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A B S T R A C T   

The hematopoietically-expressed homeobox gene (HHEX) played a critical role in regulating the immune system 
that the abnormality of which was involved in the psychopathology and cognitive deficits of psychiatric disor-
ders. The aim of this study was to investigate the effect of HHEX rs1111875 polymorphism on the susceptibility 
and cognitive deficits of first-episode schizophrenic patients (FSP). We assessed cognitive function in 239 first- 
episode patients meeting DSM-IV for schizophrenia, and 368 healthy controls using the Repeatable Battery for 
the Assessment of Neuropsychological Status (RBANS). The HHEX rs1111875 polymorphism was genotyped. Our 
results showed that the allelic and genotypic frequencies of HHEX rs1111875 polymorphism didn't differ be-
tween FSP and healthy controls (both p > 0.05) after adjusting for sex and age. Cognitive test scores in FSP were 
significantly lower than those in healthy controls on all scales (all p < 0.001) except for the visuospatial/ 
constructional score (p > 0.05) after adjusting for covariates. There was a significant genotype (p < 0.05) rather 
than genotype × diagnosis (p > 0.05) effect on the delayed memory score after adjusting for covariates. The 
HHEX rs1111875 polymorphism was significantly associated with the delayed memory score in FSP (p < 0.05), 
but not in healthy controls (p > 0.05) after adjusting for covariates. Our findings supported that the HHEX 
rs1111875 polymorphism did not contribute to the susceptibility to FSP. However, this polymorphism might 
influence the delayed memory in FSP. Moreover, FSP had poorer cognitive function than healthy controls except 
for the visuospatial/constructional domain.   

1. Introduction 

Cognitive deficits have been considered a core feature of psychiatric 
disorders, especially schizophrenia (Condray and Yao, 2011). Cognitive 
deficits of schizophrenia have been reported to mainly exist in the 
following domains, such as memory, language, attention, learning, 
cognitive processing speed, and executive functioning (Mclntosh et al., 
2011; Han et al., 2012; Hui et al., 2013, 2016). These cognitive deficits 
occur prior to the onset of other psychotic symptoms and commonly 
persist throughout the duration of illness (Rund, 1998; Lieberman et al., 
2001; Hughes et al., 2003; Dickerson et al., 2004). Cognitive deficits 
may further influence their treatments, rehabilitation, quality of life, 
and even employment for schizophrenia (Shean, 2007; Harvey, 2009). 
Moreover, genetic factors have been reported to contribute to about 79 
% of the variability in abstract reasoning, 70 % of the variability in 

verbal reasoning skills, and 50 % of the variability in memory ability 
(Bouchard and McGue, 1981; McClearn et al., 1997; Benyamin et al., 
2005; Johnson et al., 2007). Taken together, these studies support the 
notion that genetic factors may play a critical role in cognitive deficits of 
first-episode schizophrenic patients (FSP). 

The hematopoietically-expressed homeobox protein (HHEX) is a 
member of the homeobox family of transcription factors that is encoded 
by the HHEX gene in humans (Bedford et al., 1993; Hromas et al., 1993). 
The mutations of HHEX gene on chromosome 10q23.33 are mainly 
involved in the developmental processes including immune and nervous 
systems (Keng et al., 2000; Martinez Barbera et al., 2000; Hallaq et al., 
2004; Stuckey et al., 2011). The immune developmental hypothesis for 
schizophrenia has been supported by several lines of evidence including 
the increased serum levels of inflammatory markers (C-reactive protein/ 
CRP, and interleukin-6/IL-6) (Fan et al., 2017; Miller et al., 2011, 2014; 
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Wu et al., 2016), the imbalanced proinflammatory and anti- 
inflammatory mechanisms (Muller and Schwarz, 2006; Wu et al., 
2016), and the association between inflammatory process and abnormal 
brain structure and function in individuals with schizophrenia (Frodl 
and Amico, 2014). Several genetic studies have further confirmed the 
role of immune system by detecting the susceptible genes and chromo-
somal regions as the risk loci of schizophrenia (Purcell et al., 2009; Shi 
et al., 2009; Stefansson et al., 2009; Li et al., 2011; Ripke et al., 2011, 
2014). Thus, it is possible that the variables of HHEX gene regulate the 
immune system that the abnormality of which is linked to the etiology of 
FSP (Keng et al., 2000). 

Moreover, it is hypothesized that the abnormality of immune system 
may play a core role in cognitive deficits of schizophrenia (Fineberg and 
Ellman, 2013; Miller et al., 2014). This hypothesis is supported by 
several lines of evidence. For example, several clinical studies have 
shown that the interaction between the inflammation and nervous sys-
tem may influence cognitive deficits (Dantzer et al., 2008), including the 
decrease in premorbid cognitive function (Brown et al., 2001; Ellman 
et al., 2009), and the deficits of executive ability following schizo-
phrenic onset (Brown et al., 2001). Animal studies further support the 
significant associations among cognitive behavior, immune system, and 
nervous system (Meyer, 2014; Labouesse et al., 2015; Khandaker et al., 
2015). Interesting, the variants of HHEX gene are also found to strongly 
contribute to regulating the immune system and nervous development 
(Keng et al., 2000; Martinez Barbera et al., 2000; Hallaq et al., 2004; 
Stuckey et al., 2011). In addition, several previous studies have found 
that there are significant associations among the HHEX rs1111875 
polymorphism, impaired glucose tolerance and schizophrenia (Chen 
et al., 2016; Staiger et al., 2008; Pivovarova et al., 2009). However, no 
study has examined the HHEX polymorphism in relation to the etiology 
and cognitive deficits of schizophrenia. Therefore, the aim of this study 
is to investigate whether the HHEX rs1111875 polymorphism may play 
an important role in the susceptibility and cognitive deficits of FSP. 

2. Methods 

2.1. Subjects 

This study was performed between August 2016 and July 2019. A 
total of 239 FSP (male/female = 134/105) were recruited from the 
inpatient unit in Suzhou Guangji Hospital, Suzhou Medical College of 
Soochow University. The inclusion criteria were: a) patients aged 18–48 
years; b) an acute episode at study intake that met DSM-IV criteria for 
schizophrenia; c) no previous exposure to antipsychotic medications; 
and d) able to provide written informed consent and take part in psy-
chopathology assessment. Diagnoses were confirmed by the structured 
clinical interview for DSM-IV (SCID). The psychopathology severity of 
FSP was assessed using the positive and negative syndrome scale 
(PANSS) (Kay et al., 1987). 

Healthy controls (N = 368; male/female = 155/213) were Han 
Chinese recruited at the same period from the local community. Psy-
chiatry disorders were ruled out in healthy controls by the SCID con-
ducted by a psychiatrist. None of healthy controls presented a personal 
or family history of psychiatric disorders. 

A complete medical history and physical examination were obtained 
from FSP and healthy controls. All subjects were physically healthy and 
any subjects with abnormalities including cardiovascular disease, cere-
brovascular disease, infections, cancer, unstable diabetes, uncontrolled 
hypertension and pregnancy, were excluded. Neither FSP nor healthy 
controls suffered from drug or alcohol abuse/dependence that was 
determined by the laboratory urine test. This study received approval 
from the institutional review board of Suzhou Guangji hospital, Suzhou 
Medical College of Soochow University, and written informed consent 
was obtained from all subjects. 

2.2. Cognitive tests 

We assessed cognitive function using the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS, Form A) (Randolph 
et al., 1998). The RBANS includes 12 subtests that were used to calculate 
a total score and 5 index scores. The test indices consist of immediate 
memory, delayed memory, attention, visuospatial/constructional, and 
language. The RBANS was previously translated into Chinese version 
and its clinical validity and test-retest reliability were established in 
healthy controls and individuals with schizophrenia (Zhang et al., 
2009). The RBANS index scores were the standardized scores in this 
study. 

2.3. Genotyping 

Five-milliliter peripheral blood was used to extract genomic DNA 
with a salting-out method (Tian et al., 2006). QuantStudio™ Dx Real- 
Time PCR Instrument with a 384-well format (Thermo Fisher Scienti-
fic Inc., USA) was used for genotyping the HHEX rs1111875 poly-
morphism by TaqMan® single nucleotide polymorphism (SNP) 
genotyping method according to the protocol of this instrument. The 
TaqMan probe and primes ID of this polymorphism was C_11214581_10. 
Duplicate samples and negative controls (without DNA) were set of 
quality assurance of genotyping. A research assistant who was blinded to 
the clinical status performed genotyping, and concordance for duplicate 
samples was 100 % for all assays. 

2.4. Statistical analysis 

The deviations from Hardy–Weinberg equilibrium (HWE) were 
assessed using the HWSIM program (Cubells et al., 1997). The HHEX 
rs1111875 allelic and genotypic frequencies were compared between 
FSP and healthy controls using Chi Squared (χ2) tests. Group differences 
were compared using Student t-tests or one-way analysis of variance 
(ANOVA) for continuous variables and χ2 for categorical variables. 

We applied analysis of covariance (ANCOVA) to construct an 
analytical model of 2 (FES versus healthy controls) × 3 (AA versus AG 
versus GG of HHEX rs111875). The genotypes of HHEX rs111875 were 
regarded as the independent variables, and the RBANS total score and 5- 
subindex scores were regarded as the dependent variables, with sex, age 
and education as covariates according to previous studies (Hui et al., 
2013). Firstly, the comparisons of all RBANS scores were perfected be-
tween FES and healthy controls after adjusting for covariates. Second, 
the comparisons of all RBANS in all subjects were perfected among AA, 
AG and GG of HHEX rs111875 after adjusting for covariates. Finally, the 
main effect of genotype x diagnosis on all RBANS scores in all subject 
was tested after adjusting for covariates. When ANOVA identified sig-
nificant differences in the RBANS cognitive scores according to the 
genotypic group in FSP or healthy controls, the effects of sex, age, and 
education were tested by adding these variables to the model of 
ANCOVA as covariates. SPSS version 17.0 was used to perform the 
statistical analysis. Data were presented as the mean and SD, and all p 
values were 2-tailed, with the significance level set at 0.05. 

The power of sample was calculated with quanto software (Gau-
derman, 2002), with known risk allele frequencies, a schizophrenia 
population prevalence of 1 %, and examining log additive, recessive and 
dominant models. The significance level was set at a p-value of 0.05. 

3. Results 

The demographic characteristics were summarized in Table 1. FSP 
and healthy controls significantly differed in sex, age, and education (all 
p < 0.05). The distributions of HHEX rs1111875 genotypes were 
consistent with HWE in both FSP and healthy controls (both p > 0.05). 
There were no significant differences in the HHEX rs1111875 allelic and 
genotypic distributions between FSP and healthy controls, as shown in 
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Table 2 (χ2 = 1.86, p = 0.17; χ2 = 1.94, p = 0.38, respectively). We still 
did not find their differences between the two groups after adjusting for 
sex and age (both p > 0.05). Further analysis found that the HHEX 
rs1111875 polymorphism was not significantly associated with PANSS 
total score, PANSS negative symptom, PANSS positive symptom, and 
PANSS general psychopathology in FSP (all p > 0.05). 

The RBANS data were available for 180 FSP and 367 healthy con-
trols. The RBANS total and index scores grouped by the HHEX 
rs1111875 polymorphism were summarized in Table 3. The RBANS total 

score (F = 76.15, p < 0.001), immediate memory score (F = 41.90, p <
0.001), attention score (F = 46.50, p < 0.001), language score (F =
103.42, p < 0.001), and delayed memory score (F = 51.39, p < 0.001) in 
FSP were significantly lower than those that in healthy controls except 
for the visuospatial/constructional index (F = 2.95, p = 0.09) after 
adjusting for sex, age, and education. There was a significant genotype 
effect of this polymorphism on delayed memory score after adjusting for 
covariates (F = 4.04, p = 0.02). However, this polymorphism did not 
influence immediate memory score (F = 1.85, p = 0.16), attention score 
(F = 1.19, p = 0.30), language score (F = 2.29, p = 0.10), visuospatial 
constructional score (F = 0.05, p = 0.95), and RBANS total score (F =
2.35, p = 0.10). Moreover, there was no significant genotype × diagnosis 
effect on the RBANS total score (F = 0.55, p = 0.58), immediate memory 
score (F = 0.54, p = 0.58), attention score (F = 0.47, p = 0.63), language 
score (F = 0.16, p = 0.85), visuospatial constructional score (F = 0.40, p 
= 0.67), and delayed memory score (F = 1.80, p = 0.17) after adjusting 
for covariates. 

Further analysis showed that the delayed memory score significantly 
differed according to the genotypic group (A/A group versus A/G groups 
versus G/G group) in FSP after adjusting for covariates (F = 3.74, p =
0.03), but not in healthy controls (F = 2.00, p = 0.14) (Fig. 1). 

This total sample had 0.76–0.99 statistical power to detect this 
polymorphism associated with FSP through dominant, recessive or log 
additive inheritance, with a genetic effect of 2 (alpha = 0.05, two tailed 
test). 

4. Discussion 

To our knowledge, this is the first report to investigate the correla-
tion of HHEX rs1111875 polymorphism with the susceptibility and 
cognitive deficits of FSP. We had three main findings: 1) this poly-
morphism was not associated with the susceptibility to FSP; 2) the 
RBANS total and index scores in FSP were significantly lower than those 
in healthy controls except for the visuospatial/constructional domain; 
and 3) This polymorphism influenced the delayed memory score in FSP. 

This study identified that the HHEX rs1111875 polymorphism did 
not contribute to the susceptibility to FSP, which was consistent with our 
previous study reporting no significant association between this poly-
morphism and individuals with chronic schizophrenia (Zhao et al., 
2016). However, previous studies have shown that this polymorphism 
was a functional locus that played an important role in the susceptibility 
to several disorders (Staiger et al., 2008; Pivovarova et al., 2009). 
Moreover, the variants of HHEX gene have been reported to influence 
developmental processes, especially nervous and immune systems (Keng 
et al., 2000; Martinez Barbera et al., 2000; Hallaq et al., 2004; Stuckey 

Table 1 
The demographic and clinical data between first-episode schizophrenic patients 
(FSP) and healthy controls.  

Variable Healthy controls (n 
= 368) 

FSP (n =
239) 

Statistic (p 
value) 

Sex (male/female) 155/213 134/105 11.30 (0.001)** 
Age (years) 44.50 ± 13.90 32.26 ±

13.04 
117.93 (<0.001) 
*** 

Education (years) 9.83 ± 5.72 8.77 ± 3.29 6.70 (0.01)* 
PANSS scores    
Positive symptoms  17.27 ±

5.88  
Negative symptoms  18.56 ±

7.01  
General 

psychopathology  
30.66 ±
7.52  

Total score  66.49 ±
15.52  

Note: * indicates the significance difference, *p < 0.05, **p < 0.01, and ***p <
0.001. 

Table 2 
Comparisons of the allele and genotype frequencies of HHEX rs1111875 be-
tween FSP and healthy controls.  

Variable Healthy controls FSP χ2 p 

(n = 368) (n = 239) 

Allele frequencies (%)     
A 211 (28.7 %) 120 (25.1 %)  1.86  0.17 
G 525 (71.3 %) 358 (74.9 %)   

Genotype frequencies (%)     
A/A 30 (8.2 %) 16 (6.7 %)  1.94  0.38 
A/G 151 (41.0 %) 88 (36.8 %)   
G/G 187 (50.8 %) 135 (56.5 %)   

Note: HHEX = hematopoietically expressed homeobox. There were still not 
differences in the allele and genotype frequencies between FSP and healthy 
controls by adjusting for sex and age (both p > 0.05). 

Table 3 
Comparisons of total and index scores on the RBANS by diagnostic and genotype groupings.  

RBANS Healthy controls FSP Diagnose Genotype Diagnose ×
Genotype 

A/A A/G G/G A/A A/G G/G 

(n = 30) (n = 151) (n = 186) (n = 14) (n = 65) (n = 101) Fa, (p value) Fb, (p value) F, (p value) 

Immediate memory 82.9 ±
17.7 

75.9 ±
18.3 

74.9 ±
16.6 

65.9 ±
14.3 

62.5 ±
15.9 

63.4 ±
17.2 

41.90 (<0.001)*** 1.85 (0.16) 0.54 (0.58) 

Attention 91.0 ±
20.7 

88.4 ±
21.1 

87.4 ±
18.8 

77.6 ±
17.6 

72.1 ±
16.3 

72.0 ±
19.2 

46.50 (<0.001)*** 1.19 (0.30) 0.47 (0.63) 

Language 96.9 ±
14.7 

93.6 ±
13.8 

94.7 ±
12.6 

77.6 ±
17.9 

71.2 ±
16.5 

71.4 ±
18.2 

103.42 (<0.001) 
*** 

2.29 (0.10) 0.16 (0.85) 

Visuospatial/ 
constructional 

82.1 ±
13.7 

79.6 ±
16.6 

79.6 ±
15.0 

74.1 ±
15.0 

76.2 ±
16.9 

75.7 ±
15.3 

2.95 (0.09) 0.05 (0.95) 0.40 (0.67) 

Delayed memory 91.9 ±
10.4 

86.3 ±
16.0 

86.2 ±
14.9 

75.0 ±
16.9 

66.0 ±
18.8 

71.0 ±
19.8 

51.39 (<0.001)*** 4.04 (0.02) 
* 

1.80 (0.17) 

Total score 85.4 ±
13.8 

80.3 ±
16.4 

80.1 ±
14.9 

67.6 ±
14.5 

63.3 ±
13.1 

64.7 ±
14.9 

76.15 (<0.001)*** 2.35 (0.10) 0.55 (0.58)  

a There were significant differences in cognitive scores between FSP and healthy controls except for the visuospatial/constructional score after adjusting for sex, age 
and education (all ***p < 0.001). 

b There were significant genotype effect on the delayed memory score after adjusting for sex, age and education (F = 4.04, *p = 0.02). 
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et al., 2011). Several serum studies also indicated that the abnormality 
of immune system might be involved in the etiology of schizophrenia 
(Muller and Schwarz, 2006; Fan et al., 2017; Miller et al., 2011, 2014; 
Wu et al., 2016), which was significantly associated with the abnor-
mality of brain structure and function in individuals with schizophrenia 
(Frodl and Amico, 2014). Previous genome-wide association studies 
(GWAS) further confirmed that the immune system-associated genetic 
loci could contribute to the susceptibility to schizophrenia (Purcell et al., 
2009; Shi et al., 2009; Stefansson et al., 2009; Li et al., 2011; Ripke et al., 
2011, 2014). Collectively, these findings all supported that the variables 
of HHEX gene may be associated with the susceptibility to schizophrenia 
by regulating immune system (Keng et al., 2000). The above divergent 
findings may be due to the following reasons. First, the HHEX rs1111875 
polymorphism might not influence the immune system in individuals 
with schizophrenia. Second, other functional polymorphisms of this 
gene could contribute to the developmental process of immune system 
in individuals with schizophrenia. Finally, other factors could play a role 
in the developmental process of immune system in individuals with 
schizophrenia, such as HHEX and other gene interaction, HHEX and 
environment interaction, and HHEX haplotype analysis. Thus, further 
studies should be still required. 

This study found that FSP had more significant cognitive deficits 
than healthy controls in almost all cognitive domains except for the 
visuospatial/constructional domain. This finding was consistent with 
our previous studies in FSP (Hui et al., 2013; Zhang et al., 2013) and 
individuals with chronic schizophrenia (Hui et al., 2015, 2016). Several 
foreign studies also further supported our finding in FSP by the case- 
control study design (Riley et al., 2000; Laurel et al., 2002; Addington 
et al., 2003). However, the inconsistent findings also were found in in-
dividuals with schizophrenia. For example, several previous studies 
found a significant difference in the visuospatial/constructional score 
between individuals with schizophrenia and healthy controls (Dickerson 
et al., 2004; Laurent et al., 2007; Gogos et al., 2010), but not in the 
attention score between the two groups (Christopher et al., 2002). The 
different findings of cognitive deficits in individuals with schizophrenia 
may be due to the multiple and complex factors, including race, sex, age, 

education, smoking, duration of illness and antipsychotic medications. 
Therefore, longitudinal cohort studies in FSP should be performed to 
confirm our findings. 

Interesting, this study was the first to report that the HHEX 
rs1111875 polymorphism was significantly associated with the delayed 
memory in FSP, but not in healthy controls. The variants of HHEX gene 
have been reported to play a critical role in the developmental processes 
of nervous and immune systems (Keng et al., 2000; Martinez Barbera 
et al., 2000; Hallaq et al., 2004; Stuckey et al., 2011). The inflammation 
and nervous system interaction was further found to influence cognitive 
function in individuals with a clinical high risk of psychosis (Brown 
et al., 2001; Ellman et al., 2009), and executive function in FSP (Brown 
et al., 2001). Preclinical studies also have confirmed the effects of ner-
vous and immune systems on cognitive behavior (Meyer, 2014; Lab-
ouesse et al., 2015; Khandaker et al., 2015). Moreover, several recent 
studies have indicated that the abnormality of immune system was 
involved in cognitive deficits of psychiatric disorders, especially 
schizophrenia (Fineberg and Ellman, 2013; Miller et al., 2014). There-
fore, the underlying mechanisms which are responsible for the HHEX 
rs1111875 polymorphism influence on the delayed memory in FSP 
could reflect the mutations of HHEX gene resulting in the abnormalities 
of nervous and immune systems. However, our current study did not 
show that the HHEX rs1111875 polymorphism influenced cognitive 
performance in healthy controls, suggesting that the variants of this 
polymorphism were specific for the delayed memory deficits in FSP. 

Several limitations should be noted in this study. First, the un-
matched sex or hidden population stratification of our sample could be 
confounders. However, the Han Chinese in Suzhou area were ethnically 
relatively homogeneous. Moreover, no gender differences in the allelic 
and genotypic frequencies of HHEX rs1111875 polymorphism were 
observed in either FSP or healthy controls. A replication study with 
genomic controls or a family-based population study would help to 
address this limitation. Second, only one polymorphism was investi-
gated because of limited resources enabled to us to only tag one of all the 
SNPs in the HHEX gene. In future, other variations that influence the 
HHEX expression and activation should also be genotyped to obtain 

Fig. 1. After adjusting for sex, age and education, there was significant difference in delayed memory score among AA (75.0 ± 16.9) versus AG (66.0 ± 18.8) versus 
GG (71.0 ± 19.8) of HHEX rs1111875 in FSP (F = 3.74, p = 0.03), but not showed difference in delayed memory score among AA (91.9 ± 10.4) versus AG (80.3 ±
16.4) versus GG (80.1 ± 14.9) of this polymorphism in healthy controls (HCs) (F = 1.97, p = 0.14). 
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more comprehensive information. Third, a misclassification of genotype 
was possible in spite of our quality controls, but such misclassification 
would typically bias the results towards no effect. Fourth, the HHEX 
rs1111875 polymorphism had strong ethnic differences in its genetic 
frequencies which could lead to inconsistent results in different pop-
ulations. For example, the A allele frequency of this polymorphism in 
healthy controls has been reported to be 32.5 % in the Iranian popula-
tion (Mansoori et al., 2015). Thus, whether it was involved in the sus-
ceptibility and delayed memory deficits of FSP still should be 
investigated in the different ethnicities. Fifth, Although the RBANS was 
a well-established neurocognitive assessment tool, it was a fairly brief 
assessment that did not capture all aspects of cognitive function, such as 
executive function, sustained attention, and working memory. We 
assessed the cognitive function using the RBANS among many tools to 
test cognition of FSP due to the following reasons: 1) The RBANS was a 
widely used screening instrument in neuropsychological assessment that 
was designed to initially identify and characterize cognitive function in 
older adults (Randolph et al., 1998). The RBANS was also shown to be 
sensitive to detecting cognitive function, which was further applied to 
assess cognitive function in psychiatric disorders including schizo-
phrenia and depressive patients (Dickerson et al., 2014). 2) In China, the 
RBANS was previously translated into Chinese version, and its clinical 
validity and test-retest reliability were established in healthy controls 
and patients with schizophrenia (Zhang et al., 2009). 3) Pervious studies 
on schizophrenia, type 2 diabetes, cigarette smoking, and alcohol use 
from Han Chinese population adopting the RBANS for cognitive mea-
surement have just emerged (Hui et al., 2013; Zhen et al., 2013; Zhang 
et al., 2016). Finally, the relatively small sample size may influence the 
accuracy of current findings. Thus, a replication study should be con-
ducted in a large sample. 

In summary, the HHEX rs1111875 polymorphism did not influence 
the susceptibility to FSP. However, this polymorphism could play an 
important role in the delayed memory deficits in FSP. Moreover, FSP 
have poorer cognitive function than healthy controls except for the vi-
suospatial/constructional domain. Our findings remain preliminary 
because of the limitations of this study and require replication in a larger 
sample with case-control matching in the different ethnicities. 

Role of the funding source 

This study was funded by the National Natural Science Foundation of 
China (82371508 and 81771439), Jiangsu Provincial Key Research and 
Development Program (BE2020661), the Natural Science Foundation of 
Jiangsu Province (BK20200210), Suzhou Municipal Health Commission 
Science Research Program (GSWS2020095, and SZLCYXZX202109), 
Suzhou Municipal Sci-Tech Bureau Program (SKY2022064, 
SKY2022065, and SKY2023225) and the Sample Bank of Suzhou 
Municipal Psychiatric Disorders from the support of Suzhou Municipal 
Finance Bureau. These sources in this study had no further role in the 
design, data collection and analysis, writing of the report, and decision 
to submit the paper for publication. 

CRediT authorship contribution statement 

Zhen Hua Zhu: Writing – original draft, Resources, Project admin-
istration, Methodology, Investigation, Funding acquisition, Data cura-
tion. Xu Yuan Yin: Methodology, Investigation, Data curation. Yuan 
Cai: Writing – original draft, Data curation. Ning Ning Jia: Investiga-
tion, Data curation. Pei Jie Wang: Data curation. Qi Qi: Data curation. 
Wen Long Hou: Data curation. Li Juan Man: Data curation. Li Hui: 
Writing – review & editing, Writing – original draft, Supervision, Re-
sources, Project administration, Funding acquisition, Conceptualization. 

Declaration of competing interest 

The authors have no conflicts to disclose. 

Acknowledgement 

We thank all patients from Suzhou Guangji Hospital, Suzhou Medical 
College of Soochow University for their support and participation. 

References 

Addington, J., Brooks, B.L., Addington, D., 2003. Cognitive functioning in first episode 
psychosis: initial presentation. Schizophr. Res. 62 (1–2), 59–64. 

Bedford, F.K., Ashworth, A., Enver, T., Wiedemann, L.M., 1993. HEX: a novel homeobox 
gene expressed during haematopoiesis and conserved between mouse and human. 
Nucleic Acids Res. 21 (5), 1245–1249. 

Benyamin, B., Wilson, V., Whalley, L.J., Visscher, P.M., Deary, I.J., 2005. Large 
consistent estimates of the heritability of cognitive ability in two entire population of 
11-year-old twins from Scottish mental surveys of 1932 and 1947. Behav. Genet. 35, 
525–534. 

Bouchard, T.J., McGue, M., 1981. Familial studies of intelligence: a review. Science 212, 
1055–1059. 

Brown, A.S., Cohen, P., Harkavy-Friedman, J., Babulas, V., Malaspina, D., Gorman, J.M., 
Susser, E.S., 2001. A.E. Bennett Research Award. Prenatal rubella, premorbid 
abnormalities, and adult schizophrenia. Biol. Psychiatry 49 (6), 473–486. 

Chen, D.C., Du, C.D., Yin, G.Z., Yang, K.B., Nie, Y., Wang, N., Li, Y.L., Xiu, M.H., He, S.C., 
Yang, F.D., Cho, R.Y., Kosten, T.R., Soares, J.C., Zhao, J.P., Zhang, X.Y., 2016. 
Impaired glucose tolerance in first-episode drug-naïve patients with schizophrenia: 
relationships with clinical phenotypes and cognitive deficits. Psychol. Med. 46 (15), 
3219–3230. 

Christopher, M.W., James, M.G., John, J.B., Faith, D., Wayne, S.F., Michael, K., 
Christopher, R., Robert, W., 2002. Test-retest stability of the repeatable battery for 
the assessment of neuropsychological status in schizophrenia. Am. J. Psychiatry 159, 
838–844. 

Condray, R., Yao, J.K., 2011. Cognition, dopamine and bioactive lipids in schizophrenia. 
Front. Biosci. 3, 298–330. 

Cubells, J.F., Kobayashi, K., Nagatsu, T., Kidd, K.K., Kidd, J.R., Calafell, F., Kranzler, H. 
R., Ichinose, H., Gelernter, J., 1997. Population genetics of a functional variant of the 
dopamine beta-hydroxylase gene (DBH). Am. J. Med. Genet. 74 (4), 374–379. 

Dantzer, R., O'Connor, J.C., Freund, G.G., Johnson, R.W., Kelley, K.W., 2008. From 
inflammation to sickness and depression: when the immune system subjugates the 
brain. Nat. Rev. Neurosci. 9 (1), 46–56. 

Dickerson, F., Boronow, J.J., Stallings, C., Origoni, A.E., Cole, S.K., Yolken, R.H., 2004. 
Cognitive functioning in schizophrenia and bipolar disorder: comparison of 
performance on the Repeatable Battery for the Assessment of Neuropsychological 
Status. Psychiatry Res. 129 (1), 45–53. 

Dickerson, F., Schroeder, J., Stallings, C., Origoni, A., Katsafanas, E., Schwienfurth, L.A., 
Savage, C.L., Khushalani, S., Yolken, R., 2014. A longitudinal study of cognitive 
functioning in schizophrenia: clinical and biological predictors. Schizophr. Res. 156 
(2–3), 248–253. 

Ellman, L.M., Yolken, R.H., Buka, S.L., Torrey, E.F., Cannon, T.D., 2009. Cognitive 
functioning prior to the onset of psychosis: the role of fetal exposure to serologically 
determined influenza infection. Biol. Psychiatry 65 (12), 1040–1047. 

Fan, X., Pristach, C., Liu, E.Y., Freudenreich, O., Henderson, D.C., Goff, D.C., 2017. 
Elevated serum levels of C-reactive protein are associated with more severe 
psychopathology in a subgroup of patients with schizophrenia. Psychiatry Res. 149, 
267–271. 

Fineberg, A.M., Ellman, L.M., 2013. Inflammatory cytokines and neurological 
andneurocognitive alterations in the course of schizophrenia. Biol. Psychiatry 73 
(10), 951–966. 

Frodl, T., Amico, F., 2014. Is there an association between peripheral immune markers 
and structural/functional neuroimaging findings? Pro. Neuropsychopharmacol. Biol. 
Psychiatry 48, 295–303. 

Gauderman, W.J., 2002. Sample size requirements for matched case-control studies of 
gene environment interaction. Stat. Med. 21 (1), 35–50. 

Gogos, A., Joshua, N., Rossell, S.L., 2010. Use of the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS) to investigate group and gender 
differences in schizophrenia and bipolar disorder. Aust. N. Z. J. Psychiatry 44 (3), 
220–229. 

Hallaq, H., Pinter, E., Enciso, J., McGrath, J., Zeiss, C., Brueckner, M., Madri, J., 
Jacobs, H.C., Wilson, C.M., Vasavada, H., Jiang, X., Bogue, C.W., 2004. A null 
mutation of Hhex results in abnormal cardiac development, defective vasculogenesis 
and elevated Vegfa levels. Development 131 (20), 5197–5209. 

Han, M., Huang, X.F., Chen, D.C., Xiu, M.H., Hui, L., Kosten, T.R., Zhang, X.Y., 2012. 
Gender differences in cognitive function of patients with chronic schizophrenia. 
Prog. Neuropsychopharmacol. Biol. Psychiatry 39 (2), 358–363. 

Harvey, P.D., 2009. Pharmacological cognitive enhancement in schizophrenia. 
Neuropsychol. Rev. 19 (3), 324–335. 

Hromas, R., Radich, J., Collins, S., 1993. PCR cloning of an orphan homeobox gene 
(PRH) preferentially expressed in myeloid and liver cells. Biochem. Biophys. Res. 
Commun. 195 (2), 976–983. 

Hughes, C., Kumari, V., Soni, W., Das, M., Binneman, B., Drozd, S., O’Neil, S., 
Mathew, V., Sharma, T., 2003. Longitudinal study of symptoms and cognitive 
function in chronic schizophrenia. Schizophr. Res. 59 (2–3), 137–146. 

Hui, L., Zhang, X., Yu, Y.Q., Han, M., Huang, X.F., Chen, D.C., Wang, Z.R., Du, W.L., 
Kou, C.G., Yu, Q., Kosten, T.R., Zhang, X.Y., 2013. Association between DBH 19 bp 
insertion/deletion polymorphism and cognition in first-episode schizophrenic 
patients. Schizophr. Res. 147 (2–3), 236–240. 

Z.H. Zhu et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0005
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0005
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0010
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0010
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0010
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0015
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0015
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0015
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0015
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0020
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0020
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0025
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0025
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0025
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0030
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0030
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0030
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0030
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0030
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0035
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0035
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0035
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0035
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0040
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0040
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0045
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0045
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0045
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0050
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0050
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0050
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0055
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0055
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0055
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0055
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0060
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0060
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0060
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0060
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0065
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0065
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0065
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0070
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0070
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0070
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0070
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0075
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0075
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0075
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0080
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0080
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0080
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0085
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0085
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0090
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0090
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0090
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0090
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0095
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0095
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0095
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0095
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0100
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0100
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0100
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0105
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0105
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0110
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0110
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0110
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0115
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0115
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0115
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0120
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0120
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0120
http://refhub.elsevier.com/S2215-0013(24)00005-2/rf0120


Schizophrenia Research: Cognition 36 (2024) 100304

6

Hui, L., Rao, W.W., Yu, Q., Kou, C., Wu, J.Q., He, J.C., Ye, M.J., Liu, J.H., Xu, X.J., 
Zheng, K., Ruan, L.N., Liu, H.Y., Hu, W.M., Shao, T.N., AngRabanes, M.B., Soares, J. 
C., Zhang, X.Y., 2015. TCF4 gene polymorphism is associated with cognition in 
patients with schizophrenia and healthy controls. J. Psychiatr. Res. 69, 95–101. 

Hui, L., Han, M., Huang, X.F., Zhang, X., He, J.C., Lv, M.H., Soares, J.C., Zhang, X.Y., 
2016. Association between DBH 5′-insertion/deletion polymorphism and cognition 
in patients with chronic schizophrenia. J. Clin. Psychiatry 77 (3), 379–385. 

Johnson, B., Santana, V., Schupf, N., Tang, M.X., Stern, Y., Mayeux, R., Lee, J.H., 2007. 
The heritability of abstract reasoning in Caribbean Latinos with familial Alzheimer 
disease. Dement. Geriatr. Cogn. Disord. 24, 411–417. 

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale 
(PANSS) for schizophrenia. Schizophr. Bull. 13, 261–276. 

Keng, V.W., Yagi, H., Ikawa, M., Nagano, T., Myint, Z., Yamada, K., Tanaka, T., Sato, A., 
Muramatsu, I., Okabe, M., Sato, M., Nuguchi, T., 2000. Homeobox gene Hex is 
essential for onset of mouse embryonic liver development and differentiation of the 
monocyte lineage. Biochem. Biophys. Res. Commun. 276 (3), 1155–1161. 

Khandaker, G.M., Cousins, L., Deakin, J., Lennox, B.R., Yolken, R., Jones, P.B., 2015. 
Inflammation and immunity in schizophrenia: implications for pathophysiology and 
treatment. Lancet Psychiatry 2 (3), 258–270. 

Labouesse, M.A., Langhans, W., Meyer, U., 2015. Abnormal context-reward associations 
in an immune-mediated neurodevelopmental mouse model with relevance to 
schizophrenia. Transl. Psychiatry 5, e637. 

Laurel, A.T., Ross, M.G.N., Ashok, K.M., Anita, D.R., Rashid, R.A., 2002. Changes in 
cognitive functioning following comprehensive treatment for first episode patients 
with schizophrenia spectrum disorders. Psychiatry Res. 113, 69–81. 

Laurent, H., Leonie, C., Laure, J., Bernard, P., Caroline, S., Olivier, H., Christopher, R., 
2007. Detection of cognitive impairment with the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS) in adolescents with psychotic 
symptomatology. Schizophr. Res. 95, 48–56. 

Li, Z., Qu, J., Xu, X., Zhou, X., Zou, H., Wang, N., Li, T., Hu, X., Zhao, Q., Chen, P., Li, W., 
Huang, K., Yang, J., He, Z., Ji, J., Wang, T., Li, J., Li, Y., Liu, J., Zeng, Z., Feng, G., 
He, L., Shi, Y., 2011. A genome-wide association study reveals association between 
common variants in an intergenic region of 4q25 and high-grade myopia in the 
Chinese Han population. Hum. Mol. Genet. 20, 2861–2868. 

Lieberman, J.A., Perkins, D., Belger, A., Chakos, M., Jarskog, F., Boteva, K., Gilmore, J., 
2001. The early stages of schizophrenia: speculations on pathogenesis, 
pathophysiology, and therapeutic approaches. Biol. Psychiatry 50 (11), 884–897. 

Mansoori, Y., Daraei, A., Naghizadeh, M.M., Salehi, R., 2015. The HHEX rs1111875A/G 
gene polymorphism is associated with susceptibility to type 2 diabetes in the Iranian 
population. Mol. Biol. 49 (4), 535–542. 

Martinez Barbera, J.P., Clements, M., Thomas, P., Rodriguez, T., Meloy, D., Kioussis, D., 
Beddington, R.S., 2000. The homeobox gene Hex is required in definitive 
endodermal tissues for normal forebrain, liver and thyroid formation. Development 
127 (11), 2433–2455. 

McClearn, G.E., Johansson, B., Berg, S., Pedersen, N.L., Aherm, F., Petrill, S.A., 
Plomin, R., 1997. Substantial genetic influence on cognitive abilities in twins 80 or 
more years old. Science 276, 1560–1563. 

Mclntosh, B.J., Zhang, X.Y., Kosten, T., Tan, S.P., Xiu, M.H., Rakofsky, J., Havrvey, P.D., 
2011. Performance-based assessment of functional skills in severe mental illness: 
results of a large-scale study in China. J. Psychiatr. Res. 45 (8), 1089–1094. 

Meyer, U., 2014. Prenatal poly(i:C) exposure and other developmental immune 
activation models in rodent systems. Biol. Psychiatry 75 (4), 307–315. 

Miller, B.J., Buckley, P., Seabolt, W., Mellor, A., Kirkpatrick, B., 2011. Meta-analysis of 
cytokine alterations in schizophrenia: clinical status and antipsychotic effects. Biol. 
Psychiatry 70 (7), 663–671. 

Miller, B.J., Culpepper, N., Rapaport, M.H., 2014. C-reactive protein levels in 
schizophrenia: a review and meta-analysis. Clin. Schizophr. Relat. Psychoses 7, 
223–230. 

Muller, N., Schwarz, M., 2006. Schizophrenia as an inflammation-mediated dysbalance 
of glutamatergic neurotransmission. Neurotox. Res. 10, 131–148. 

Pivovarova, O., Nikiforova, V.J., Pfeiffer, A.F., Rudovich, N., 2009. The influence of 
genetic variations in HHEX gene on insulin metabolism in the German MESYBEPO 
cohort. Diabetes Metab. Res. Rev. 25, 156–162. 

Purcell, S.M., Wray, N.R., Stone, J.L., Visscher, P.M., O’Donovan, M.C., Sullivan, P.F., 
Sklar, P., 2009. Common polygenic variation contributes to risk of schizophrenia and 
bipolar disorder. Nature 460, 748–752. 

Randolph, C., Tierney, M.C., Mohr, E., Chase, T.N., 1998. The Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS): preliminary clinical validity. 
J. Clin. Exp. Neuropsychol. 20, 310–319. 

Riley, E.M., McGovern, D., Mockler, D., Duku, V.C., Oceallaigh, S., Fannon, D.G., 
Tennakoon, L., Santamaria, M., Soni, W., Morris, R.G., Sharma, T., 2000. 
Neuropsychological functioning in first-episode psychosis: evidence of specific 
deficits. Schizophr. Res. 43, 47–55. 

Ripke, S., Sanders, R.A., Kendler, K.S., Levinson, D.F., Sklar, P., Holmans, P.A., Lin, D.Y., 
Duan, J., Ophoff, R.A., Andreassen, O.A., et al., 2011. Genome-wide association 
study identifies five new schizophrenia loci. Nat. Genet. 43, 969–976. 

Ripke, S., Neale, B.M., Corvin, A., Walters, J.T., Farh, K.H., Holmans, P.A., Lee, P., Bulik- 
Sullivan, B., Collier, D.A., Huang, H., et al., 2014. Biological insights from 108 
schizophrenia-associated genetic loci. Nature 511, 421–427. 

Rund, B.R., 1998. A review of longitudinal studies of cognitive functions in schizophrenia 
patients. Schizophr. Bull. 24 (3), 425–435. 

Shean, G.D., 2007. Recent developments in psychosocial treatments for schizophrenic 
patients. Expert Rev. Neurother. 7 (7), 817–827. 

Shi, J., Levinson, D.F., Duan, J., Sanders, A.R., Zheng, Y., Pe’er, I., Dudbridge, F., 
Holmans, P.A., Whittemore, A.S., Mowry, B.J., et al., 2009. Common variants on 
chromosome 6p22.1 are associated with schizophrenia. Nature 460, 753–757. 

Staiger, H., Stancákova, A., Zilinskaite, J., Vänttinen, M., Hansen, T., Marini, M.A., 
Hammarstedt, A., Jansson, P.A., Sesti, G., Smith, U., Pedersen, O., Laakso, M., 
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