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New Zealand complete birth cohort examined the
structure of psychopathology, considering dimen-
sionality, persistence, co-occurrence, and sequen-
tial comorbidity of mental disorders across
20years, from adolescence to midlife. In that
study, psychiatric disorders were explained with a
dimension of general psychopathology called p
factor. The p factor can help to understand a
component of psychopathology related to low
functioning that cannot be captured by our cur-
rent classification system [Diagnostic and Statistical
Manual of Mental Disorders (DSM)], which, in
addition to other factors, is limited by biological
validity. This study proposes transdiagnostic
approaches to mental disorders.”

In the search for new therapeutic targets to treat
different SMIs, there is a growing interest on the
role of inflammation and the immune system in
the pathogenesis of these disorders.®® There is
significant preclinical and clinical evidence that
the immune system contributes to pathological
expression of SMI.10-14 The relationship between
mental illness and the immune system can be
attributed to hyperactivity of the hypothalamus—
pituitary—adrenal axis as a result of anomalous
feedback inhibition of endogenous glucocorti-
coids.!’® Then, a complex cascade of pro- and
anti-inflammatory cytokines can trigger an
immune dysregulation resulting in different psy-
chiatric symptoms. Cytokines are key signaling
molecules of the immune system that exert effects
on the peripheral and central nervous system.
They are produced by immune and nonimmune
cells and exert their effects by binding to specific
receptors on several target cells. Cytokines are
major regulators of acute and chronic inflamma-
tion, a complex but vital biological response that
affects all organ systems. Cytokines help coordi-
nate the function of the innate and adaptive com-
ponents of the immune system, in addition to a
number of other physiological processes through-
out the body.%16 With advances in molecular and
genetic biology, associations were identified
between genes involved in the regulation of the
immune system and increased risk of MD, BD,
and Sz.!7-21 These diseases are also associated
with abnormalities in the number of immune
cells, inflammatory markers, and antibody titers.22

Over the last few years, several meta-analyses were
designed to assess the association of inflammatory
markers with mental illness, including studies on
MD,!0:14 BD,11.23-25 gnd Sz.1226 Publications
including these data involve different aspects of

inflammation and mental illness. There are publi-
cations addressing clinical,?” postmortem,2* blood
marker,® cerebrospinal marker,2¢ diagnostic,?® and
treatment?® aspects. Different inflammatory mark-
ers have been studied, including interleukins
(ILs), tumor necrosis factor alpha (TNF-a), and
interferon gamma (IFN-y). However, this variety
of published studies makes understanding com-
plex. For example, these studies generally assess
each psychiatric disorder separately and crosswise.
To our knowledge, there is no study evaluating
main SMIs (MD, BD, and Sz) in the same sample
controlling for heterogeneity of settings, recruit-
ment methods, and geographical origins of the
sample.

To fill this gap and try to better understand the
association of SMI with the inflammatory system,
our study aimed to: (1) compare levels of differ-
ent kinds of cytokines in patients with MD, BD,
and Sz from an SMI population of inpatients in a
‘true-to-life’ setting; (2) assess levels of different
kinds of cytokines at admission and discharge; (3)
compare them with healthy controls; and (4)
evaluate clinical improvement. With these data,
we can compare serum cytokine levels (SCLs)
between different diagnoses and with a healthy
population as well as estimate whether there is an
influence of usual treatment on the inflammatory
process of these patients.

Methods

We performed a prospective cohort study in which
we included inpatients at a psychiatric unit of a ter-
tiary care hospital (Hospital de Clinicas de Porto
Alegre, southern Brazil) who were examined for
eligibility upon admission. We invited all patients
18years or older who were admitted between June
2011 and December 2013. Patients were included
if they met both criteria of the National Institute of
Mental Health (NIMH) for SMI or had a Global
Assessment of Functioning (GAF) score <50 (at
initial assessment).3? The two major NIMH crite-
ria are the following: (1) duration, characterized as
‘prolonged illness’ and ‘long-term treatment’ with
a history of mental illness or treatment for 2years
or more and (2) disability, which includes danger-
ous or disruptive social behavior, moderate impair-
ment in work and nonwork activities, and mild
impairment in the performance of activities of daily
living and in meeting basic needs.3%3! Within 72h
of hospitalization, the following clinical assess-
ments were conducted: the Mini-International
Neuropsychiatric Interview (MINI), a structured
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interview based on DSM, 5th edition (DSM-5) cri-
teria;32 the Clinical Global Impression—Severity
Scale (CGI-S),33 a 7-point scale that measures the
severity of the disease perceived by the clinician;
the Brief Psychiatric Rating Scale (BPRS),3* which
measures general psychiatric symptoms, such as
depression, anxiety, hallucinations, and unusual
behavior; the GAF,3> which measures symptoms
and functioning, the Hamilton Depression Rating
Scale 17-item version (HDRS-17), which meas-
ures depressive symptoms and Young Mania
Rating Scale (YMRS) to access manic symptoms.
Clinical and sociodemographic evaluations were
performed by psychiatrists and psychiatry resi-
dents, and blood samples were taken 24h after
admission. Seventy-two hours before discharge,
inpatients were reassessed, and blood samples
were collected again. Patients with insufficient
communication skills to participate in the inter-
view or provide written informed consent were
excluded.

We excluded patients with the following criteria:
hospital stay <7 days; drug or alcohol addiction or
dependence as the main diagnosis; pregnancy or
breastfeeding; acute or chronic infectious, autoim-
mune, neoplastic, or endocrine disease; or occur-
rence of myocardial infarction or other major
cardiovascular disorders in the past 6 months.

One hundred healthy blood donors were invited
to participate as a healthy control group. A psy-
chiatrist not affiliated with the hematologic center
conducted the same structured interviews using
MINI, and if the subjects met the diagnostic cri-
teria for any psychiatric disorder, they were
excluded from the study. Controls were also
excluded if they were using any psychiatric medi-
cations at the time of the interview. Inflammatory
marker measurements were conducted after
screening the participants’ medical histories,
physical examinations, and laboratory tests in the
Brazilian hematologic center of the Federal
University of Rio Grande do Sul.

Evaluation of serum cytokines

We collected venous blood samples (10ml) by
venipuncture into an anti-coagulant-free tube.
The samples were centrifuged at 4000g for
10 min, and serum was collected and stored at
—80°C. Serum cytokine concentrations were
determined by flow cytometry using the BD™
cytometric bead array T-helper cell 1 (Thl)/
Th2/Th17 Human Cytokine Kit (BD

Biosciences, San Diego, CA, USA). This kit
allows the discrimination of the anti-inflamma-
tory cytokines IL-4 and IL-10, and the pro-
inflammatory cytokines IL-2, IL-6, TNFa,
IFN-y, and IL-17. We used a FACSCalibur flow
cytometer (BD Biosciences) for sample process-
ing and data analyses. The results were gener-
ated in graphical and tabular formats using the
FCAP Array™ cytometric bead array analysis
software (BD Biosciences).

Statistical analysis

The sample size was based on a previous obser-
vational study whose subjects were recruited at
the same place as ours.?® The normality of data
distribution was examined by the Shapiro—Wilk
test, and the assumption was satisfactory when
the p value was >0.05. As for baseline sociode-
mographic data, continuous variables were
compared between groups by Mann—Whitney
U test (cases and controls) and Kruskal-Wallis
test, followed by Dunn post hoc test (SMI
groups). We used chi-square test for categorical
variables. Statistical significance was achieved
if p value <0.05. Kruskal-Wallis test, followed
by Dunn post hoc test, was also used for com-
paring between-group SCL at admission and
discharge.

Generalized estimating equations (GEEs) were
used for longitudinal data analyses. GEEs can be
used in models with non-normally distributed
and unbalanced error data (i.e. when data are
missing).32 In this study, two GEEs were per-
formed. The first analysis evaluated SCL at
admission and discharge in SMI patients control-
ling for subgroup [MD, BD, mania (Ma), and
Sz], gender, age, weight, and length of stay. The
second analysis compared SCL between SMI
patients and controls at both time points. As the
control group was assessed a single time, their
SCL values were repeated in the analyses. Age,
gender, and weight were also controlled for in this
second analysis. Pvalues <0.05 defined statistical
significance.

All analyses were performed using the Statistical
Package for the Social Sciences, version 18, for
Windows (SPSS®, Chicago, IL, USA).

Results
Sociodemographic and clinical characteristics of
the total SMI patient sample, its diagnostic
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subgroups, and the characteristics of the control
sample are shown in Table 1. There were no sig-
nificant differences between diagnostic patient
subgroups regarding age, years of study, ethnic-
ity, and smoking status. However, there were
significant  differences between subgroups
regarding sex proportion (¥2=18,36; p<<0.001),
previous admissions (H=35.55; p<<0.001), age
of onset (H=47.11; p<0.001), and length of
stay (H=10.59; p=0.01). There was no statisti-
cally significant correlation between Caucasians
and non-Caucasians.

=BD)
BD

BD)<Ma
Sz)=BD

Post hoc
Sz<(MD=
MD < (Ma
(Ma=Sz)<(MD
(MD<Sz)=Ma

p
<0.001
0.05
0.17
0.29
0.48
<0.001
<0.001
0.01

H/y2b
18.36
7
4.99
3
2
&9
47.11
10.59

Sz patients were predominantly male, were
younger at disease onset, and had a longer length
of stay. BD patients were older and had a con-
siderably higher number of previous psychiatric
admissions compared with other subgroups.
MD patients, in turn, had fewer previous psychi-
atric admissions and a shorter length of stay.

=4
24 (34.8)
38 (28-47)
8(5-11)
59 (85.5)
17 (24.6)
4(2-9)
21(18-23)
31(18-52)

Sz

=4
33(70.2)
39 (28-56)
11(8-12)
37 (78.7)
14(29.8)

3(1-5)
23 (17-33)
25 (19-35)

Ma

When healthy controls and SMI patients were
compared (Table 1), the control group was found
to be younger (U=7.94; p<<0.001) and to have a
smaller proportion of female individuals
(x2=2.49; p=0.11).

26

15 (55.6)
46 (40-59)
10 (7-12)
25(92.6)
11(40.7)
10 (7-12)
32 (26-42)
28 (20-37)

BD

The body mass index (BMI) mean of the popula-
tion studied was 27.59 (median=25.8).

92
60(63.2)
42 (33-54)
11(7-12)
75 (78.9)
23 (24.2)
1(0-3)
31 (24-45)
23 (16-32)

SMI
MD
N

Table 2 shows median SCL values in SMI patients
at admission and discharge as well as in controls.
At discharge, there was a retention of 68.9% of
patients. There was a significant reduction in
BPRS and CGI scores, and an increase in GAF
scores for all groups assessed (»p<<0.001). There
was a significant reduction in HDRS-17 scores
among MD patients (»p<<0.001) and in YMRS
scores among Ma patients (p<<0.001) (Figure 1).
Compared with controls, SMI patients were found
to have a higher overall SCL (regardless of diag-
nosis), with a significance level at <0.05.

Nl
< 0.001
< 0.001
97
02

U/
2.49
7948.5
12 160
0.001
5.71

Controls
100
44 (44)
31 (25-42)
11 (11-15)
83 (83)
18 (18)

N

There was no significant reduction in the levels
of IFN-y, TNF-a, IL-4, IL-10, and IL-17
(p=0.71) in any of the subgroups. IL-6 and
IL-2 levels decreased significantly between
admission and discharge only among MD
patients (p=0.002 and p=0.03, respectively).
However, IL-2 was not different compared with
controls at discharge, while IL-6 was still sig-
nificantly lower among controls at discharge.
Among the other subgroups (Sz, Ma, and BD),
there was no statistically significant change in
SCL (p<0.05) (Figure 2).

SMI
N=206
137 (53.3)
42 (31-52)
11(6-12)
166 (80.6)
70 (27.2)
2 (0-5)
26 (20-39)
30.03 (20.62)

bKruskal-Wallis H test for continuous variables or y2 for categorical variables. Values are shown as median (interquartile range) or n (%).

BD, bipolar depression; LOS, length of stay; Ma, mania; MD, major depression; SMI, severe mental illness; Sz, schizophrenia.

aMann-Whitney U test for continuous variables or y? test for categorical variables.

Ethnicity, Caucasian
Previous admissions, n

LOS, days

Table 1. Patient demographic characteristics.

Age, years

Years of study
Smoker, yes

Age of onset, years

Sex, F
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Table 2. Median serum cytokine levels among patients with severe mental illness and controls..

w

=

=N
o o

Major Bipolar Mania (Ma) Schizophrenia Controls pvalue Post hoc
depression (MD) depression (BD) (n=44) (Sz) (n=100)
(n=92) (n=26) (n=44)
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
TNF-a (pg/ml) 1.91(1.51-2.35) 2.11(1.76-2.27) 2.0(1.59-2.42) 1.80(1.36-2.29] 1.77 0.05 -
Admission 1.74 (1.46-2.52) 2.24(1.62-2.63) 1.72 (1.23-2.45)  1.86(1.37-2.32)  (1.37-1.14) 0.22 -
Discharge
IFN-v (pg/ml) 1.50 (1.12-1.9) 1.28 (0.89-1.71) 1.48 (1.14-1.68) 1.52(1.16-1.86) 1.52 0.52 -
Admission 1.46(1.1-1.86) 1.27 (1.13-1.63) 1.77 (1.32-2.19)  1.44 (1.01-1.84)  (1.17-1.79) 0.3 -
Discharge
IL-2 (pg/ml) 1.07 (0.86-1.32) 0.99 (0.79-1.3) 1.09 (0.8-1.49)  0.97 (0.8-1.25) 0.81 <0.001 (C=BD=Sz)
Admission 0.89 (0.72-1.25) 0.88(0.75-1.29) 0.88 (0.72-1.34)  0.86(0.69-1.54)  (0.67-1) 0.164 <[(MD=Ma)
Discharge -
IL-4 (pg/ml) 0.52(0.41-0.73) 0.47 (0.35-0.6) 0.54 (0.37-0.76) 0.52(0.38-0.62) 0.48 0.2 -
Admission 0.54 (0.39-0.79) 0.5 (0.4-0.67) 0.58 (0.48-0.76) 0.51(0.38-0.71)  (0.37-0.59) 0.1 -
Discharge
IL-6 (pg/ml) 2.64 (1.4-6.62) 2.15(1.38-3.77) 3.23(1.88-6.56) 2.39(1.12-4.31) 0.7 <0.001 C<(MD=BD=Ma=5z)
Admission 1.82 (1.03-3.24) 2.38 (1.2-5.66) 1.91(0.88-5.59)  1.94(1.01-2.79)  (0.48-1.22) <0.001 C<(MD=BD=Ma=Sz]
Discharge
IL-10 (pg/ml) 0.92(0.67-1.12)  0.86 (0.57-1.13) 0.98(0.72-1.52) 1.01(0.76-1.55)  0.52 <0.001 C<(MD=BD=Ma=5Sz)
Admission 0.83(0.62-1.14) 0.83 (0.62-1.04) 0.98 (0.75-1.43)  0.97(0.67-1.86)  (0.42-0.7) <0.001 C<(MD=BD=Ma=Sz)
Discharge
IL-17(pg/ml) 55.5(39.4-77.3) 50.5 (29-58.1) 57.5(44.5-75.7) 51.3(24.6-68.8)  26.6 C<(MD=BD=Ma=5z)
Admission 50.1(28.5-63.5)  48.2(33.9-61.4)  57.86 (36.4-82) 45.2(23.3-63.6)  (20.4-44.8) <0.001 C<(MD=BD=Ma=5z)
Discharge <0.001
IFN-y, interferon gamma; IQR, interquartile range; IL, interleukin; TNF-a, tumor necrosis factor alpha.
The significance of bold values p<<0.05.
BPRS cal GAF
30 * 6 80 % *
* 70
25 5
* * * * * * 60 * A
> > >
£1s 3 540
] 2 230
z10 22 b3
0

o

Major

Depression

Mania

Schizophrenia

Bipolar
Depression

Major Mania

Depression

.Admission

Schizophrenia

Bipolar

Depression

Discharge

*P<0.001 AP=0.09

Figure 1. Clinical improvement in different patient subgroups.

BPRS, Brief Psychiatric Rating Scale; CGl, Clinical Global Impression-Severity Scale; GAF, Global Assessment of Functioning.

Discussion

The three main findings of this study are as follows:
(1) there was an increase in SCL in all subgroups
(MD, BD, Ma, and Sz) compared with healthy
controls and there was no statistical difference

between the different subgroups; (2) there was a
reduction in IL-2 and IL-6 in the MD subgroup at
the end of hospital treatment; and (3) all inpatients
with SMI (MD, BD, Ma, and Sz) showed clinical
improvement at the end of hospital treatment.

o

Major
Depression

Mania

Schizophrenia  Bipolar

Depression
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IL-17 - 0.07 (-0.02; 0.15) 1L-17 ——— -0.04 (-0.16, 0.07)
0,3 0,2 0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,3 0,2 0,1 0 0,1 0,2 0,3 04 0,5 0,6

Mean Difference (loglpg/mi])

Mean Difference [loglpg/ml])

Schizophrenia Mean Difference (IC95%) Bipolar Depression Mean Difference (IC95%)
TNF-a —a -0.07 (0.21; 0.07) TNF-a — -0.009 (-0.09; 0.07)
IFN-y y -0.004 (-0.18; 0.17) IFN-y -0.02 (-0.16; 0.11)
IL-2 S~ | W -0.04 (0.2:0,12) L2 s 0.02 (-0.09; 0.13)
IL-4 -0.08 (-0.27; 0.12) IL-4 . -0.03(-0.12; 0.007)
IL-6 0.13(-0.11; 0.38) IL-6 -0.02 (-0.21; 0.16)
IL-10 . T 0.0003 (-0.18; 0.18) IL-10 —e -0.02 (-0.13; 0.09)
IL-17 L e — 0.03 (-0.07; 0.14) IL-17 — -0.01(-0.12; 0.1))

0,4 0,3 0,2 0,1 0 0,1 0,2 03 04 0,5 0,6 0,3 0,2 01 0 01 0,2 03 04

Mean Difference (log[pg/ml])

Mean Difference (loglpg/ml])

Figure 2. Serum cytokine level alterations in different patient subgroups.
Cl, confidence interval; IFN-y, interferon gamma; IQR, interquartile range; IL, interleukin, TNF-a.: tumor necrosis factor

alpha.

We believe that this is the first naturalistic study to
evaluate a single sample of SMI inpatients with
different diagnoses and compare it with healthy
controls. In addition, we evaluated the interfer-
ence of hospital treatment in serum inflammatory
markers.

Although the published studies do not group dif-
ferent disorders together in the same sample, a
2016 meta-analysis evaluated 114 studies that
included patients with Sz, BD, and MD in the
acute and chronic phases. This meta-analysis
showed that IL-6 and TNF levels, for example,
increased in the acute phase of Sz, Ma, and MD
compared with healthy controls. After treatment,
IL-6 levels decreased significantly in Sz and MD.
In chronic patients, IL-6 levels were significantly
increased for Sz, euthymic (but not depressed)
BD, and MD compared with healthy controls.
Overall, there were similarities in the pattern of
cytokine changes in Sz, BD, and MD during the
acute and chronic phases of the disease and in the
common underlying pathways for immune

dysfunction.® Our study showed that all patients
admitted with SMI had higher levels of IL-2,
I1-6, IL-10, and IL-17 than controls at admis-
sion and higher levels of IL-6, IL-10, and IL-17
at discharge. These findings, added to those
found in the existing literature, suggest a com-
mon pathophysiological interface among SMIs,
with the inflammatory theory as a possible expla-
nation to the intersection of these different
disorders.

In the subgroup of MD patients, there was a
reduction in IL-2 and IL-6 levels with hospital
treatment, accompanied by clinical improvement.
Although our study did not assess which interven-
tion specifically alters the levels of inflammatory
markers in this subgroup, we believe that the
improvement in the inflammatory pattern is a
response to treatment. A 2017 meta-analysis
involving 82 studies (3212 depressed patients and
2798 healthy controls) evaluated inflammatory
markers and depression, and also found that
depressed patients had high levels of IL-6 and

journals.sagepub.com/home/tpp
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other cytokines.3” Moreover, another meta-analy-
sis published by the same author showed that
antidepressant treatment significantly decreased
peripheral levels of IL-6 in addition to other
cytokines.38

Direct evidence of inflammation in depression
comes from meta-analyses of cross-sectional
studies of inflammatory markers in depression,
which showed increased concentrations of differ-
ent cytokines.1%3% Other evidence for a role of
inflammation in psychiatric disorders comes from
treatment studies: meta-analyses of clinical trials
indicate that anti-inflammatory drugs may have
antidepressant effects.40:41 However, some studies
have shown the lack of effectiveness of anti-
inflammatory drugs in depression and suggested
that this variability may be due to heterogeneous
inflammatory changes among patients with
depression.*? Some clinical trials testing specific
inflammatory cytokines, such as IL-6, suggested
their contribution to the pathogenesis of a type of
‘inflamed depression’.43> Therefore, identifying
the profile of the patient with ‘inflamed depres-
sion’ and which cytokines are altered can help
find specific treatments for depression, since a
large portion of patients with depression is known
to be refractory to the usual treatments. The
decrease in IL.-2 and IL-6 levels associated with
clinical improvement in severely depressed
patients, while they were hospitalized, was the
main finding of our study. This information may
be important so that new specific interventions in
this inflammatory pathway can be studied in this
population.

A 2019 meta-analysis evaluated the effectiveness
of immunomodulatory drugs for depressive symp-
toms that are comorbidly associated with inflam-
matory disorders. Anti-IL-6 antibodies had
effects on depressive symptoms. There are no
clinical trials that tested the effect of these medi-
cations on the clinical population of depressed
patients. 4

A preliminary study conducted in China studied
the relationship of inflammatory markers as a pre-
dictor of ketamine response as a rapid antidepres-
sant agent in patients with MD resistant to
conventional treatment. This study showed that
IL-6 levels were significantly higher in the
responder group than those in the non-responder
group, which could be a useful predictive bio-
marker of treatment.*>

The present study has two main limitations. First,
the samples are of different sizes, with the MD
subgroup being larger. This may have influenced
the reported finding to be statistically significant.
Second, we did not investigate which factor is spe-
cifically associated with a decrease in IL-2 and
IL-6 levels in MD patients. However, as patients
had clinical improvement, this suggests that usual
treatment interferes with the inflammatory path-
way even though it is not based on an anti-inflam-
matory agent. Finally, several ILs have been tested
for various disorders, which could lead to the pos-
sibility of an alpha error. Even so, we decided not
to use any specific correction for multiple com-
parisons in statistical analysis, in view of the dam-
age that correction for multiple statistical tests can
contribute to psychiatric research.46

Conclusion

Patients with MD experienced a reduction in
IL-2 and IL-6 levels during hospital treatment,
which was accompanied by clinical improvement.
This association was not found in the remaining
SMIs (BD, Ma, and Sz).

This study corroborates the hypothesis that SMI
patients experience inflammatory changes. Our
findings may contribute to the improvement of
treatment strategies and provide such patients
with better adaptation skills, which in turn will
improve their quality of life.
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