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Introduction: The standard care of schizophrenia patients is based on the
assessment of their psychotic behavior, using interview-based, subjective scales
that measure symptoms severity. We aimed at defining easily accessible and
inexpensive blood-derived clinical diagnostic parameters that might serve as
objective markers in the prediction of the effects of pharmacological treatment
of schizophrenia patients.

Methods: A total of 40 patients with schizophrenia diagnosis according to ICD
10 during psychotic decompensation were included in the study. Blood-based
biochemical parameters, BMI and interview-based medical scales of symptom
severity were determined — all at admission and after 12 weeks of standard
pharmacological treatment.

Results: The drops in scale values were correlated with clinical parameters. All
scale changes after treatment were dependent on the value of the given scale
at admission, with higher initial values leading to larger drops of the values
after treatment. Models based on those correlations were significantly improved
when immune and metabolism parameters were included. C4 complement and
C-reactive protein (CRP) level at admission were predictive of changes in Positive
and Negative Syndrome Scale (PANSS) subscales related to significant disruption
of thought processes, reality testing and disorganization. The pharmacological
treatment-driven changes in scales representing negative symptoms were
correlated with markers of the patients’ thyroid status and metabolism.
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Discussion: We show that objective markers can be obtained by testing immune
and metabolic parameters from the patients’ blood and may be added at a
low cost to the standard care of schizophrenia patients in order to predict the
outcome of pharmacological treatment.

schizophrenia, inflammation, laboratory diagnostic tests, outcome of a patient's
treatment, cost optimization in psychiatry

1. Introduction

The immune system has been known to be involved in
the pathophysiology of schizophrenia for many years, and it
is also known that the immune answer is being modified by
antipsychotic therapy (1, 2). Lately, the interest in the involvement
of infections and the immune system in schizophrenia has
received growing interest. Research has proven that prenatal
exposure to microbial infections may be an environmental factor
in schizophrenia development (3, 4), and viral infections during
childhood might trigger psychoses and relapses of schizophrenia
(5). It has been shown that the acute psychotic state is characterized
by increases in immune markers and normalizes after treatment
(6). Also, the fact that treatment with anti-inflammatory drugs
shows beneficial effects on the symptomatology of schizophrenia
indicates that immune dysfunction in schizophrenia is related to
the pathomechanism of the disorder (7, 8).

In a study which evaluated the proinflammatory state in the first
episode of schizophrenia, IL-6 was recognized as a state marker
for acute exacerbations and tumor necrosis factor alpha (TNFa)
as a trait marker of schizophrenia (9). However, in yet another
study, there was no difference in levels of IL-6 and TNFa in
exacerbation compared to remission in schizophrenic patients. IL-6
was, however, higher and TNFa was lower in schizophrenic patients
in both exacerbation and remission in comparison with healthy
controls (10). A recent meta-analysis revealed an association of
schizophrenia risk with genetic variants in the promoter region
of TNFa (11). At the same time, it was noted that there was
an association between symptoms of disease severity with a
number of peripheral pro-inflammatory cytokines and salivary
microflora in patients with a first psychotic episode. Bacteroidetes,
Thermomicrobia, and Haemophilus showed negative associations
with C-reactive protein (CRP) levels. In contrast, pathogenic
Aggregatibacter, Campylobacter, Fusobacterium, Haemophilus,
and Veillonella showed negative correlations with interferon
gamma (IFNY), interleukin-8 (IL-8), and/or TNFa levels (12). The
intestinal microflora, by regulating the activity of pro-inflammatory
cytokines or bacterial antigens of different microbial species, can
influence the function of the hypothalamic-pituitary-adrenal axis
mainly related to cortisol release and modulation of cognitive
function (13, 14).

Pro-inflammatory serum cytokines including IL-6 and IL-17
are elevated in patients after with schizophrenia pharmacological
treatment (15), and have been shown to be deregulated in
treatment-resistant schizophrenia (16, 17). Research on cytokines
has also revealed that the Positive and Negative Syndrome Scale
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(PANSS) cognitive subscore is correlated with the duration of
illness and cortisol together with TNFa and IL-8 serum values
(18). Upon treatment with the anti-inflammatory drug ibuprofen,
however, it was seen that TNFa levels secreted by peripheral blood
mononuclear cells from schizophrenic patients were significantly
lower than from controls. IL-10 production correlated positively
with the PANSS positive subscale score (19).

However, while a link between psychiatric disfunctions and
the immune system has been indicated in a growing number of
investigations, this does not reflect the existence of a specific direct
causal link. Other variables, like neurobiological dysfunctions,
may also be involved in the pathophysiology of those diseases
(20). Due to the increased risk of suicidal behavior related to
depressive symptoms and unsuccessful therapeutic responses, there
is a need for novel strategies to identify non-respondents to
pharmacotherapy, who would benefit from additional therapies.
While novel strategies for the treatment of psychiatric states are
emerging (21), there is a growing need to develop prediction
strategies in order to minimize ineffective treatment in patients
who do not respond, or do only partially respond to standard
pharmacotherapy.

The role of the immune system in the pathomechanism of
schizophrenia is therefore well-supported in literature data. There
is, however, still a lack of clear indications about how to use this
knowledge in the everyday routine.

We aimed at assessing the correlations of routinely
measured laboratory blood tests at admission with changes in
psychological symptoms after unified pharmacological treatment
of schizophrenia patients. Those results could enable us to make
assumptions about the expected outcome of a patient’s treatment,
based on easy-to-obtain and relatively inexpensive diagnostic tests
performed at admission.

2. Materials and methods

2.1. Participants of the study

Forty patients were included in the study, who have
been diagnosed with paranoid schizophrenia during psychotic
decompensation according to the ICD-10 classification. One
patient was excluded due to extremely high white blood cell values
at admission, which were identified as outliers in all analyses.
Among the remaining patients, 18 (46.15%) were female and
21 (53.85%) were male. The median age was 18 years, with the
youngest patient aged 15 and the oldest 38 (IQR 17-29 years).
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Inclusion criteria: Age between 15 and 40 years, psychical
state requiring psychiatric hospitalization, medical diagnosis of
paranoid schizophrenia, F20, informed consent to participate in
the study.

Exclusion criteria: Inability to express informed consent,
intellectual disability, hospitalization without the patient’s consent,
drug or psychoactive substances abuse within 3 months before
admission, overuse of alcohol or other substances (other than
tobacco), previous head injuries with loss of consciousness,
alcohol addiction, mental disability of the parent in the case of
minor patients, psychiatric diagnosis of affective disorders (F30-
F39), use of drugs (antibiotics, non-steroidal anti-inflammatory
drugs, corticosteroids, vitamin preparations, and antioxidants)
in the last 2 weeks before admission, presence of acute
or chronic diseases: autoimmune diseases, acute inflammatory
diseases, active or previous oncological diseases, chronic terminal
disease, cardiovascular disorders, history of thyroid dysfunction,
diabetes, and history of CNS disorders. In addition, the study
excluded patients taking drugs that may affect the concentration
of thyroid hormones and their precursors: oral contraceptives,
estrogens, phenytoin, anti-thyroid drugs (e.g., propylthiouracil),
lithium, propranolol, glucocorticoids, mineralocorticoids, anti-
epileptic drugs, non-steroidal anti-inflammatory drugs, and other
immunomodulation therapies.

Demographic and clinical data were collected from each
patient; they were also asked to complete questionnaire surveys.
Blood samples were collected during routine collection of material
in the first week after the admission of the participants, as well
as after 12 weeks of pharmacological treatment, each time after
overnight fasting of the patients. Routine blood tests included
blood count, lipid profile [triglycerides (TG), total cholesterol
(TC), high-density lipoprotein (HDL), and low-density lipoprotein
(LDL)], CRP, complement C3 and C4, ionogram (K+, Na+, and
Mg+), glucose, creatinine, cortisol, and thyroid panel (fT3, fT4,
and TSH). Routine laboratory tests were carried out on the day of
blood collection at the clinical hospital laboratory in Krakow using
the automatic Sysmex XN-2000 analyzer (Cobe, Japan) for blood
count and the Cobas 6000 and Cobas 8000 biochemical analyzers
(Roche Diagnostics, Mannheim, Germany) to assess biochemical
and hormonal parameters. The BMI was calculated based on the
height and weight parameters from 3 sets of values.

Pharmacotherapy was prescribed and continued in all
patients. Both classical neuroleptics and second-generation
neuroleptics were used in accordance with the guidelines of
the American Psychiatric Association (22). Drug doses were
converted to chlorpromazine equivalents, which are defined
to be a drug dose that would correspond to 100 mg of orally
administered chlorpromazine (23). The equivalent of 200-300 mg
of chlorpromazine is considered a minimally effective dose, while
more than 1,000 mg of chlorpromazine is considered high (24).
None of the patients experienced side effects.

The study protocol has been approved by the Bioethics
Committee of the Jagiellonian University, consent number:
122.6120.23.2016 from the 23rd June 2016 and 1072.6120.152.2019
from the 27th June 2019. Each study participant and their legal
caretaker in the case juvenile patients gave their informed consent
to become included in the study. Patients were recruited from
January 2019 to January 2020.
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The Positive and Negative Syndrome Scale for Schizophrenia
(PANSS) (25) measures the severity of the core symptoms of
schizophrenia and is considered the gold standard for psychometric
assessment of schizophrenia (26). The PANSS is a semi-structured
interview based on information from the past week, with 30 items
on a continuum from 1 to 7 points. In a non-discrete study, we
used a 5-factor PANSS model (27) consisting of the following scales:
Negative symptoms, Positive symptoms, Disorganized thoughts,
Uncontrolled hostility/excitement, and Anxiety/depression.

The following subscales of the PANSS scale, according
to Marder et al. (27), were analyzed: PANSS_pos [“positive
(P1), (P3),
grandiosity (P5), suspiciousness/persecution (P6), stereotyped

symptoms”™:  delusions hallucinatory  behavior
thinking (N7), somatic concern (G1), unusual thought content
(G9), and lack of judgment and insight (G12)], PANSS_neg
[“negative symptoms”: blunted affect (N1), emotional withdrawal
(N2), poor rapport (N3), passive/apathetic social withdrawal (N4),
lack of spontaneity (N6), motor retardation (G7), and active
social avoidance (G16)], PANSS_dis [“disorganized thoughts”:
difficulty in abstract thinking (N5), mannerisms/posturing (G5),
disorientation (G10), poor attention (G11), disturbance of volition
(G13), preoccupation (G15), and conceptual disorganization
(P2)], PANSS_exc [“uncontrolled hostility/excitement”: excitement
(P4), hostility (P7), and uncooperativeness (G8)], PANSS_emo
[“anxiety/depression”: anxiety (G2), guilt feelings (G3), tension
(G4), and depression (G6)]. Each of the subscales was measured at
admission and after 12 weeks of unified pharmacological treatment.

The commonly used self-report State-Trait Anxiety Inventory
(STAI) (28) in Polish adaptation (29) was used to assess anxiety
levels. In the present study, we used the STAI-state subscale
consisting of 20 items assessing the severity of anxiety at the
time of the survey.

The Beck Depression Inventory — Second Edition (BDI-II) (30)
in Polish adaptation (31) is a widely used self-report inventory
measuring depression severity. The BDI-II contains 21 items; each
item examines the presence and severity of one specific symptom
of depression in the past 2 weeks on a four-point scale from 0 to 3.
A higher score is indicative of higher depressiveness.

The Calgary Depression Scale for Schizophrenia (CDSS) (32),
a Polish adaptation (33), is a recommended scale for measuring
the severity of depressive symptoms in people with a diagnosis of
schizophrenia. It distinguishes depression from the positive and
negative symptoms present in schizophrenia (34, 35). The CDSS
is a questionnaire consisting of 9 items with a global score range of
0-27 points. The PANSS and CDSS were completed by experienced
clinicians in working with people diagnosed with schizophrenia.

The standardized versions of the STAI measure of state anxiety
(STAI_state), Beck Depression Inventory (BDI) and the CDSS
(Calgary) were measured for changes after 12 weeks of unified
pharmacological treatment.

2.2. Statistical analysis

Statistical analyses were performed in Statistica v13 (TIBCO
Software Inc.). For analyses of the psychological scales, the drop
in the value of each subscale after 12 weeks of pharmacological
treatment was investigated. The change of each of the subscales
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was obtained by subtracting the value of a given subscale after
12 weeks from the value of the same subscale at admission.
The obtained values represent the improvement of the patient’s
condition on each scale.

The normal distribution was verified using the Shapiro-
Wilk test. The comparison of continuous variables between
two groups was performed with the Student’s t-test in case of
normal distribution or Mann-Whitney test in case of non-normal
distribution of the parameter in each group. For correlation
analysis of continuous variables, correlation and regression
analyses were performed.

In order to address the question of whether changes in PANSS
subscales after 12 weeks of pharmacotherapy were dependent on
immunological parameters, stepwise linear regression analyses
were performed, for each of the PANSS subscales independently.
Other blood-derived parameters were also included in order
to correct for clinically important information. As modeled
(dependent) parameter, the value of the change in the PANSS
subscale of interest was used. Independent parameters included the
given PANSS subscale value at admission, medication dose, BMI,
number of neutrophils (103/j1), number of lymphocytes (103/ul),
CRP serum level (mg/L), complement C3 (g/L), complement C4
(g/L), fT3 (free triiodothyronine) (pmol/L), fT4 (free thyroxin)
(pmol/L), natrium (mmol/L), creatinine (wmol/L), glucose
(mmol/L), cortisol (pg/dl), HDL (mmol/L), LDL (mmol/L),
triglycerides (mmol/L) (all values measured at admission).

The statistical significance cut-off value was a = 0.05.
Where appropriate, Bonferroni corrections for multiple
comparisons were applied.

3. Results

3.1. The inflammation indicator CRP itself
does not correlate with PANSS subscale
changes after treatment

C-reactive protein levels have repeatedly been shown to be
altered in patients with schizophrenia as compared to healthy
individuals (6, 17, 36-38). In our study group, none of the five
subscales at the time of admission correlated significantly with CRP
concentrations (Table 1a), nor did the change of the subscales after
pharmacological treatment when no other parameters were taken
into account (Table 1b). However, the STAI - state parameter was
significantly higher in patients with CRP level 5 mg/L (which is the
upper limit of the reference value for the healthy population) or
above than in patients having this parameter in the reference range
(P = 0.004).

After 12 weeks of treatment, none of the changes in scales
correlated with CRP, when no other factors were corrected for,
which means that an elevated CRP level at admission alone is not
indicative of the expected efficacy of treatment.

3.2. PANSS subscale changes correlate
with their baseline values

Changes in the subscales noted after 12 weeks of treatment were
positively dependent on the value of the given subscale at baseline,
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i.e., in general, the higher the baseline value, the bigger the observed
drop of the scale after treatment, at week 12 (Figure 1).

3.3. Changes in PANSS subscales do not
depend on medication dose

The change in none of the measures of mental status correlated
with drug dose at admission. Corrections for baseline values
were taken. P-values determined by regression analysis were 0.05,
0.75, 0.88, 0.36, and 0.87 for correlations of medication dose
and changes in PANSS_pos, PANSS_neg, PANSS_dis, PANSS_exc,
and PANSS_emo, respectively, corrected for the appropriate
baseline value. This means that higher values at admission were
characterized by a greater decrease in values after 12 weeks of
pharmacological treatment, independently of the amount of the
pharmacological substance the patients received.

3.4. Immunological parameters influence
the changes in PANSS subscales

As seen in Table 2a, the change in the PANSS_pos subscale
was impacted by the C4 complement level at admission and
when this parameter was included in the analysis, also the dose

TABLE 1a Statistical association between elevated C-reactive protein
levels at admission and the patients’ psychological state at admission.

PANSS_pos 0.20
PANSS_neg 0.07
PANSS_dis 0.20
PANSS_exc 0.04
PANSS_emo 0.05
STAI state 0.004*
BDI 0.31
Calgary 0.54

*Significant at o with Bonferroni correction 0.006. Statistical tests: Mann-Whitney for
Calgary scale, Student’s ¢-test for remaining scales.

TABLE 1b Statistical association between elevated C-reactive protein
levels at admission and change in the patients’ psychological state after
12 weeks of unified pharmacological treatment.

PANSS_pos change 0.66
PANSS_neg change 0.41
PANSS_dis change 0.68
PANSS_exc change 0.22
PANSS_emo change 0.01
STAI state change 0.07
BDI change 0.49
Calgary change 0.56

a with Bonferroni correction: 0.006. Statistical tests: Mann-Whitney for PANSS_neg and
PANSS_exc changes, Student’s ¢-test for remaining scales.
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FIGURE 1
Correlations between subscale drops (indicating improvement) after 12 weeks of treatment and subscale values at admission.

TABLE 2a Results of stepwise linear regression analyses for subscales of the Positive and Negative Syndrome Scale.

b (PANSS_pos | b SE | P-value | —95.00% CI | +95.00%ClI | B | pSE | -95.00% CI | +95.00% CI

change)
Intercept —2.113 1.429 0.15 —5.024 0.797
C4 complement —10.914 4.179 0.01* —19.427 —2.401 —0.199 | 0.076 —0.353 —0.044
Chlorpromazine —0.012 0.004 0.009* —0.021 —0.003 —0.231 0.084 —0.402 —0.062
PANSS_pos 0.847 0.070 | 2-10-13* 0.703 0.991 1.033 | 0.086 0.857 1.208

Modeling of PANSS_pos scale change after 12 weeks of pharmacological treatment.
*Statistically significant at a = 0.05.
All parameters present values at the time of admission.

TABLE 2b Results of stepwise linear regression analyses for subscales of the Positive and Negative Syndrome Scale.

dj. R? = 0.743; P (model) = 1.10~°

b (PANSS_dis | bSE | P-value | —-95.00% Cl | +95.00%Cl | B | pSE | —95.00% CI | +95.00% CI

change)
Intercept —11.881 3.250 <0.001* —18.509 —5.253
CRP —0.2313 0.079 0.006* —0.392 —0.070 —0.263 0.090 —0.446 —0.080
Glucose 1.360 0.541 0.01* 0.257 2.463 0.220 0.087 0.042 0.399
Creatinine 0.062 0.023 0.01* 0.016 0.109 0.239 0.088 0.060 0.418
PANSS_dis 0.587 0.066 5-10-10* 0.452 0.721 0.793 0.089 0.610 0.975

Modeling of PANSS_dis scale change after 12 weeks of treatment.
*Statistically significant at & = 0.05.
All parameters present values at the time of admission.

of pharmacological treatment was significantly correlated with  drop of this value after 12 weeks, while C4 complement and
those values, with correction on the baseline PANSS_pos value.  medication dose had a similar impact strength (as indicated by

The baseline value of PANSS_pos had the largest impact on the f - see Table 2a). Both C4 complement level and medication
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TABLE 2c Results of stepwise linear regression analyses for subscales of the Positive and Negative Syndrome Scale.

Adj. R% = 0.639; P (model) = 2.10~7

10.3389/fpsyt.2023.1082135

b (PANSS_neg ‘ b SE ’ P-value | -95.00% Cl | +95.00% CI ’ B ‘ B SE ’ -95.00% Cl | +95.00% CI
change)
Intercept —16.871 6.176 0.01% —29.468 —4.274
T3 —1.306 0.540 0.02% —2.406 —0.205 —0.267 0.110 —0.492 —0.042
Glucose 2.898 0.849 0.002* 1.167 4.629 0.350 0.103 0.141 0.560
Creatinine 0.123 0.036 0.002* 0.049 0.196 0.353 0.104 0.141 0.565
PANSS_neg 0.320 0.091 0.001* 0.133 0.506 0.394 0.113 0.164 0.624

Modeling of PANSS_neg scale change after 12 weeks of treatment.
*Statistically significant at & = 0.05.
All parameters present values at the time of admission.

TABLE 2d Results of stepwise linear regression analyses for subscales of the Positive and Negative Syndrome Scale.

Adj. R? = 0.765; P (model) = 2.10~1

b (PANSS_exc ’ b SE ’ P-value ‘ -95.00% Cl | +95.00% CI ’ B ‘ B SE ’ -95.00% Cl ’ +95.00% CI
change)
Intercept —6.129 1.590 <0.001* —9.364 —2.894
Creatinine 0.069 0.022 0.003* 0.025 0.114 0.276 0.087 0.098 0.453
PANSS_exc 0.620 0.073 7-10-10% 0.472 0.767 0.747 0.087 0.569 0.925

Modeling of PANSS_exc scale change after 12 weeks of treatment.
*Statistically significant at & = 0.05.
All parameters present values at the time of admission.

TABLE 2e Results of stepwise linear regression analyses for subscales of the Positive and Negative Syndrome Scale.

Adj. R? = 0.562; P (model) = 5-10~7

b (PANSS_emo | b SE ’ P-value | —95.00% CI | +95.00% CI ‘ B ’ BSE | —95.00% CI | +95.00% Cl
change)
Intercept —0.168 1.948 0.93 —4.132 3.795
HDL —1.954 0.812 0.02% —3.606 —0.303 —0.278 0.115 —0.513 —0.043
PANSS_emo 0.578 0.103 3-10-6* 0.369 0.787 0.649 0.115 0.414 0.884

Modeling of PANSS_exc scale change after 12 weeks of treatment.
*Statistically significant at & = 0.05.
All parameters present values at the time of admission.

dose were negatively correlated with the change in PANSS_pos,
which means that simultaneously occurring lower values of those
parameters corresponded to larger drops in the PANSS_pos scale
after 12 weeks of pharmacological treatment. After removal of the
medication dose from the model, also C4 complement becomes
insignificant. The corrected R? value indicates the superiority
of this more complex model over the model with only the
baseline PANSS_pos value. This means that for PANSS_pos, the
simultaneous consideration of baseline PANSS_pos score, C4
level and the implemented pharmacological treatment dose are
best predictive for the change in PANSS_pos after 12 weeks of
treatment.

When testing the influence of different parameters on
PANSS_dis subscale change prediction, this scale depended
not only on its value at admission but additionally on the
inflammation-indicative parameter CRP, glucose, and creatinine
levels at admission, with an adjusted R? value indicating the
superiority of this model over the model with baseline PANSS_dis
scale values only (Table 2b). Also in this case, the greatest influence
on the scale change value was provided by the baseline value
of PANSS_dis and the correlation with the immunological factor

Frontiers in Psychiatry

was negative, which means that the lower the serum CRP level
at admission, the bigger the drop of the PANSS_dis scale after
12 weeks of pharmacological treatment.

Similarly to the above scale, PANSS_neg change was also
positively dependent on its baseline value, glucose and creatinine
levels but - differently than in the case of PANSS_dis, also
negatively on the thyroid functioning indicator fI3 instead of
inflammation parameters (Table 2c). In this case, all the parameters
in the model had a similar influence strength.

PANSS_exc and PANSS_emo were not dependent on
immunological parameters and were most strongly influenced by
their values at admission (Tables 2d, e).

The remaining scales did not reveal significant correlations
for immunological parameters (and are therefore not shown). The
change in STAI_state and BDI were dependent only on their initial
values (adj. R*> = 0.686 and adj. R* = 0.126, respectively). The
correlation of the STAI_state with CRP was not significant for the
change of this value after treatment. The change after treatment
of the Calgary scale, which is a measure of depression level in
schizophrenia patients, was modeled to be dependent only on
the number of neutrophils at admission and not on the value at
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admission (not shown). However, the low value of the coeflicient
of determination for this model (adj. R? = 0.086) indicates a low
predictive value of this parameter for the change in the Calgary
scale after treatment.

4. Discussion

In this study we show that, for schizophrenia patients,
inexpensive objective markers may be obtained by testing immune
and metabolic parameters from the patients’ blood, and may be
added at a low cost to the standard care of schizophrenia patients
in order to predict the outcome of pharmacological treatment. To
our knowledge, our study is the first that provides evidence for the
reasonability of such an attitude.

In general, our investigation identifies that unified medical
treatment for 12 weeks improved the patients’ mental health, as
measured by psychiatric scales. The improvement was higher when
higher values of the psychiatric scales were present at admission.

Only changes in the subscales PANSS_pos and PANSS_dis
after 12 weeks of unified pharmacological treatment depended on
inflammation parameters, in addition to the initial values of those
scales. Those immunological parameters were C4 complement at
admission (with correction for medication dose) for PANSS_pos,
and CRP level at admission for PANSS_dis. Both subscales
represent the significant disruption of thought processes and
perception of reality. In contrast, the scales representing negative
symptoms like emotional and social withdrawal, depressive mood,
hostility etc., did not depend on immune parameters. For both
PANSS_pos and PANSS_dis, lower values of immunological
parameters corresponded to larger drops in the corresponding scale
after 12 weeks of pharmacological treatment. This is in agreement
with literature data on other immune parameters. For example,
it has been shown that patients having low concentrations of
serum IL-2 or IL-8 at baseline showed greater improvement than
patients presenting with higher IL-2 or IL-8 concentrations in
the serum at baseline (40). It has previously been shown that
neutrophils, monocytes, and CRP are in general increased in
schizophrenia patients vs. controls at baseline. CRP correlated
with the PANSS-P score at baseline in first-episode psychosis
patients and the amelioration of positive symptoms as a result of
treatment correlated with lower neutrophil levels or CRP values
(36). Also in another study, in the first episode of schizophrenia,
the levels of non-specific inflammation markers in the blood
(WBS, CRP, erythrocytes sedimentation rate, and granulocytes
from the leukocyte formula) were high in the subpopulation of
patients, with the tendency toward normalization of inflammation
parameters after a 4-week antipsychotic treatment (41). CRP has
also previously been associated with cognitive impairment severity
in schizophrenia patients but not with the severity of psychiatric
symptoms (37). However, in the cited work, psychiatric symptoms
were analyzed using the basic positive, negative, or general PANSS
symptoms. On the contrary, in our study, we used subscales, as
indicated by Marder et al. (27). The advantage of those subscales
over the traditionally determined P (positive), N (negative), G
(general), and T (total) is that those subscales are obtained based
on principal components and are therefore linearly uncorrelated
with each other, which allows for their independent interpretation.
Each of the subscales represents a different area of symptoms.
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In our study group, none of the five subscales at the time of
admission correlated significantly with CRP concentrations, nor
did the change of the subscales after pharmacological treatment,
when analyzed independently. However, the STAI - state parameter
was significantly higher in patients with CRP level 5 mg/L or above
than in patients having this parameter in the reference range. We
additionally show that when the baseline value of the PANSS_dis
subscale is included as a confounding factor, higher CRP levels at
baseline may be related to a worse prognosis in the improvement
after treatment of the subscale of PANSS related to disorganized
thoughts. At the same time, the CRP value at admission has no
significant impact on the change of other subscales, neither when
analyzed alone nor together with confounding factors.

In the case of the subscale representing negative symptoms,
the free thyroid hormone T3 was significant, together with levels
of glucose and creatinine, which are markers of the patients’
metabolism. A correlation of negative symptoms with thyroid
status can be found in previous literature. For example, in the study
of Barbero et al. anti-thyroid antibodies correlated with a more
severe phenotype, which was characterized by increased negative
symptoms and poorer functioning in early psychotic patients (39).
In the case of scales representing excitation and negative emotions,
in our study, their changes after treatment were predominantly
dependent on the initial value of the given scale but also on
metabolic parameters.

The correlation of inflammation parameters with positive
PANSS scales at admission, as well as of fT'3 with PANSS_neg
at admission has been shown by our team in a previous work
(42). Here, we show that those parameters are significant also
for the decline in those values after pharmacological treatment.
In summary, we found that for the PANSS subscales PANSS_pos
and PANSS_dis, representing excitation and disorganization of
thought processes, the immunological parameters C4 and CRP,
respectively, are modifying parameters for the outcome of
pharmacological treatment. For negative symptoms, fT3, glucose
and creatinine levels were significant modifiers, while scales
representing excitation and negative emotions, were influenced by
the parameters creatinine and HDL, respectively.

Measurement of mental parameters on subjective scales based
on interviews with the patients remains the standard for clinical
assessment of patients with mental illness. The clinical phenotype
is particularly variable for patients with schizophrenia, who are
therefore vulnerable to polypragmasia. The introduction of the
suggested changes into the standard clinical care would result in
the addition, at a low financial cost, of objective markers of a
patient’s chance of improving specific areas of their functioning
following pharmacological treatment. The addition of laboratory
markers, i.e., CRP, C4, and metabolic parameters, to the standard
of psychiatric care during a patient’s admission to a psychiatric
ward is a cost of only around €100-160 per patient (Supplementary
Table 1). This cost assessment is based on commercially available
diagnostic tests. Performing these assays in a hospital laboratory
for internal use will incur an even lower cost. Considering
the cost of chronic pharmacotherapy with neuroleptics, the
complications generated by this treatment and their management
(including cardiometabolic disfunctions, i.e., metabolic syndrome,
obesity, tachycardia, dyslipidemia, myocardial infarction, stroke;
and hematological disorders, e.g., agranulocytosis) and the cost of
monitoring the patient’s clinical status, the addition of inexpensive
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and objective markers obtained by diagnostic laboratory tests to the
primary care of psychiatric patients with a heterogeneous spectrum
of symptoms seems reasonable.

5. Conclusion

Concluding, in this study, we provide practical evidence that
basic immunological and metabolic markers may be of value in
the therapeutics course of patients with schizophrenia. Our results
show how easily accessible diagnostic values obtained at patient
admission may be used in predicting the outcome of given aspects
of the clinical schizophrenia picture. Moreover, we provide a cost-
effective research framework and laboratory work for frontline
clinicians interested in the relationship of the immune system
and metabolism with schizophrenia. Validation of those results on
additional patient cohorts may lead to the implementation of such
predictors in everyday practice.
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