3, 59.5–122.1 42.3 ± 25.3, 31.4–53.3 3.1 0.005 0.015

24:00 admission 86.6 ± 83.5, 50.5–122.7 45.4 ± 24.0, 35.1–55.1 2.3 0.032 0.096

12:00 discharge 69.4 ± 46.9, 49.2–89.7 42.3 ± 25.3, 31.4–53.3 2.5 0.015 0.045

24:00 discharge 56.5 ± 36.6, 40.7–72.3 45.4 ± 24.0, 35.1–55.1 1.1 0.28 0.28

12:00 3MAHD 42.5 ± 17.8, 34.8–50.3 42.3 ± 25.3, 31.4–53.3 0.32 0.97 0.97

24:00 3MAHD 42.7 ± 23.9, 32.4–53.1 45.4 ± 24.0, 35.1–55.1 −0.38 0.71 0.71

3MAHD: Three Months After Hospital Discharge; PVABCMC: P-Value After Bonferroni’s Correction for Multiple Comparisons.
t-test for independent samples using the Bonferroni correction for multiple comparisons.

Graph 1. Post-hoc Bonferroni’s comparisons of 12:00 h and 24:00 h serum s100b lev-
els in patients at admission, discharge and 3months after hospital discharge (3MAHD).

Table 3. ANOVA for s100b repeated measures by time of the day (factor 2) at
admission, discharge and 3MAHD (factor 1). Results are presented as mean ±
standard deviation

Factor 2, F= 0.3, p= 0.58

Interaction, F= 0.3, p= 0.56s100b 12:00 24:00

Admission 90.8 ± 72.3 86.6 ± 83.5 Factor 1, F= 8.0, p< 0.007

Discharge 69.4 ± 46.9 56.5 ± 36.6

3MAHD 42.5 ± 17.8 42.7 ± 23.9

3MAHD: Three Months After Hospital Discharge.

Table 4. Comparison of positive, negative, general and total PANSS scores at
admission, discharge and 3 months after discharge (3MAHD)

PANSS Admission Discharge 3MAHD F p

Positive 19.5 ± 4,8* 11.0 ± 3.8þ 10.9 ± 3.3þ 56.4 0.001

Negative 13.7 ± 5.8* 11.1 ± 3.7þ 10.7 ± 3.4þ 8.58 0.008

General 24.9 ± 4.0* 20.4 ± 3.1þ 18.7 ± 2.7þ 29.8 0.001

Total 60.2 ± 7.4* 42.3 ± 7.3þ 39.9 ± 5.9þ 151.7 0.001

ANOVA for repeated measures.
*Post hoc admission scores were significantly higher (p< 0.05) than scores at discharge and
3MAHD.
þPost hoc scores at discharge and 3MAHD were not significantly different.
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admission. Patients with higher positive and general PANSS scores
tended to have higher serum s100b levels at 24:00 h. There was a
negative correlation between the 24:00 h serum s100b at discharge
and the negative PANSS scores at admission.

There were no correlations between the 12:00 and 24:00 h
serum s100b levels and any PANSS scores.

Correlations between s100b levels and clinical variables

The correlations between serum s100b levels and the clinical var-
iables are presented in Table 6. Only one correlation was sta-
tistically significant. There was a negative correlation between
the 24:00 h s100b concentration at discharge and the CED, that
is, patients treated with higher CED tended to present lower
24:00 h serum s100b levels at discharge.

Discussion

Three time points s100b measurements

To our knowledge, this is the first time that it is reported that serum
s100b levels at 12:00 and 24:00 h in acutely relapsed paranoid
schizophrenia patients show a normalisation of s100b levels after

3 months of hospital discharge (3MAHD). Regarding the s100b
serum concentrations, at admission, s100b levels were significantly
higher at 12:00 h in patients than those observed in healthy con-
trols. At discharge, 12:00 h s100b levels in patients had decreased
with respect to admission levels, but they were still higher at
12:00 h than the s100b levels of the healthy subjects. Serum
s100b levels at admission and discharge were higher at 24:00 h
in patients than the 24:00 h serum s100b levels of the healthy
group, but the difference did not show a statistical significance.
Serum s100b levels at 24:00 h also decreased between admission
and discharge. Three months after hospital discharge, s100b levels
in patients had decreased with respect to the discharge time point,
but the patients’ 3MAHD s100b levels were similar to the s100b
levels of the healthy subjects at 12:00 and 24:00 h.

As far as we know, there is only one paper with a similar design
to our research that studied patients at three time points
(Rothermundt et al., 2004). Patients were studied at intake (T0),
12 (T12) and 24 (T24) weeks after intake. The authors reported
higher levels of serum s100b in patients than in healthy controls
at T0, T12 and T24, but there were no differences in s100b levels
in patients at T0, T12 and T24. Methodological differences could
explain the opposite results.

Table 5. Correlations between PANSS scores and serum s100b levels

PANSS
S100B12
admission

S100B24
admission

S100B12
discharge

S100B24
discharge S100B12 3MAHD S100B24 3MAHD

Positive admission Spearman 0.116 0.231 0.175 0.468 0.381 0.150

p-value 0.599 0.289 0.425 0.024 0.073 0.496

Negative admission Spearman −0.382 −0.509 −0.513 −0.432 0.215 0.234

p-value 0.072 0.013 0.012 0.040 0.325 0.282

General admission Spearman 0.104 0.030 −0.032 0.480 0.188 −0.134

p-value 0.683 0.906 0.899 0.044 0.456 0.595

Total admission Spearman 0.005 0.031 −0.193 0.288 0.456 0.070

p-value 0.984 0.903 0.444 0.246 0.057 0.783

Positive discharge Spearman −0.156 −0.017 −0.204 0.188 0.117 −0.201

p-value 0.476 0.940 0.351 0.391 0.596 0.357

Negative discharge Spearman −0.310 −0.259 −0.390 −0.392 −0.152 −0.087

p-value 0.150 0.233 0.066 0.065 0.490 0.692

General discharge Spearman −0.287 −0.327 −0.402 0.097 0.052 0.198

p-value 0.185 0.128 0.057 0.659 0.814 0.366

Total discharge Spearman/PC −0.439/−0.316 −0.329 −0.578/0.403 −0.083 0.029 −0.066

p-value/APC 0.036/0.151 0.125 0.004/0.063 0.705 0.895 0.764

Positive 3MAHD Spearman −0.109 0.048 −0.382 −0.054 0.061 −0.232

p-value 0.622 0.830 0.072 0.807 0.784 0.288

Negative 3MAHD Spearman −0.535 −0.455 −0.449 −0.367 0.012 0.047

p-value 0.009 0.029 0.032 0.085 0.956 0.832

General 3MAHD Spearman −0.384 −0.307 −0.350 −0.321 0.235 0.286

p-value 0.070 0.154 0.102 0.135 0.280 0.186

Total 3MAHD Spearman/PC −0.499/0.134 −0.360 −0.607/0.331 −0.379 0.055 −0.025

p-value/APC 0.015/0.552 0.092 0.002/0.133 0.075 0.805 0.909

PC: Partial Correlation; APC: After Partial Correlation.

Acta Neuropsychiatrica 5

https://doi.org/10.1017/neu.2022.37 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2022.37


First, the paper of Rothermundt et al. (2004) was a ‘multicentre
study’ (31 psychiatric centres throughout Germany and Austria),
while our study is a monocentre study. Second, our sample was
comprised at T0 (admission) and T1 (discharge) by inpatients with
an acute clinical relapse, while at T3 (3MAHD), the same patients
were living in the community as outpatients. In the study of
Rothermundt et al. (2004), the whole sample was comprised by
outpatients, so patients could have milder psychopathology.
Third, the patients’ sample of Rothermundt et al. research
(2004) comprises of paranoid, undifferentiated, residual and
unspecified schizophrenia patients, while our patients’ sample
was only composed of paranoid schizophrenia patients. Fourth,
in our study, the antipsychotic treatment was transformed into
CED since the beginning of the research, while in the study of
Rothermundt et al. (2004), former medication was discontinued
1 week prior to the initial investigation time point (T0) and then
patients were assigned to treatment with risperidone or flupen-
thixol. And fifth, in the research of Rothermundt et al. (2004),
patients were assigned to 2 to 6 mg of risperidone or to 4 to
12 mg of flupentixol. Considering that all patients were assigned
to the maximum dose of risperidone (6 mg) or flupenthixol
(12 mg), the CED would be 300 mg of chlorpromazine for the ris-
peridone group and 600 mg of chlorpromazine for the flupenthixol
group. In our research, the mean CED was 811.6 mg, so a higher
dose of antipsychotics was administered.

Two time points s100b measurements

Eight papers were carried out with a design that included two time
point measurements and a control group (Gerasimou et al., 2018;
Hendouei et al., 2016; Ling et al., 2007; Morera-Fumero et al.,
2017b; Rothermundt et al., 2001; Sarandol et al., 2007; Schroeter
et al., 2009; Steiner et al., 2009) almost all studies lasting 6 weeks
except one study that lasted 12 weeks (Ling et al., 2007). The results
are controversial with five possible evolutions.

First, a decrease of s100b concentrations was observed between
T0 and T1 was observed, although at T1 s100b concentrations
remained higher than the s100b concentrations in the control

group (Gerasimou et al., 2018; Ling et al., 2007; Morera-Fumero
et al., 2017b; Sarandol et al., 2007).

Second, no change was observed between T0 and T1 with both
measures, but they were higher than those detected in the control
group (Ling et al., 2007).

Third, no change was found between T0 and T1, both measures
were similar to those of the control group (Ling et al., 2007;
Sarandol et al., 2007; Hendouei et al., 2016).

Fourth, an increase of s100b between T0 and T1 was observed
with both measures, showing higher values than those of the con-
trol group (Schroeter et al., 2009).

Fifth, a decrease of s100b between T0 and T1 was recorded but
at T1 patients s100b concentrations were similar to the s100b con-
centrations of the control group (Rothermundt et al., 2001; Steiner
et al., 2009).

In our opinion, the differences in the results may be explained
by several factors.

First, some patients did a treatment washout before entering the
study (Ling et al., 2007; Sarandol et al., 2007), while in other studies
patients were drug-naïve (Gerasimou et al., 2018; Sarandol et al.,
2007) or acutely relapsed inpatients (Schroeter et al., 2009;
Hendouei et al., 2016; Morera-Fumero et al., 2017a).

Second, the clinical diagnosis sometimes included different
types of schizophrenia or no clinical type was mentioned. A com-
bination of undifferentiated, paranoid and residual schizophrenia
(Hendouei et al., 2016), first-episode psychosis (Gerasimou et al.,
2018), paranoid, hebephrenic, catatonic and undifferentiated
schizophrenia (Schroeter et al., 2009), schizophrenics (Ling
et al., 2007; Sarandol et al., 2007) or paranoid schizophrenia
(Rothermundt et al., 2001; Steiner et al., 2009; Morera-Fumero
et al., 2017b).

Third, in the clinical type of the sample, most studies were car-
ried out with acutely admitted inpatients (Gerasimou et al., 2018;
Hendouei et al., 2016; Morera-Fumero et al., 2017b; Rothermundt
et al., 2001; Schroeter et al., 2009), but one study (Ling et al., 2007)
was accomplished with chronic inpatients, while in another study
(Sarandol et al., 2007) the sample comprises of a combination of
outpatients and inpatients.

Table 6. Correlations between serum S100B levels and clinical variables

S100B AIO ID NPH CED LH

12:00 admission Spearman −0.322 −0.360 −0.118 −0.128 −0.293

p-value 0.135 0.092 0.591 0.562 0.175

24:00 admission Spearman −0.172 −0.280 −0.188 0.055 −0.053

p-value 0.432 0.196 0.391 0.802 0.810

12:00 discharge Spearman −0.203 −0.214 −0.045 −0.254 0.020

p-value 0.352 0.326 0.840 0.243 0.928

24:00 discharge Spearman −0.090 −0.182 −0.193 −0.450 −0.032

p-value 0.684 0.405 0.377 0.031 0.884

12:00 3MAHD Spearman 0.057 −0.003 0.006 0.084 0.326

p-value 0.795 0.987 0.978 0.704 0.129

24:00 3MAHD Spearman −0.081 −0.160 −0.133 −0.071 0.284

p-value 0.714 0.467 0.545 0.749 0.189

AIO: Age of Illness Onset in years; ID: Illness Duration in years; NPH: Number of Previous Hospitalisations; CED: Chlorpromazine Equivalent Dose in mg; LH: Length of Hospitalisation in days;
3MAHD: 3 Months After Discharge.
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We do not exclude other sources that may explain the variety of
the results, such as treatment duration, type and dose of antipsy-
chotics or seasonality of serum s100b concentrations.

PANNS scores and s100b concentrations

In general, in our study, the significant correlations occurred
between the negative psychopathology and the s100b concentra-
tions, with a negative sign. The only positive correlations were
observed between the 24:00 h level of s100b at discharge and the
positive and general PANSS scores. By using the PANSS, some
studies reported an absence of any correlation between s100b
and total, general, positive and negative scores (Deng et al.,
2018; Hendouei et al., 2016; Kozłowska et al., 2021; Qi et al.,
2009; Steiner et al., 2009), while an absence of correlation between
the PANSS total, positive and negative scores and s100b levels has
been reported without mentioning the general subscale score (Lara
et al., 2001).

The measurement of clinical symptoms with different clinical
scales has also produced confusing results. By using the BPRS,
an absence of correlation between the sum and the five BPRS sub-
scores and s100b levels was reported (Schroeter et al., 2009), and a
positive correlation between the total BPRS and the third BPRS
item score (though disturbance) and serum concentrations of
s100b (Schroeter et al., 2003) has been reported as well. A negative
correlation between serum s100b and the scale for assessment of
negative symptoms (SANS) has been reported too (Lara et al.,
2001; Schmitt et al., 2005). No correlation between s100b and
the BPRS and the Negative Symptoms Rating Scale (NSRS) has also
been reported (Gattaz et al., 2000).

Clinical variables and s100b concentrations

There were no significant correlations between illness duration
(ID), the number of previous hospitalisations (NPH), the length
of hospitalisation (LH) and the age of illness onset (AIO) and
serum s100b at admission, discharge and 3 months after hospital
discharge (3MAHD) at 12:00 and 24:00 h.

Several studies have reported the absence of relationship
between ID and s100b levels (Rothermundt et al., 2001;
Schroeter et al., 2003, 2009) as we have also found in this study.
However, a recent meta-regression analysis (Schümberg et al.,
2016) has reported a positive correlation between ID and s100b.

Regarding the NPH, the absence of correlation has been
reported (Schroeter et al., 2003, 2009). Several authors have
reported no significant correlation between s100b and AIO
(Rothermundt et al., 2001; Schroeter et al., 2003).

The chlorpromazine equivalent dose (CED) had a negative and
significant correlation with the s100b concentrations at 24:00 h at
discharge. Patients that were treated with higher doses of CED had
lower serum s100b at discharge at 24:00 h. However, some studies
have reported no significant correlations between s100b and the
antipsychotic medication (Rothermundt et al., 2001; Schroeter
et al., 2009) or CED after 6 weeks of treatment (Schroeter et al.,
2009). Another study reported increased serum s100b concentra-
tions in treated schizophrenic patients compared to untreated
patients, and the s100b was similar in the control group and the
unmedicated patients (Schroeter et al., 2003). No correlation
between serum s100b and cumulative drug dosage has also been
reported (Steiner et al., 2009).

Our study has several limitations. The first limitation has to do
with the small number of patients. Second, some intermediate
measures of s100b between discharge and 3MAHDmay shed some
light about the evolution of the s100b levels in this time period.

It is worth mentioning that our study has some strengths. The
fact that the research was carried out in one centre, that the patients
were the same subjects at the three time points and that the bio-
logical samples were analysed at the same time give consistency
to our results. Second, all the s100b analyses were carried out by
the same technician, who was blind with respect to the group sam-
ples (patients vs controls) as well as to the time of the day (12:00
and 24:00 h) and to the time point (intake, discharge and 3MAHD)
of the blood extractions.

In conclusion, considering the limitations of our research, sig-
nificant alterations of the s100b protein serum levels in patients
with paranoid schizophrenia at hospital admission compared to
the s100b serum levels of the healthy control group were found.
When patients were discharged, approximately 3 weeks later,
serum s100b levels had decreased and at 3 months after hospital
discharge, the s100b levels were similar to those of the healthy con-
trol subjects, thus reaching a normalisation of the serum s100b lev-
els. Our results point out to the fact that the acute inflammatory
response produced in patients acutely relapsed is reversed after
3 months of hospital discharge. Therefore, the variations of serum
s100b concentrations when the patients suffer from an acute
relapse episode may be a useful predictor of disease evolution.
However, our study needs to be replicated with bigger samples,
and future studies should consider longer follow-up periods in
order to establish the serum s100b levels as a variable with prog-
nostic value.

Acknowledgements. We would like to thank Dr. Aram Morera-Mesa (free-
lance translator) for his assistance in the translation of this article.

Author contributions. ALMF and LFL designed the study. EDM and MSHB
collected the data. PAG carried out the biochemical analyses. ALMF y LFL
wrote the first draft. All authors have participated in the analysis and interpre-
tation of data and revised the manuscript. All authors have approved the final
version of the manuscript.

Financial support. This work was partly supported by Fundación Canaria de
Investigación y Salud (FUNCIS) of the Government of the Canary Islands under
a Grant (PI: 08/115).

Conflict of interest. The authors report no conflict of interest.

References

Atkins M, Burgess A, Bottomley C and Riccio M (1997) Chlorpromazine
equivalents: a consensus of opinion for both clinical and research applica-
tions. Psychiatric Bulletin 21(4), 224–226.

Buckley PF (2019) Neuroinflammation and schizophrenia. Current Psychiatry
Reports 21, 72.

Chen S, Tian L, ChenN, XiuM,Wang Z, YangG,WangC, Yang F andTan Y
(2017) Cognitive dysfunction correlates with elevated serum S100B concen-
tration in drug-free acutely relapsed patients with schizophrenia. Psychiatry
Research 247, 6–11.

DengH,KahlonRS,Mohite S, Amin PA, Zunta-Soares G, ColpoGD, Stertz L,
Fries GR, Walss-Bass C, Soares JC and Okusaga OO (2018a) Elevated
plasma S100B, psychotic symptoms, and cognition in schizophrenia.
Psychiatric Quarterly 89(1), 53–60.

Donato R (2001) S100: a multigenic family of calcium-modulated proteins of
the EF-hand type with intracellular and extracellular functional roles.
International Journal of Biochemistry and Cell Biology 33(7), 637–668.

Acta Neuropsychiatrica 7

https://doi.org/10.1017/neu.2022.37 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2022.37


Fanò G, Biocca S, Fulle S, Mariggiò MA, Belia S and Calissano P (1995) The
S-100: a protein family in search of a function. Progress in Neurobiology
46(1), 71–82.

JM Gannon, Kelly DL, Besch A, Thakur T, Khurana N, Shurin MR, Shurin
GV, Brar JS, Cihakova D, Talor MV and Chengappa KNR (2020) Racial
differences in S100b levels in persons with schizophrenia. Psychiatric
Quarterly 91(1), 137–145.

Gattaz WF, Lara DR, Elkis H, Portela LV, Gonçalves CA, Tort AB, Henna J
and Souza DO (2000) Decreased S100-beta protein in schizophrenia:
preliminary evidence. Schizophrenia Research 43(2-3), 91–95.

Gazzolo D, Florio P, Zullino E, Giovannini L, Scopesi F, Bellini C, Peri V,
Mezzano P, Petraglia F and Michetti F (2010) S100B protein increases in
human blood and urine during stressful activity. Clinical Chemistry and
Laboratory Medicine 48(9), 1363–1365.

Gerasimou C, Tsoporis JN, Siafakas N, Hatziagelaki E, Kallergi M,
Chatziioannou SN, Parker TG, Parissis J, Salpeas V, Papageorgiou C
and Rizos E (2018) A longitudinal study of alterations of S100B, sRAGE
and fas ligand in association to olanzapine medication in a sample of first
episode patients with schizophrenia. CNS & Neurological Disorders - Drug
Targets 17(5), 383–388.

Gonçalves CA, Concli Leite M and Nardin P (2008) Biological and methodo-
logical features of the measurement of S100B, a putative marker of brain
injury. Clinical Biochemistry 41(10-11), 755–763. doi: 10.1016/j.
clinbiochem.2008.04.003.

GreenAJE, Keir G andThompson EJ (1997) A specific and sensitive ELISA for
measuring S-100b in cerebrospinal fluid. Journal of Immunological Methods
205(1), 35–41.

Hendouei N, Hosseini SH, Panahi A, Khazaeipour Z, Barari F, SahebnasaghA
and Ala S (2016) Negative correlation between serum S100B and leptin levels
in schizophrenic patients during treatment with clozapine and risperidone:
preliminary evidence. Iranian Journal of Pharmaceutical Research 15(1),
323–330.

Hong W, Zhao M, Li H, Peng F, Wang F, Li N, Xiang H, Su Y, Huang Y,
Zhang S, Zhao G, Zhou R, Mao L, Lin Z, Fang Y, Zhang Q and Xie B
(2016) Higher plasma S100B concentrations in schizophrenia patients,
and dependently associated with inflammatory markers. Scientific Reports
6(1), 27584.

Ji E, BoerrigterD, CaiHQ, LloydD, Bruggemann J, O’DonnellM,Galletly C,
Lloyd A, Liu D, Lenroot R, Weickert TW and ShannonWeickert C (2021)
Peripheral complement is increased in schizophrenia and inversely related to
cortical thickness. Brain, Behavior, and Immunity 101, 423–434. doi: 10.
1016/J.BBI.2021.11.014.

Kay SR, Fiszbein A and Opler LA (1987) The positive and negative syndrome
scale (PANSS) for schizophrenia. Schizophrenia Bulletin 13(2), 261–276.

Kozłowska E, Brzezińska-Błaszczyk E, Agier J, Wysokiński A and
Żelechowska P (2021) Alarmins (IL-33, sST2, HMGB1, and S100B) as
potential biomarkers for schizophrenia. Journal of Psychiatric Research
138, 380–387. doi: 10.1016/j.jpsychires.2021.04.019.

Lara DR, Gama CS, Belmonte-de-Abreu P, Portela LVC, Gonçalves CA,
Fonseca M, Hauck S and Souza DO (2001) Increased serum S100B protein
in schizophrenia: a study in medication-free patients. Journal of Psychiatric
Research 35(1), 11–14. doi: 10.1016/S0022-3956(01)00003-6.

Van Der Leeuw C, Marcelis M, Peeters SCT, VerbeekMM, Menheere PPCA,
De Haan L, Van Os J, van Beveren NJM and Genetic Risk and Outcome in
Psychosis (2013) Replicated evidence of absence of association between
serum S100B and (risk of) psychotic disorde. PLoS One 8(12), e82535.

Ling S, Tang Y, Jiang F,Wiste A, Guo S,Weng Y and Yang TS (2007) Plasma
S-100B protein in Chinese patients with schizophrenia: comparison with
healthy controls and effect of antipsychotics treatment. Journal of
Psychiatric Research 41(1-2), 36–42.

Marder SR and Cannon TD (2019) Schizophrenia NEJM review marder. The
New England Journal of Medicine 18, 1753–1761.

Michetti F, D’Ambrosi N, Toesca A, Puglisi MA, Serrano A, Marchese E,
Corvino V and Geloso MC (2019) The S100B story: from biomarker to
active factor in neural injury. Journal of Neurochemistry 148(2), 168–187.

Milleit B, Smesny S, Rothermundt M, Preul C, Schroeter ML, von Eiff C,
Ponath G, Milleit C, Sauer H and Gaser C (2016) Serum S100B protein
is specifically related to white matter changes in schizophrenia. Frontiers
in Cellular Neuroscience 10, 33.

Morera-Fumero AL, Abreu-Gonzalez P, Henry-Benitez M, Yelmo-Cruz S
and Diaz-Mesa E (2013) Summer/winter changes in serum S100B protein
concentration as a source of research variance. Journal of Psychiatric
Research 47(6), 791–795.

Morera-Fumero AL, Díaz-Mesa E, Abreu-González P and Fernandez-Lopez L
(2021) Acute paranoid schizophrenia relapsed inpatients present summer/
winter but not day/night changes in serum S100B concentrations. Actas
Espanolas de Psiquiatria 49(5), 211–215.

Morera-Fumero AL, Díaz-Mesa E, Abreu-Gonzalez P, Fernandez-Lopez L
and Cejas-MendezMR (2017a) Low levels of serum total antioxidant capac-
ity and presence at admission and absence at discharge of a day/night change
as a marker of acute paranoid schizophrenia relapse. Psychiatry Research
249, 200–205.

Morera-Fumero AL, Díaz-Mesa E, Abreu-Gonzalez P, Fernandez-Lopez L
and Cejas-Mendez MR (2017b) Day/night changes in serum S100B protein
concentrations in acute paranoid schizophrenia. Progress in Neuro-
Psychopharmacology and Biological Psychiatry 75, 207–212.

Morera AL, Henry M, García-Hernández A and Fernandez-López L (2007)
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