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Introduction: Schizophrenia, bipolar disorder (BD), and major depressive disorder are
three common mental disorders. Although their diagnosis and treatment differ, they partially
overlap.

Methods: To explore the similarities and characteristics of these three psychiatric diseases,
an intelligence quotient (IQ) assessment was performed to evaluate cognitive deficits.
Relative catechol-O-methyltransferase (COMT) expression in peripheral blood mononuclear
cells was examined in all three groups compared with healthy controls (HCs).

Results: The results indicated that patients with any of the three psychiatric diseases
presented 1Q deficits, and that the first-episode schizophrenia (FES) group had even lower
cognitive function than the other two groups. The relative COMT expression decreased in the
FES group and increased in the BD group compared with the HC group. The correlation
analysis of COMT expression level and 1Q scores showed a positive correlation between
relative COMT expression and full-scale 1Q in the HC group. However, this correlation
disappeared in all three psychiatric diseases studied.

Conclusion: In conclusion, this cross-disease strategy provided important clues to explain
lower 1Q scores and dysregulated COMT expression among three common mental illnesses.
Keywords: first-episode schizophrenia, FES, bipolar disorder, BD, first-episode major
depressive disorder, MDD, catechol-O-methyltransferase, COMT, intelligence quotient, IQ

Introduction

Schizophrenia (SCZ), bipolar disorder (BD), and major depressive disorder (MDD)
are three types of common mental diseases, which severely affect psychological,
biological, and social functioning. Although their diagnosis and treatment are
different, there is some overlap in symptoms and treatment.' Although symptoms
are complex and heterogeneous, cognitive impairment is prevalent in SCZ, BD, and
MDD.* Cognitive deficit is regarded as a core symptom of SCZ and BD.>*°
Cognitive impairment is also one of the most common symptoms of MDD, and
approximately 90% of patients with MDD complained about cognitive issues.® The
intelligence quotient (IQ) score refers to the intelligence level, which can rate the
subjects’ cognitive ability, is an important indicator of cognitive assessment.”
Numerous studies have shown that the aforementioned mental diseases can lead
to an impaired 1Q.'®'? Although higher childhood IQ may predict increased risk of
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adult mania,"® IQ impairments in childhood and adoles-
cence are often observed in individuals who later develop
SCZ, BD, and MDD.'*

Mental disorders are multifactorial diseases influenced
by both genetic and environmental factors.'>"'” All three
common mental disorders have a high heritability,'® °
which means that genes play a crucial role in the pathophy-
siology of these psychiatric diseases. Furthermore, disease-
related susceptible genes/loci provide some clues for diag-
nosis and treatment.>' >* The catechol-O-methyltransferase
(COMT) gene has been widely investigated because of its
high correlation with the risk of common psychiatric dis-
eases, especially SCZ.2*2® COMT is located on chromo-
some 22q11.226 and its single nucleotide polymorphisms
(SNPs) are regarded as promising candidates for under-
standing the genetic basis of many common psychiatric
disorders, especially rs4680, which can affect COMT
activity.”> COMT transfers a methyl group from S-adeno-
sylmethionine to catecholamines to degrade dopamine, epi-
nephrine, and norepinephrine.”® Therefore, abnormal
COMT expression or activity may cause dopaminergic dys-
function, which may, in turn, lead to common mental disease
symptoms such as impaired cognition.”” ' A large number
of studies focused on the relationship between the COMT
gene and cognitive function in SCZ, BD, and MDD,***°
while others have indicated that the relative risk of SCZ is 20
to 25 times higher in patients with 22q11.2 deletion syn-
drome (one COMT copy is deleted) than in the general
population.*® Patients with a 22q11.2 deletion syndrome
SCZ form also showed a lower 1Q.*” In studies on BD,
however, there are contradictory findings on the correlation
between COMT and cognitive function.*® This inconsis-
tency may be due to the fact that some studies did consider
factors that may influence the cognitive performance of BD
patients, such as disease stage or medical treatment at the
time of assessment.**** Antypa et al proposed a tentative
pathway whereby the COMT gene may influence cognitive
vulnerability to depression.*' In healthy research partici-
pants, the COMT genotype could help predict a small pro-
portion of the variance in baseline cognition and
neurophysiology,*> but the association is modest and
inconsistent.*> Therefore, it is very important to explore
the correlation between COMT expression and 1Q defects
with cross-disease strategies among different mental
illnesses.

Studies have suggested that both relative COMT
expression and IQ assessment could dynamically change
according to the state of the episode and pharmacologic

treatment.>3?4%44-46 T exclude the possible influence of
pharmacologic treatment, the patients with SCZ and MDD
included in this study were all drug-naive first-episode
subjects, and patients with BD did not take any medication
3 months before enrollment. In this cross-disease study,
the combination of relative COMT expression and IQ
assessment was considered to be a powerful approach to
identify the potential path between the expression of risk
genes and phenotype. We hypothesized that COMT expres-
sion was different in patients with mental disorders, and
that the correlation between COMT expression and IQ
scores may not be consistent.

Methods
Demographic Characteristics and

General Cognitive Function Assessment
This study recruited 150 patients with FES (in acute or
post-acute phase), 182 patients with BD (in depressive
and manic as well as mixed phase), and 183 first-episode
patients with MDD (in acute or post-acute phase) from
the Mental Health Center of West China Hospital of
Sichuan University. All patients were interviewed using
the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, fourth edition
(DSM-1V) Patient edition (SCID-P). Both patients with
FES and MDD were drug-naive, and patients with BD
were not medicated in the 3 months prior to enrollment.
All subjects were followed up for at least 6 months to
further confirm the initial diagnosis. We also recruited
261 healthy controls (HCs) by poster advertisements
within the local community in Chengdu, Sichuan
Province, China. The HCs were interviewed using the
SCID-NP. All subjects were recruited over the period
from 2012-2016. IQ was tested using the short version
of the Chinese Revised Wechsler Adult Intelligence Scale
(WAIS-RC) according to the WAIS-RC manual.*’ The IQ
assessment included seven subtests: information, digital
span, digital symbol, picture completion, block design,
similarities, and arithmetic. Verbal 1Q, performance IQ,
and full-scale IQ were calculated referring to the
weighted formulas previously described.*”*® This study
was conducted in accordance with the Declaration of
Helsinki. Approval for this study was granted by the
Ethics Committee of the West China Hospital of
Sichuan University. All participants signed an informed
consent form, and patient’s demographic characteristics
are shown in Table 1.
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0.522
0.408

0.627

0.607
>0.999

FES vs MDD | MDD vs BD

0.003**

0.008**

0.270
0.024*
0.025*
0.015*

FES vs BD

0.016*

0.017*

0.032%*
0.002%*

0.040*
0.002#*

0.020*
0.169
0.070
0.075

0.010*

0.062

BD vs HC | MDD vs HC

0.115

0.014*
0.00**

0.119
<0.00 | #¥*

0.022*

FES vs HC

0.291
<0.00 |##*

0.542
<0.00 | #**
<0.00 |##*
<0.00 |##+*

P value
0.293

0.009**

<0.00 |##+*

0.010*
<0.00 | #**
<0.00 |##+*
<0.00 |##+*

F )(2
3.724

11.486
21.772

11.432
21.339
32.359

14.027

MDD
25
8 (32.0)

17 (68.0)
30.1£10.9

14.1+2.7

21.8+3.1
110.0£12.7
102.7+14.0
107.4+12.5

BD
47
24 (51.1)

23 (48.9)
26.747.9

13.743.5
22.643.1

112.1£11.6
100.8+16.4

107.9+13.5

FES
32

18 (56.2)

14 (43.8)

22.8+6.4

11.8+3.4
21.043.1

101.1£15.1
91.8+17.7
96.5+15.5

HC
53

27 (50.9)

26 (49.1)

242467

15.4+2.8

20.743.5
115.9+£12.4
112.4+12.7
115.8+11.8

Gender, (n)
Male (%)

Table 2 Demographic Data and IQ Scores of Subjects with COMT Expression Analysis in HC, FES, BD, and MDD Groups

Female (%)
Age (years)

Education years

BMI

Verbal IQ

Performance 1Q
Full-scale IQ

Notes: Data were presented as mean+SD (standard Deviation); the difference of gender was analyzed by the )52 test among four groups; the data distribution of age, education years, and BMI deviated from normality; the Kruskal-WVallis

ANOVA test was used to compare their differences among groups followed by post hoc Bonferroni correction for multiple comparisons; *indicate P<0.05; **indicate P<0.01; ***indicate P<0.001.

Abbreviations: HC, healthy controls; FES, first-episode schizophrenia; BD, bipolar disorder; MDD, first-episode major depressive disorder; BMI, body mass index; 1Q, intelligence quotient.

assumed, but equal variance was not. When the data
distribution deviated from normality, the Kruskal—
Wallis ANOVA test was used to compare differences
among groups followed by post hoc Bonferroni correc-
tion for multiple comparisons. The statistical methods
for each statistical result are detailed in Supplementary
Tables 1 and 2. Correlation between IQ and relative
COMT expression in each group was examined by a
partial correlation analysis with age, education years,
and BMI as covariates.

Results

Demographic Characteristics

The demographic data of all subjects are shown in
Table 1. A total of 776 subjects participated in this
study, including 261 HC (97M/164F), 150 FES (72M/
78F), 182 BD (75M/107F), and 183 MDD (64M/119F).
There was no significant difference in gender among
groups (x°=6.899, p=0.075). However, age (x°=30.077,
p<0.001), education years (x°=88.082, p<0.001), and
BMI (y°=14.403, p=0.002) were significantly different
among groups. Patients with FES had the lowest average
age at onset and education years, which was significantly
lower than that of the HC group (age: p<0.001; education
years: p<0.001) and patients with BD (age: p<0.001;
education years: p<0.001) or MDD (age: p=0.028; educa-
tion years: p<0.001). With respect to BMI, patients with
BD had a significantly higher BMI than HC (p=0.005)
and FES (p<0.001).

Lower IQ Scores of Patients with

Psychiatric Disease

As shown in Table 1, there were significant differences
in verbal 1Q score (y*=91.171, p<0.001), performance
I1Q score (){2:118.992, p<0.001), and full-scale 1Q
score (F3, 772)=49.477, p<0.001) among the four
groups. Compared with the HC group, all psychiatric
groups showed lower verbal 1Q, performance 1Q, and
full-scale 1Q. Among psychiatric groups, all 1Q scores
of the FES group were significantly lower than those of
the BD group (verbal IQ score: p<0.001, performance
IQ score: p<0.001, and full-scale I1Q score: p<0.001)
and MDD group (verbal IQ score: p<0.001, perfor-
mance IQ score: p<0.001, and full-scale 1Q score:
p<0.001). However, no difference in any IQ scores
was found between the BD and MDD groups.
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Dysregulated COMT Expression in
Patients with Psychiatric Disease

Consistent with the overall demographic data, the subjects
with analyzed COMT expression well represented the
subjects (Table 2).
Meanwhile, the 1Q score distribution in the subgroup

demographic distribution of all

with analyzed COMT expression was also very similar to
the overall results of all subjects (Table 2). There were
significant differences in relative COMT expression among
all groups (F3, 153y=40.120, p<0.001). Compared with the
HC group, there was a significantly lower COMT expres-
sion in the FES group (p<0.001) while COMT expression
was upregulated in the BD group (p=0.001), and no dif-
ference was observed in the MDD group (p=0.248)
(Figure 1A). The partial correlation analysis results of 1Q
scores and relative COMT expression in all groups are
listed in Table 3. As shown in Figure 1B, the full-scale
IQ score was positively correlated with relative COMT
expression in the HC group (r=0.301, p=0.040).

Discussion

There is certain overlap in symptoms and treatment among
the three common mental diseases examined here: SCZ,
BD, and MDD. 1t is therefore of great significance for the

* k%

A * %%

Relative COMT expression

HC

FES BD MDD

objective diagnosis and precise treatment of these mental
diseases to explore their similarities and characteristics. In
this study, we identified consistent 1Q impairment and
different COMT expression in PBMCs among patients
with FES, BD, and MDD, suggesting that a cross-disease
strategy could provide important clues for the phenotypic
and mechanistic characterization of mental diseases.

As an effective indicator of state assessment, IQ scores
were used to evaluate the cognitive function of patients
with different psychiatric diseases.” ' In this study, we
found that the IQ scores of all three groups of patients with
psychiatric diseases were significantly decreased, espe-
cially in the FES group, consistent with the severe cogni-
tive impairment of FES patients observed in clinical
practice.*”>® Worse cognitive impairment and earlier age

at onset” >3

are possible explanations for the younger age
and fewer education years of FES patients in this study.
Interestingly, the relative COMT expression in FES and
BD groups presented an opposite trend compared with the HC
group, that is, COMT expression significantly decreased in the
FES group and increased in the BP group. According to
previous studies, COMT is a risk gene for SCZ, BD, and
MDD, and its risk effects are not consistent in different mental

illnesses.>*>> The inconsistent relative COMT expression in

B s r=0.301, p=0.040
o
— L ]
2 105 % *% %%
o e o o
P @
o @
70 == HC
0
00 04 08 12 16

Relative COMT expression

Figure | Full-scale 1Q score positively correlated with relative COMT expression in the HC group. (A) Relative COMT expression among different groups of patients and
controls. (B) Correlation analysis of COMT expression and full-scale IQ score in the HC group. Gene expression data normalized by GAPDH expression. Data are presented

as mean+SEM. Asterisks indicate P<0.001.
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Table 3 The Correlation of Verbal IQ, Performance 1Q, Full Scale IQ with Relative COMT Expression in All Groups

IQ HC FES BD MDD

r p r p r p r p
Verbal 1Q 0.285 0.052 —0.129 0.539 0.031 0.843 —0.164 0.466
Performance 1Q 0.199 0.179 0.078 0.711 —0.080 0.605 —0.066 0.769
Full scale 1Q 0.301 0.040%* —0.035 0.867 —-0.027 0.861 —0.124 0.582

Notes: Data were analyzed by Partial correlation analysis after adjusting for age, education years and BMI; *indicate P<0.05.
Abbreviations: HC, healthy controls; FES, first-episode schizophrenia; BD, bipolar disorder; MDD, first-episode major depressive disorder; 1Q, intelligence quotient.

PBMCs among patients with SCZ and BD in this study might

be due to genetic 1’isk,56 the disease course,57’5 8

or the sample
size, which may also be another important factor.**>* COMT
is known to play an important role in the biological process of
dopamine degradation through methy] transfer.”® The relation-
ship between dopamine levels and cognitive function presents
an inverted U-shaped pattern,” thus implying the existence of
an optimal dopamine level, and those with lower and higher
predicted dopamine levels perform worse,*® which has funda-
mental implications for the effects of dopaminergic treatment
on cognition,”' and also suggests that the expression level of
COMT has meaningful implications for cognitive impairment
and its potential biological mechanisms. To explore this sig-
nificance, a correlation analysis of COMT expression level and
1Q score was performed. The results showed that there was a
positive correlation between relative COMT expression and
full-scale IQ only in the HC group. This correlation disap-
peared in all groups with psychiatric diseases. As mentioned
above, the U-shaped pattern between dopamine concentration
and cognitive function®” might mean that abnormal COMT
expression may lead to its negative correlation with lower IQ
in the three groups with psychiatric diseases.

Some limitations of the current study should be men-
tioned. The present observations await replication with a
larger sample size in future studies, and more cognitive
domains such as executive functions and working memory
should be considered. Although PBMCs are more acces-
sible, considering the tissue/cell specificity of COMT
expression, research based on postmortem samples and/or
specific neurons differentiated from induced pluripotent
stem cells (iPSCs) will provide a more deliberate oppor-
tunity to explore the biological mechanism. Even though
all patients in the FES and MDD groups were drug-naive
first-episode, the patients with BD may have taken some
medications that affect COMT expression or cognitive
responses during previous episodes of mania or depres-
sion, such as dopamine agonists.®® Considering that such
treatment can change the relative COMT expression,”” it is

difficult to rule out whether the abnormal COMT expres-
sion observed in the BD group corresponded to discase-
innate abnormalities or was a side-effect of drug treatment.
As a cross-sectional study, this study did not examine the
effects of drug treatments on relative COMT expression.
Therefore, subsequent longitudinal studies might provide
evidence to support relative COMT expression as a biolo-
gical marker for psychiatric diseases.
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