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Purpose: Agitation is prevalent among inpatients with schizophrenia. The aim of this study
was to investigate whether biochemical parameters are associated with agitation in
schizophrenia.

Patients and Methods: Agitation was evaluated by the Positive and Negative Syndrome
Scale-Excited Component questionnaire (PANSS-EC). Fasting serum levels of C-reactive
protein (CRP), free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hor-
mone (TSH), uric acid (UA), creatinine, glucose and lipids were measured.

Results: The analysis included 154 inpatients with schizophrenia (71 with agitation, 83
without agitation) and 75 healthy control subjects. Patients with schizophrenia and agitation
had higher serum levels of CRP, FT3, FT4 and UA as well as lower levels of serum TSH and
creatinine than patients without agitation (all P < 0.05). Multivariate logistic regression
analysis indicated that serum CRP (odds ratio [OR] = 1.470, P = 0.001), FT3 (OR = 13.026,
P < 0.001), TSH (OR = 0.758, P = 0.033) and creatinine (OR = 0.965, P = 0.004) were
significantly associated with agitation in schizophrenia. CRP, FT3, TSH and creatinine
achieved an area under the ROC curve of 0.626, 0.728, 0.620 and 0.663 respectively in
discriminating schizophrenia with or without agitation.

Conclusion: Increased serum CRP and FT3 levels and decreased serum TSH and creatinine
levels are independent risk factors for agitation in hospitalized patients with schizophrenia.
Inflammation, thyroid hormones and renal function may be involved in the pathogenesis of
agitation in schizophrenia.

Keywords: schizophrenia, psychomotor agitation, C-reactive protein, triiodothyronine,
thyroid-stimulating hormone, creatinine

Introduction

Schizophrenia is a severe psychiatric disorder that affects approximately 1% of
people worldwide," and is one of the top 10 global causes of disability.”
Schizophrenia has a profound effect on both individuals and society.® This disorder
reduces life expectancy by 10-20 years,* and places a heavy burden of care on the
families and friends of those affected.” Agitation is common in patients with
schizophrenia, especially during an acute exacerbation of the disease.’ Indeed,
schizophrenia accounts for 47% of all episodes of psychiatric agitation in Europe.®
The prevalence of agitation in newly hospitalized patients with schizophrenia is
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47.5% in China.” Agitation is a complex behavior char-
acterized by excessive motor or verbal activity, irritability,
uncooperativeness, yelling and threatening other people.’
When agitation escalates into aggression and violence,
immediate intervention should be taken to prevent harm
to patients, their care providers and others.'®'2

Considerable efforts have been made to identify bio-
markers for schizophrenia and other psychotic disorders,
although objective and specific diagnostic biomarkers for
schizophrenia have yet to be identified. Nevertheless, in
recent years there has been increasing interest in the iden-
tification of biomarkers that could be used to facilitate the
diagnosis of schizophrenia, disease monitoring, and eva-
luation of the response to treatment.'*'*> The discovery of
biomarkers associated with agitation in schizophrenia
might help clinicians to instigate early intervention to
reduce the risk of agitation developing into aggression
and violence.

Although the pathophysiology of schizophrenia is not
fully understood, there is evidence that inflammation may
play a role in this disorder.'®'® C-reactive protein (CRP)
is widely used in clinical practice as a biomarker of
inflammatory status. Elevated levels of serum CRP have
been reported to be associated with an increased risk of
schizophrenia.'®*® Furthermore, in patients with schizo-

phrenia, both agitation,>'**

23,24

and severity of positive
symptoms, are positively correlated with serum CRP
levels.

Neuroendocrine dysfunction is one of the mechanisms
contributing to the pathogenesis of psychiatric illnesses.
Thyroid hormones are necessary for the normal develop-
ment and function of the brain.®®> Studies have suggested
that an increased rate of subclinical hypothyroidism in
patients with schizophrenia is associated with antipsycho-
tic medication and that subclinical hypothyroidism may be
associated with sexual dysfunction.?®?” Nevertheless,
there has been inconsistency between studies regarding
thyroid hormone changes in patients with schizophrenia.
For example, one report concluded that drug-naive patients
with schizophrenia had a higher free triiodothyronine
(FT3) level than healthy controls,”® while another investi-
gation described a higher free thyroxine (FT4) level in
patients with schizophrenia.?® Furthermore, to our knowl-
edge, the relationship between thyroid hormones and agi-
tation in schizophrenia remains unknown.

There is increasing evidence that oxidative stress may
be involved in the pathogenesis of schizophrenia.**>? Uric
acid (UA) is the end-product of purine catabolism and an

important antioxidant in the central nervous system.*® The
relationship between serum UA levels and schizophrenia
remains controversial. For example, one study found that
patients with schizophrenia had a lower UA level than
healthy controls,* whereas another study showed that
schizophrenia was associated with a higher UA level.>”
However, whether UA plays a role in the development of
agitation in patients with schizophrenia is unclear.

We hypothesized that some biochemical indices used
routinely in clinical practice might be biomarkers of agita-
tion in schizophrenia. Therefore, the aim of this compara-
tive cross-sectional study was to compare biochemical
indices between patients with schizophrenia and agitation,
patients with schizophrenia who do not have agitation and
healthy controls and to investigate whether any of these
biochemical indices have potential as blood-based biomar-
kers of agitation in patients with schizophrenia.

Patients and Methods
Study Design and Participants

This comparative cross-sectional study included patients
with schizophrenia who were hospitalized at Shandong
Mental Health China)
January 2020 and October 2020. The inclusion criteria

Center  (Jinan, between
were: (1) aged 18—60 years; (2) diagnosed with schizo-
phrenia according to the International Classification of
Disease-10 (ICD-10) criteria; and (3) First-episode of
schizophrenia or had not received any psychotropic med-
ication within four weeks before recruitment. The exclu-
sion criteria were: (1) alcohol and/or substance
dependence; (2) previously diagnosed with another psy-
chiatric disorder; (3) physical diseases including thyroid-
related diseases, kidney diseases, gout, major organic brain
diseases, diabetes, immune diseases or other serious med-
ical conditions; (4) infection in the previous four weeks or
currently taking anti-inflammatory drugs, glucocorticoids
or antibiotics; (5) pregnant or breastfeeding; and (6) had
undergone electroconvulsive therapy within the previous
four weeks.

In addition, a control group of gender-matched healthy
volunteers was recruited from staff members at Shandong
Mental Health Center. The exclusion criteria were: (1)
alcohol and/or substance dependence; (2) previously diag-
nosed with a psychiatric disorder; (3) physical diseases
including thyroid-related diseases, kidney diseases, gout,
major organic brain disease, diabetes, immune diseases or

other serious medical conditions; (4) infection in the
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previous four weeks or currently taking anti-inflammatory
drugs, glucocorticoids or antibiotics; (5) pregnant or
breastfeeding; and (6) family history of psychiatric
disorder.

This study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved
by the ethics committee of Shandong Mental Health
Center (2019-R43). All patients with schizophrenia and
healthy volunteers provided informed written consent for

inclusion in the study.

Assessment of Agitation

Agitation was evaluated using the Positive and Negative
Syndrome Scale-Excited Component questionnaire
(PANSS-EC). The PANSS-EC is a five-item scale that
includes the following items: excitement, hostility, ten-
sion, uncooperativeness and poor impulse control. Each
item is rated from 1 (absent) to 7 (extreme), hence the
PANSS-EC total score can range from 5 to 35.
A PANSS-EC total score >14 with one or more items
scoring >4 is considered to indicate the presence of
agitation symptoms. In this study, the patients with
schizophrenia were classified as having an absence of
agitation (PANSS-EC score <14) or the presence of
agitation (PANSS-EC score >14) based on the methods

used in previous studies.''*®

Biochemical Measurements

A 5-mL sample of fasting venous blood was collected
from each patient with schizophrenia between 7:00 am
and 7:30 am on the day after admission to hospital.
Blood samples from participants in the healthy control
group were also collected between 7:00 am and 7:30 am.
The blood samples were centrifuged at 3000g for 10
minutes at 4°C. CRP concentration was determined
using an enhanced immunoturbidimetric —method.
Peripheral levels of FT4, FT3 and TSH were measured
using an Architect i2000sr immunoassay analyzer
(Abbott Laboratories; Lake Bluff, IL, USA). Serum
levels of triglycerides (TG), cholesterol, high-density
lipoprotein-cholesterol, low-density lipoprotein-
cholesterol, fasting plasma glucose, creatinine and UA
were determined using a Cobas C702 automatic bio-
chemical analyzer (Roche, Basel, Switzerland). All sam-
ples were analyzed by the same analyst, who was blind to

the sample sources.

Statistical Analysis

All data were analyzed using SPSS 24.0 software (IBM,
Armonk, NY, USA). Continuous data were tested for normal-
ity with the Kolmogorov—Smirnov test. Normally-distributed
continuous data are expressed as mean + standard deviation
(SD), non-normally-distributed continuous data are expressed
as median (interquartile range), and categorical data are
expressed as n (%). Group differences in categorical variables
were examined using 5 analyses. Some data were not nor-
mally distributed. Thus, differences between groups were
calculated by non-parametric Kruskal-Wallis H-tests and
Mann—Whitney U-tests. The Bonferroni correction method
was used for multiple comparisons. Normally-distributed
data were compared between groups using one-way
ANOVA and the LSD post-hoc test. In addition, creatinine
and UA levels were compared among groups after controlling
for the potentially confounding effects of variables that sig-
nificantly differed among groups in univariate analyses using
ANCOVA test. Univariate and multivariate forward logistic
regression analyses were used to identify factors associated
with agitation. Factors returning P < 0.01 in the univariate
analysis were entered into the multivariate analysis. Odds
ratios (ORs) and 95% confidence intervals (95% ClIs) were
calculated. Receiver operating characteristic (ROC) analysis
was used to show the use of CRP, FT3, TSH and Creatinine in
differentiating between schizophrenia with and without agita-
tion. All statistical tests were two-tailed, and P < 0.05 was
considered significant.

Results

Demographic and Clinical Characteristics
The final analysis included 71 patients with schizophrenia
and agitation, 83 patients with schizophrenia who did not
have agitation, and 75 healthy control subjects. The demo-
graphic and clinical characteristics of the patients and
healthy controls are presented in Table 1. Patients with
schizophrenia and agitation were significantly younger
than patients without agitation (P = 0.015) or healthy
controls (P < 0.001). The healthy control group had
a significantly higher proportion of married subjects than
the schizophrenia with agitation group (P < 0.001) or the
schizophrenia without agitation group (P < 0.001). The
proportion of people employed was also significantly
higher in the healthy control group than in the schizophre-
nia with agitation group (P < 0.001) or schizophrenia
without agitation group (P < 0.001). Among the patients
with schizophrenia, there were no significant differences in
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Table | Demographic and Clinical Characteristics of the Study Participants

Characteristic Healthy Schizophrenia Schizophrenia P SCZ with sCzZ SCZ with
Controls without with Agitation Agitation- | without Agitation- SCZ
(n=175) Agitation (n=171) HCs Agitation- without Agitation
(n=83) HCs
Bonferroni | Bonferroni | Bonferroni

Demographic Data
Gender 0.746

Male 35 (46.7%) | 37 (44.6%) 36 (50.7%)

Female 40 (53.3%) | 46 (55.4%) 35 (49.3%)
Age (years) 35 (30-46) | 34 (29-47) 30 (22-39)* © <0.001 | <0.001 0814 0.015
Married 69 (92.0%) | 30 (36.1%)* 29 (40.8%)* <0.001
Employed 75 (100%) 48 (57.8%)* 45 (63.4%)* <0.001
Education (years) 12 (9-12) 12 (9-12) 0.568
Smoking status 0.878

Smokers 19 (22.9%) 17 (23.9%)

Non-smokers 64 (77.1%) 54 (76.1%)
Body mass index (kg/m2) 23.3+3.5 23.9+4.3 0.298
Clinical Data
lliness duration (years) 7 (2-17) 6 (2-9) 0.122
First episode 18 (21.7%) 19 (26.8%) 0.463
Age at onset (years) 25 (20-31) 21 (18-29) 0.114
Family history of psychiatric disorder 21 (25.3%) 21 (29.6%) 0.553
Agitation Rating
PANSS-EC score 11 (9-12) 21 (19-24)° <0.001

Notes: Data are presented as n (%) or median (interquartile range) or mean # standard deviation. *P < 0.05 vs healthy controls; °P < 0.05 vs patients without agitation.
Abbreviations: SCZ with agitation, schizophrenia with agitation; SCZ without agitation, schizophrenia without agitation; HCs, healthy controls; PANSS-EC, Positive and

Negative Syndrome Scale-Excited Component scale.

education level, smoking status, body mass index, duration
of illness, age at onset, proportion with first-episode schi-
zophrenia or family history of psychiatric disorder
between those with agitation and those without agitation.
The PANSS-EC score was significantly higher in patients
with schizophrenia and agitation than in patients without
agitation (P < 0.001).

Comeparison of Biochemical Indices

Between the Three Groups of Patients

The biochemical indices are compared between groups in
Table 2. Serum FT3 level was significantly lower in
patients without agitation than in patients with agitation
(P < 0.001) or healthy controls (P < 0.001), but there was
no significant difference between the latter two groups.
Serum FT4 level was significantly higher in patients with
agitation than in patients without agitation (P = 0.002) or
healthy controls (P = 0.011). Furthermore, serum TSH

level was significantly lower in patients with agitation
than in patients without agitation (P = 0.022).

Creatinine level was significantly higher in patients
without agitation than in patients with agitation (P <
0.001) or healthy controls (P < 0.001), but there was no
significant difference between the latter two groups. Serum
HDL-C level was significantly lower in patients without
agitation (P = 0.002) and patients with agitation (P <
0.001) than in healthy control subjects, but the levels
were comparable between the two groups of patients
with schizophrenia. Serum creatinine level was signifi-
cantly higher in patients without agitation than that in
patients with agitation (p < 0.001) or healthy controls (p
< 0.001). Serum UA level was significantly elevated in
patients with agitation as compared to patients without
agitation (P = 0.001) or healthy controls (P < 0.001),
and there was no significant difference between the latter
two groups. Serum CRP level was also significantly higher
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Table 2 Comparison of Serum Biochemical Indices Between the Three Groups

Parameter Healthy Controls Schizophrenia Schizophrenia P SCZ with SCZ SCZ with

(n=175) without Agitation with Agitation (n = Agitation- without Agitation- SCZ
(n =83) 71) HCs Agitation- without
HCs Agitation
Bonferroni | Bonferroni | Bonferroni

CRP (mg/L) 0.58 (0.18-1.41) 0.87 (0.33-20.60) 1.73 (0.54-4.30)> © <0.001 | <0.001I 0.114 0.038

FT4 (ng/dL) 0.99 (0.90-1.06) 0.96 (0.81-1.16) 1.06 (0.94-1.22)*® 0.001 0.011 | 0.002

FT3 (pg/mL) 297 £ 035 2.62 + 0.48° 2.95 + 0.40° <0.001 | - - -

TSH (plU/mL) 2.17 (1.65-2.67) 2.54 (1.67-4.20) 2.02 (1.39-2.66)° 0.035 0.852 0.323 0.022

TG (mmol/L) 1.15 (0.82-1.70) 1.30 (0.74-2.07) 1.15 (0.80-1.43) 0.357

CHO (mmol/L) 4.54 + 0.88 4.40 £ 091 442 + 0.98 0.635

HDL-C (mmol/L) 1.35 +0.26 1.23 + 0.25% 1.20 + 0.24° 0.001

LDL-C (mmol/L) 2,61 +0.64 2,63 £0.76 2.56 + 0.62 0.834 - - -

FPG (mmol/L) 4.89 (4.63-5.27) 4.60 (4.40—4.90)* 4.60 (4.30-5.00)* <0.001 | <0.001 0.001 |

Creatinine (umol/L) 70.49 £ 14.03 832+ 17.14° 73.65 + 16.85° <0.001

UA (umol/L) 306.04 + 80.18 327.34 £ 100.76 378.10 + 96.16™ ® <0.001

Notes: Data are presented as median (interquartile range) or mean # standard deviation. *P < 0.05 vs healthy controls; ®P < 0.05 vs patients without agitation.
Abbreviations: CHO, total cholesterol; CRP, C-reactive protein; FPG, fasting plasma glucose; FT3, free triiodothyronine; FT4, free thyroxine; HDL-C, high-density

lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglycerides; TSH, thyroid-stimulating hormone; UA, uric acid; SCZ with agitation, schizophrenia
with agitation; SCZ without agitation, schizophrenia without agitation; HCs, healthy controls.

in patients with agitation than in patients without agitation
(P = 0.038) or healthy controls (P < 0.001).

Analysis of covariance showed that serum creatinine
and UA level differences among the three groups remained
statistically significant after adjusting for age, marriage
and employee status (F= 11.467, P < 0.001; F=7.072,
P = 0.001, respectively). Further pairwise comparisons
indicated that schizophrenia without agitation had higher
serum creatinine levels than schizophrenia with agitation
(P =0.001) and healthy controls (P < 0.001), respectively.
Further pairwise comparisons indicated that schizophrenia
with agitation had higher serum UA levels than schizo-
phrenia without agitation (P = 0.011) and healthy controls
(P = 0.003), respectively.

Factors Associated with Agitation in

Schizophrenia

The results of the binary logistic regression analyses are
detailed in Table 3. Univariate analysis indicated that age,
CRP level, FT4 level, FT3 level, TSH level, creatinine level,
TG level and UA level were associated with agitation in
patients with schizophrenia (Table 3). Multivariate regres-
sion analysis revealed that increased levels of CRP
(OR = 1.470, 95% CI = 1.180-1.832, P = 0.001) and FT3
(OR = 13.026, 95% CI = 4.226-40.143, P < 0.001) and
decreased levels of TSH (OR = 0.758, 95% CI =
0.588-0.977, P = 0.033) and creatinine (OR = 0.965, 95%

CI=0.941-0.988, P = 0.004) were independently associated
with agitation in patients with schizophrenia.

Receiver Operating Characteristics
(ROC) for CRP, FT3, TSH and Creatinine
for the Diagnosis of Schizophrenia with
Agitation

The ROC analysis revealed that the cut-off value of CRP
to predict schizophrenia with agitation was 3.470 mg/L
with an area under the curve (AUC) of 0.626 (95% CI:
0.536-0.716) and with a sensitivity of 32% and
a specificity of 90%, the cut-off value of FT3 to predict
schizophrenia with agitation was 2.785 pg/mL with the
AUC of 0.728 (95% CI: 0.647-0.808) and with
a sensitivity of 75% and a specificity of 68%, the cut-off
value of TSH to predict schizophrenia with agitation was
2.720 pIU/mL with the AUC of 0.620 (95% CI: 0.532—
0.708) and with a sensitivity of 79% and a specificity of
43%, and the cut-off value of creatinine to predict schizo-
phrenia with agitation was 75.758 umol/L with the AUC
of 0.663 (95% CI: 0.576-0.749) and with a sensitivity of
58% and a specificity of 71% (Figure 1).

Discussion

The main objective of the present study was to evaluate
whether biochemical parameters might be associated with
agitation in schizophrenia. A notable finding was that
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Table 3 Logistic Regression Analysis of Factors Associated with Agitation in Patients with Schizophrenia
Univariate Logistic Regression Multivariate Logistic Regression
OR 95% CI P OR 95% CI P
Age 0.961 0.933-0.990 0.009
Smoking status 1.060 0.502-2.240 0.878
Body mass index 1.046 0.963-1.135 0.288
C-reactive protein 1.298 1.104-1.527 0.002 1.470 1.180-1.832 0.001
Free thyroxine 8.066 1.652-39.384 0.010
Free triiodothyronine 6.172 2.573-14.802 <0.001 13.026 4.226-40.143 <0.001
Thyroid-stimulating hormone 0.733 0.586-0.917 0.007 0.758 0.588-0.977 0.033
Triglycerides 0.590 0.386-0.902 0.015
Creatinine 0.967 0.948-0.987 0.001 0.965 0.941-0.988 0.004
Uric acid 1.005 1.002-1.009 0.003

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.

patients with schizophrenia and agitation had higher serum
levels of CRP, FT3, FT4 and UA as well as lower serum
levels of TSH and creatinine than patients without agita-
tion. Furthermore, logistic regression analysis and ROC
analysis revealed that agitation in schizophrenia was asso-
ciated with higher serum levels of CRP and FT3 and lower
serum levels of TSH and creatinine. To the best of our
knowledge, this is the first study to investigate differences
in thyroid hormones, UA and creatinine between inpatients
with schizophrenia who have agitation and those without
agitation. We anticipate that our findings will facilitate
future research efforts to develop a panel of biomarkers
that could be used to screen patients with schizophrenia
and identify those at high risk of developing agitation.
The evidence of biomarkers associated with agitation
has been found in previous studies. One previous review

reported agitation/aggression was the most consistent neu-
ropsychiatric symptom related to core CSF biomarkers
(amyloid/tau) in Alzheimer’s disease (AD).>” Another sys-
tematic review showed six classes of biomarkers asso-
ciated with agitation in AD, including neuropathological,
neurotransmitter, neuroimaging, apolipoprotein E (APOE)
genotype, inflammatory, and clusterin.*® In the study of
Mirko and Vassilios, they reported genetic and epigenetic
markers had predictive role in aggression of severe mental
illness (including schizophrenia, bipolar disorder, autism
spectrum disorder, and attention-deficit/hyperactivity dis-
order), meanwhile they reported plausible connections
between gut microbiota and aggressiveness in autism spec-
trum disorder.®® A meta-analysis including 26 studies
showed CRP concentrations in schizophrenia were signifi-
cantly higher than controls and CRP also appeared to be

ROC curve
100 =
—J_/ﬁ—’“ —— CRPAUCO0.63

80— ;.JQJ — FT3 AUC0.73
§ TSH AUC 0.62
-‘E 60 ]"Jr Creatinine AUC 0.66
=
2 404
]
(/7] o

20/

0 i 1 1 1

0 20 40 60

100
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Figure | Receiver operating characteristic (ROC) curves for the diagnostic ability of CRP, FT3, TSH and Creatinine (Schizophrenia with agitation vs Schizophrenia without
agitation). ROC curves for CRP, FT3, TSH and Creatinine values for the diagnosis of Schizophrenia with agitation. CRP: AUC 0.626 (95% CI=0.536 to 0.716), P =0.007; FT3:
AUC 0.728 (95% CI=0.647 to 0.808), P <0.001; TSH: AUC 0.620 (95% CI=0.532 to 0.708), P =0.01 I; Creatinine: AUC 0.663 (95% CI=0.576 to 0.749), P =0.001.

Abbreviation: AUC, area under the ROC curve.
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positively associated with severity of positive symptoms.**
To date, few studies have reported the effects of thyroid
hormones, UA and creatinine on agitation in hospitalized
patients with schizophrenia.

Our comparative cross-sectional study showed that
patients with schizophrenia and agitation had a higher
serum CRP concentration than patients without agitation,
which is consistent with two previous reports."*® Most
studies have concluded that the CRP level is higher in
with healthy
controls.?******! However, we found that patients with schi-

patients schizophrenia  than  in
zophrenia and agitation had a higher CRP level than healthy
controls, whereas no significant difference was observed
between patients without agitation and healthy controls.
One possible explanation for this apparent discrepancy is
that the patients with schizophrenia enrolled in previous
studies included both those with agitation and those without
agitation, whereas we analyzed them as two separate groups.
Patients with schizophrenia who have agitation are in an
acute phase in which inflammatory processes have more
potential to be activated. Our logistic regression analysis
found that CRP was a risk factor for agitation in schizophre-
nia. Prior investigations have shown that the CRP level is
positively correlated with the severity of positive symptoms
in schizophrenia.>**' Moreover, other studies of patients
with schizophrenia have reported that the CRP level is posi-
tively correlated with the verbal aggression score of the
Modified Overt Aggression Scale (MOAS),** and with
aggressive behavior evaluated by the PANSS-EC.?' CRP is
also positively associated with agitation or hostility in
patients with other psychiatric disorders.**** A recent meta-
analysis reported a significant relationship between elevated
CRP levels and cognitive impairment in schizophrenia.*’
Based on the available data, it is plausible that inflammation
is involved in the pathogenesis of schizophrenia and that the
serum CRP level might be a candidate biological marker of
agitation in patients with schizophrenia. Moreover, A recent
study examined C-reactive protein to albumin ratio (CAR),
which is considered more sensitive in representing inflam-
matory status, in both clinically exacerbated and remitted
schizophrenia patients.*® Hence, a study is needed to further
explore the relationship between CAR and agitation in first-
episode and drug-naive schizophrenia.

We also found that patients with schizophrenia had
higher FT3 and FT4 levels and a lower TSH level than
those without agitation. By contrast, an animal study
reported no differences in the serum levels of FT3, FT4
and TSH between aggressive dogs and non-aggressive

dogs,”” while patients with high aggression levels 28
days after alcohol withdrawal had lower serum levels of
FT3 and FT4.*® Some studies have described thyroid dys-
with
disorders.*>>* Moreover, there is evidence that patients

function in patients schizophrenia spectrum
with first-episode schizophrenia have higher FT3 and
FT4 levels than healthy controls,’'>* as well as higher
FT3 and FT4 levels and a lower TSH level than patients
with recurrence of schizophrenia.’> However, some inves-
tigators have reported that patients with schizophrenia
using antipsychotic medications had a lower FT4 level

26:53 and that a lower FT4 level was

than healthy controls,
associated with the use of antipsychotics in regression
analyses.® Notably, our study detected a significantly
higher FT4 level and a significantly lower TSH level
only in patients with schizophrenia and agitation and not
in those without agitation. Numerous factors might con-
tribute to the differing results between these various stu-
cohort

characteristics (including ethnicity), disease phase and/or

dies, including differences in sample sizes,
antipsychotic medication use. Notably, our logistic regres-
sion analysis identified increased FT3 level and decreased
TSH level as risk factors for agitation in schizophrenia.
Published data are limited regarding the relationships
between thyroid hormones and agitation in schizophrenia.
One previous study of patients with schizophrenia sug-
gested a positive correlation between the serum FT4
level and the severity of psychiatric symptomatology as
assessed by the Brief Psychiatric Rating Scale. However,
the results of studies evaluating patients with other psy-
chiatric diseases are in line with our data: one investiga-
tion described a positive association between FT3 level
and restless-impulsive ratings in patients with childhood
conduct disorder,”* while another reported agitation as an
explanatory variable for the reduction in TSH seen in
patients with depression.>® There is evidence that thyroid
hormones regulate the levels of dopamine receptors,’®>’
hence thyroid dysfunction could potentially play a role in
the pathogenesis of schizophrenia. Further research is
merited to establish whether serum levels of FT3 and
TSH might be candidate biomarkers for agitation in
patients with schizophrenia.

Another observation made in this study was that serum
UA was significantly higher in patients with schizophrenia
and agitation than in patients without agitation. There has
been debate regarding the relationship between serum UA
level and schizophrenia. Some studies have described higher
serum levels of UA in patients with schizophrenia than in
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healthy controls,*>~*

whereas a meta-analysis reported
lower UA levels in subjects with first-episode psychosis.>
In the present study, only patients with schizophrenia and
agitation had higher UA levels than healthy controls. We
speculate that the inconsistencies between studies may be
due in part to differences in the disease phase and sample
sizes. However, our logistic regression analysis did not
identify serum UA as a factor associated with agitation in
schizophrenia, whereas a decrease in the level of serum
creatinine was found to be a risk factor. Previous investiga-
tions have reported that patients with schizophrenia exhibit
reductions in urinary creatinine concentration and peripheral
blood mononuclear cells when compared with healthy
controls.®”®! However, our study found that the serum crea-
tinine level was significantly lower in healthy controls and
patients with schizophrenia and agitation than in patients
without agitation. Possible reasons for the apparent discre-
pancy include the different sample types used for creatinine
analysis and differing cohort sizes. Moreover, our results can
be explained from the perspective of energy utilization.
Patients with schizophrenia and agitation tend to consume
more energy. Creatinine is directly associated with energy
metabolism.®® The tricarboxylic acid cycle produces ATP,
which can be used to convert creatine to phosphocreatine as
a rapidly mobilizable reserve of energy.”> A lower serum
creatinine level in patients with agitation implies increased
energy production and energy conversion. Hence, serum
creatinine might be a candidate biological marker of agita-
tion in patients with schizophrenia. Nevertheless, further
research will be required to clarify whether there is
a relationship between serum creatinine level and agitation
in schizophrenia.

We constructed ROC curves to determine optimum
cut-off levels of CRP, FT3, TSH and creatinine for the
diagnosis schizophrenia with agitation. The cut-off value
of CRP, FT3, FT4 and creatinine found in our study were
3.470, 2.785, 2.720 and 75.758, respectively. To date, few
studies have reported cut-off levels of CRP, FT3, TSH and
creatinine. Despite there still existing copious room for
research to appreciate its diagnostic use, our finding sug-
gests that CRP, FT3, TSH and creatinine may be used to
support the diagnosis of schizophrenia with agitation.

Several limitations of the present study should be men-
tioned. First, the number of individuals in our study was
relatively small, and we did not consider the clinical subtype
of schizophrenia (including paranoid, catatonic, hebephrenic,
undifferentiated and residual types) as a possible confounding
factor. Thus, our results will need to be verified by a large-

scale study that better addresses possible confounding factors.
Second, the cross-sectional design precluded dynamic mea-
surements of biochemical indices and agitation scores over
time. A prospective and longitudinal study will be needed to
demonstrate a direct causal relationship between CRP, thyroid
hormones, creatinine and agitation in schizophrenia. Third,
patients with agitation are more likely to have an irregular
diet, which may have influenced the routine biochemical
indices measured in our study. Fourth, prior investigations
have indicated that the hypothalamic—pituitary—adrenal axis
and sex hormones may be involved in agitation. However, we
did not measure the levels of corticotrophin releasing hor-
mone, adrenocorticotrophic hormone, cortisol or sex hor-
mones in this study. Further research is merited to measure
these related hormones and explore their roles in the agitation
of schizophrenia. Fifth, although the PANSS-EC is widely
used for the assessment of agitation, alternative questionnaires
are available such as the MOAS.® Therefore, our results will
need to be verified in a further study using MOAS to assess
agitation in schizophrenia.

Conclusion

Increased levels of serum CRP and FT3 and decreased
levels of serum TSH and creatinine may be risk factors
for agitation in schizophrenia. Our results indicate that
inflammation, thyroid hormones and kidney function
might be biological markers for agitation in schizophrenia
and potentially involved in its pathogenesis.
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