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Introduction

China is a developing country with a large land area and a 
large population. It is seriously affected by various disasters, 
especially natural disasters. Further attention needs to 
be paid to the negative consequences of natural disasters. 

Experiencing natural disasters can lead to mental health 
problems such as anxiety, depression, or post-traumatic 
stress disorder (PTSD) in children and teens. Among them, 
PTSD is a complex disorder and the most common type 
of psychopathology among disaster survivors. Trauma in 
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childhood can cause many psychological changes, and can 
lead to a series of psychological disorders in adulthood. 
The reported prevalence of diagnosable PTSD in children 
ranges from 30 to 60 percent (1).

As a trauma-related psychological disorder, PTSD 
is caused by a threat to an individual’s physical integrity 
which leads to a strong sense of fear or helplessness. Its 
clinical manifestations are characterized by re-experiencing 
the trauma, accompanied by emotional irritability and 
avoidance behavior, with serious social and family-related 
impacts (2,3). At the same time, studies in recent years have 
shown that PTSD patients exhibit significant differences 
in behavioral levels, including attention, executive ability, 
and memory (4,5). In addition, evidence has also been 
found on the neurophysiological mechanisms of cognitive 
abnormalities in PTSD patients: for example, the emotional 
Stroop effect study supports the pathophysiological model 
of PTSD, emphasizing the abnormal expression of the 
medial prefrontal cortex and amygdala (6,7). Bremner  
et al. and Wignall et al. found that the hippocampal 
volume of PTSD patients is generally smaller than that of 
normal people (8,9). These findings suggest that cognitive 
abnormalities in PTSD may play an important role in the 
occurrence, development, and outcome of PTSD, which may 
be a symptom of post-traumatic disease. Further research 
on this phenomenon will provide new perspectives for the 
understanding and treatment of the pathogenesis of PTSD.

When people face similar levels of trauma exposure, 
they are also affected by many post-traumatic factors, 
such as personality characteristics, cognitive patterns, 
social support, post-traumatic coping strategies, exposure 
to trauma cues, etc. However, good social support and 
certain genotypes are protective factors for PTSD. In 
addition, certain genes, such as NRG1 (10), interleukin 10 
rs1800872 AA genotype (11), OXTR rs53576 genotype (12) 
are associated with the development of PTSD. In recent 
years, through modern molecular genetic techniques, 
several genes have been identified as associated with 
PTSD susceptibility, including SLC6A4, DRD2, CNR1, 
5-HTT, FKBP5, and DAT1, among others (13). Serotonin 
is an important neurotransmitter in the body, which plays 
an important role in many physiological functions such 
as movement, feeding, reproduction, and emotion in 
mammals. The 5-HTT-encoding gene has been confirmed 
to be associated with a variety of psychiatric diseases. 
Currently, the polymorphisms of 5-HTTLPR and 5-HTT-
VNTR related to emotion, mentality, personality disorders, 
and personality traits have been more closely studied (14,15). 

Many genetic studies on PTSD have also focused on the 
serotonin system, as PTSD can be treated by targeting the 
serotonin transporter (SLC6A4) with selective serotonin 
reuptake inhibitors (SSRIs) (16,17). The widely studied 
5-HTTLPR variant of the SLC6A4 gene is a gene-linked 
polymorphic region in the 5-HTT promoter region that 
regulates gene expression levels (18). This variation may 
contribute to changes in response to SSRI treatment (19,20). 
To date, 5-HTTLPR has been studied in more than 300 
neurological and psychiatric disorders, including PTSD 
(21,22), major depressive disorder (23), and Alzheimer’s 
disease (23). At the same time, related studies have found 
that the polymorphism of the 5-HTTLPR gene plays a 
key role in the cognitive impairment of patients with 
Alzheimer’s disease (24), and the cognitive control behavior 
contained in 5-HT 1A is also severely affected in major 
depressive disorder (25). A study showed (26) that the 
analysis of the PTSD core family found that the S allele 
of 5-HTT gene-linked polymorphic region (5-HTTLPR) 
would be preferentially transmitted to children, and the 
VNTR polymorphism in the second intron of the 5-HTT 
gene had no significant association with PTSD; the ploidy 
analysis showed that there were significant differences in 
the transmission of the 5-HTTLPR and VNTR alleles. 
At the same time, the study found that the L allele was 
preferentially transmitted to the children (27), and the 
nuclear family TDT study further found that there was 
no difference in the transmission of the 5-HTTLPR allele, 
but it is related to the severity of social impairment. The S 
allele is preferentially transmitted in individuals with severe 
disabilities, and the L allele is preferentially transmitted in 
individuals with mild-to-moderate disabilities, suggesting 
that the 5-HTTLPR allele itself does not determine the 
susceptibility to PTSD. Perceptual function may correlate 
with the severity of social impairment. These studies have 
shown that polymorphism of the 5-HTTLPR gene has 
adverse effects on cognitive function in patients.

Although there are many studies on 5-HTTLPR gene 
polymorphisms and PTSD, the subjects are mainly adults. 
Moreover, the research on PTSD in children in my country 
started relatively late, mainly focusing on the symptoms, 
influencing factors, assessment tools, and intervention 
strategies of PTSD in children. The correlation between 
5-HTTLPR gene polymorphism and cognitive function in 
children with PTSD has not been reported yet. Combined 
with the actual situation in my country, this study took Han 
children with PTSD as the research object.

The aim of this study was to investigate the relationship 
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between the 5-HTTLPR and cognitive dysfunction in 
Chinese Han children with PTSD. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-289/rc).

Methods

Research participants

Children with PTSD who sought medical treatment in The 
Fourth People’s Hospital of Haikou from December 2019 to 
December 2021 were selected as the research participants. 
Two experienced pediatric neurologists independently 
diagnosed the children with PTSD who met the criteria 
and allocated them to the PTSD group (60 cases). The 
average age was 7.52±1.23 years old, including 32 boys 
and 28 girls; during the same period, healthy volunteer 
children were matched with the normal control group  
(60 cases) according to the number of PTSD children, with 
an average age of 7.64±1.15 years old, including 35 boys and 
25 girls. All 120 participants were of Han nationality. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of The Fourth People’s Hospital of 
Haikou (No. 202006) and informed consent was provided 
by all participants’ parents or legal guardians.

The inclusion criteria were as follows: (I) Conformance 
to the International Statistical Classification of Diseases 
and Related Health Problems (10th Edition); (II) PTSD 
Level Assessment Scale ≥30 points; (III) Cognitive Function 
Assessment Scale ≤24 points; and (IV) the first onset of 
PTSD. The exclusion criteria were as follows: (I) history of 
coma for more than 5 days; (II) clear history of neurological 
disease; (III) history of traumatic brain injury; (IV) history 
of mental illness; and (V) drug abuse.

PTSD level assessment

Patients were assessed for PTSD levels using the Children’s 

Revised Impact of Event Scale (CRIES), which was 
developed from the Impact of Event Scale - Revised (IES-R) 
as a 13-item screening tool for use after experiencing 
traumatic events for children at risk of developing PTSD. 
The CRIES includes assessment of aggression (4 tests), 
avoidance (4 tests), and arousal symptoms (5 tests), 3 of 
which are in compliance with the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) 
dimensions of diagnostic criteria. Each question is answered 
on the original four-point scale (almost never, occasionally, 
sometimes, often) and rated 0, 1, 3, and 5, with no reversed 
items within the question. In this scale, children’s total 
response score ranges from 0 to 65, reflecting the severity 
of post-traumatic stress reactions, and a cumulative score of 
all items ≥30 is considered positive for PTSD.

Cognitive function level assessment

The Mini-mental State Examination or Mini-mental State 
Examination (MMSE) is often used to screen for cognitive 
function (28). In assessing the cognitive function of study 
participants, the MMSE is more sensitive in detecting 
cognitive impairment than using informal questioning 
or general impressions of the patient. The MMSE scale 
provides measures of orientation, memory, recall, and 
language ability, and its scoring standard is the sum of 
the points of all correctly answered sub-items, a total of 
30 items, 1 point for each item, and the total score range 
is 0 to 30 points. Scores ≤24 were considered to indicate 
cognitive impairment. The test-retest reliability was 
0.80–0.99, and the inter-subject reliability was 0.95–1.00. 
The evaluation was performed by 2 pediatric neurologists 
with intermediate titles and above, with relevant clinical 
experience.

5-HTTLPR gene polymorphism detection

After rinsing the participants’ mouths, sterile cotton swabs 
were used to scrape oral mucosal epithelial cells, which were 
then placed in a 15 mL centrifuge tube for low-temperature 
storage and returned to the laboratory. An oral swab DNA 
extraction kit (DP322; Tiangen Biochemical Technology, 
Beijing, China) was used to extract the genomic DNA of oral 
mucosal epithelial cells and stored in a −80 ℃ refrigerator. 
Primer Premier 5.0 primer design software (Premier 
Biosoft, Palo Alto, CA, USA) was used to design polymerase 
chain reaction (PCR) primers (Table 1), and the primers 
were synthesized by Shanghai Sangon Bioengineering Co., 

Table 1 5-HTTLPR primer sequences

Name Sequence (5'-3')

5-HTTLPR upstream 
primer

5'-GGCGTTGCCGCTCTGAATGC-3'

5-HTTLPR 
downstream primer

5'-GAGGGACTGAGCTGGACAACCAC-3'

https://tp.amegroups.com/article/view/10.21037/tp-22-289/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-289/rc
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Ltd. (Shanghai, China. The PCR amplification reaction 
system was 30 μL in total, containing 100 nG of genomic 
DNA, 1× PCR reaction buffer, 20 pmol forward primer, 
4 mmol dNTPs, and 1 U TaqDNA polymerase. The 
PCR amplification reaction program was as follows: DNA 
denaturation at 94 ℃ for 5 minutes, (94 ℃ 30 s) × 35 cycles, 
(64 ℃ 30 s) × 1 cycle, (72 ℃ 1 min) × 1 cycle, and after the 
cycle, 72 ℃ extension for 5 minutes (LineGene 9600 plus; 
Bioer Technology Co., Ltd., Hangzhou, China). The PCR 
products amplified by 5-HTTLPR were separated by 2% 
agarose gel electrophoresis, and the results were observed 
and photographed using an automatic gel imaging analysis 
system (FDR-980A; Shanghai Forri Technology Co., Ltd., 
Shanghai, China). After PCR amplification, the fragments 
of the target gene were divided into 528 and 484 bp. 
The 528 bp gene fragment was the L-type allele, and the  
484 bp gene fragment was the S-type allele. Through the 
law of inheritance, 3 genotypes could be obtained, namely, 
the LL, LS, and SS genotypes. As there is a clear difference 
between heterozygotes (LS) and homozygotes (LL/SS), and 
the target gene fragment is a tandem repeat sequence, the 
genotype of the PCR product could be directly identified 
from the electrophoresis gel.

Statistical analysis

Statistical analysis and graphing of data were performed 
using SPSS 21.0 statistical software (IBM Corp., Armonk, 
NY, USA) and GraphPad Prism 6.0 software (GraphPad 
Software Inc., San Diego, CA, USA). Goodness of fit chi-
square was used to calculate whether the distribution 
of 5-HTTLPR genotypes in each group conformed to 
Hardy-Weinberg equilibrium law. Enumeration data were 
expressed as percentages (%), and differences in patient 

characteristics and genotype frequency distribution were 
assessed by χ2 test (or Fisher’s exact test). All examinations were 
bilateral, and P<0.05 was considered statistically significant.

Results

Comparison of clinical baseline data of study participants

Preliminary analysis of clinical baseline data showed that 
there was no significant difference in gender and age 
between children with PTSD compared with children in 
the control group (all P>0.05); in addition, the CRIES score 
in the PTSD group (32.48±1.52) was significantly higher 
than that of the control group (18.75±1.68), and the MMSE 
score (18.25±1.95) was significantly lower than that of the 
control group (26.57±1.79) (all P<0.001). These results 
suggest that PTSD is associated with cognitive impairment 
in children, as shown in Table 2.

Hardy-Weinberg equilibrium test

The S allele of 5-HTTLPR is currently thought to 
increase an individual’s risk of developing PTSD (29). In 
order to study the relationship between 5-HTTLPR gene 
polymorphism and PTSD in children, we first detected the 
5-HTTLPR gene polymorphism in 120 children with PTSD 
by PCR, and then analyzed the distribution of 5-HTTLPR 
genotype by Hardy-Weinberg equilibrium test. The results 
showed that the theoretically expected numbers of LL, 
LS, and SS genotypes in the PTSD group were 3, 22, and 
35, respectively, while the actual observed numbers of LL, 
LS, and SS genotypes were 4, 20, and 36, respectively. 
Among 36 cases, with no statistical difference between the 
2 (P>0.05); for the control group, the theoretically expected 
numbers of LL, LS, and SS genotypes were 17, 30, and 

Table 2 Comparison of clinical baseline data between children with PTSD and children in the control group

Items PTSD group Control group P value

Gender, n 0.581

Male 32 35

Female 28 25

Age, years, mean ± SD 7.52±1.23 7.64±1.15 0.323

CRIES score, mean ± SD 32.48±1.52 18.75±1.68 <0.001

MMSE score, mean ± SD 18.25±1.95 26.57±1.79 <0.001

PTSD, post-traumatic stress disorder; CRIES, Children’s Revised Impact of Event Scale; MMSE, Mini Mental State Examination.
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13, respectively, while the actual observed LL, LS, and SS 
genotypes were 18, 28, and 14. The numbers of LL, LS 
and SS genotypes were 18, 28, and 14, respectively, and 
there was no statistical difference between them (P>0.05). 
The above results indicate that the genotype distribution of 
5-HTTLPR conforms to Hardy-Weinberg equilibrium and 
is representative of the population, as shown in Table 3.

Genotyping and gene frequency distribution of 5-HTTLPR 
polymorphisms

Further, we analyzed the genotyping and gene frequency 
distribution of 5-HTTLPR gene polymorphism. Through 
PCR detection, the 3 genotypes of LL, LS and SS were 
obtained after PCR amplification (Figure 1). Subsequently, 
we performed statistical analysis on the frequency 
distribution of LL, LS, and SS genotypes in the PTSD 
group and the control group. The results showed that in 
the PTSD group, 4 cases (6.67%), 20 cases (33.3%), and 36 

cases (60.00%) had LL, LS, and SS types, respectively, and 
in the healthy control group, there were 18 cases (30.00%), 
28 cases (46.67%), and 14 cases (23.33%) of children, 
respectively, and there was a statistical difference between 
the 2 groups (P<0.01). In terms of allele frequency, the L and 
S genes appeared in 23.33% and 76.67% of the PTSD group, 
respectively, while the L and S genes in the control group 
appeared in 53.33% and 46.67% of the healthy control group, 
respectively, with a statistically significant difference between 
the 2 groups (P<0.01), as shown in Table 4.

5-HTTLPR gene polymorphism is associated with cognitive 
function in PTSD

A previous study has shown that the 5-HTTLPR gene 
polymorphism is associated with cognitive function in 
PTSD patients (30). In order to explore whether the 
5-HTTLPR gene polymorphism is also related to cognitive 
impairment in children with PTSD, we analyzed the 
cognitive function of children with PTSD with the LL, 
LS, and SS genotypes. The results showed that the MMSE 
scores of children with the LS genotype (19.95±0.94) and 
SS genotype (16.94±1.37) were significantly lower than 
those of patients with the LL genotype (21.25±0.50) (both 
P<0.05). Meanwhile, the MMSE scores of children with 
SS genotype were also significantly lower than those of 
children with LS genotype (P<0.05). The above results 
indicate that the 5-HTTLPR genotype is associated with 
cognitive impairment in children with PTSD, and the S 
allele significantly increases the risk of cognitive impairment 
in children with PTSD, as shown in Table 5.

Discussion

Stressful events such as natural disasters and man-made 

Table 3 Hardy-Weinberg equilibrium test of 5-HTTLPR genotypes in PTSD group and control group

Groups Genotype Observed value Expected value χ2 P value

PTSD group LL 4 3 0.252 0.882

LS 20 22

SS 36 35

Control group LL 18 17 0.135 0.935

LS 28 30

SS 14 13

PTSD, post-traumatic stress disorder.

Figure 1 Detection results of PCR products of 5-HTTLPR gene 
polymorphisms. PCR, polymerase chain reaction.

M           LL         LS           SS

528 bp
484 bp

500 bp
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trauma are known to have a significant impact on people’s 
mental health and may lead to conditions such as PTSD and 
depression (31,32). In recent years, events such as the 2008 
Wenchuan earthquake (33) and the 2019 novel coronavirus 
pneumonia (34,35), have further heightened attention and 
research efforts on PTSD.

To date, there have been many research reports on 
PTSD and its pathogenesis, but the influencing factors of 
genetic factors on PTSD and PTSD cognitive function 
are still unclear. The genetic research of PTSD is still 
in its infancy, and it was confirmed by Koenen et al.’s in-
depth study on the gene polymorphism of FKBP5 and the 
hypothalamic-pituitary-adrenal (HPA) axis that the gene 
polymorphism of FKBP5 can participate in the HPA axis 
by affecting the activity of the glucocorticoid receptor, 
and can be used to predict the development of PTSD (36). 
Mustapić et al. found that the CC genotype of dopamine 
beta-hydroxylase (DBH), an enzyme that catalyzes the 
conversion of dopamine to norepinephrine, was associated 
with lower DBH in a subset of veterans diagnosed with 
PTSD. There was an association between activity, but no 
significant association between DBH gene polymorphisms 
and veterans (37). However, in a study of polymorphisms 
within the NPY gene, no association was found with the 
diagnosis of PTSD (38). In addition, another study reported 
that the D2A1 allele in the DRD2 gene was significantly 

associated with the diagnosis of PTSD (39), and another 
study found that the DRD2 allele was not associated with 
PTSD of trauma exposure, possibly with the unassessed 
control group (40). Since then, a significant association 
between the D2A1 allele and PTSD in those individuals 
with PTSD who engaged in harmful drinking, and the 
existence of different polymorphisms in the DRD2 gene and 
PTSD in veterans’ significant association. Another study 
reported a significant association between polymorphisms 
in the dopamine transporter SLC6A3 gene and chronic 
PTSD versus trauma-exposed controls (41). The genes 
studied above all explain the pathogenesis of PTSD through 
dopamine affecting the amygdala, thereby affecting the 
limbic-frontal neural circuit.

In addition, researchers have also found that 5-HTT 
plays a crucial role in the study of limbic-frontal neural 
circuits (42); many studies have also focused on the activation 
of serotonin transporter (5-HTTLPR) polymorphisms in 
subregions in which the short (S) allele has been shown to 
reduce the transcriptional efficiency of the 5-HTT gene 
promoter (43,44). Studies have shown that the 5-HTTLPR 
gene polymorphism is associated with obstructive sleep 
apnea (45), female obsessive-compulsive disorder (46), 
postpartum depression (47), anorexia nervosa (48),  
and autism spectrum disorder (49) closely related. In 
addition, one study has demonstrated an increased risk of 

Table 4 Comparison of genotype and allele between PTSD group and control group (N=60)

Groups
Genotype frequency Allele frequency

LL LS SS L S

PTSD group, n (%) 4 (6.67%) 20 (33.33%) 36 (60.00%) 28 (23.33%) 92 (76.67%)

Control group, n (%) 18 (30.00%) 28 (46.67%) 14 (23.33%) 64 (53.33%) 56 (46.67%)

χ2 19.92 22.84

P-value <0.01 <0.01

PTSD, post-traumatic stress disorder.

Table 5 Association of 5-HTTLPR gene polymorphisms with cognitive function in children with PTSD

Genotype N MMSE score Pa Pb

LL 4 21.25±0.50 – –

LS 20 19.95±0.94 0.003 –

SS 36 16.94±1.37 <0.001 <0.001

The independent sample unpaired t-test was used for the comparison between the two groups. Pa means LS vs. LL/SS vs. LL; Pb means 
SS vs. LS. P<0.05 means the difference is statistically significant. PTSD, post-traumatic stress disorder.
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migraine in European women with the S allele (50). The 
study by Lee et al. found that the SS genotype was excessive 
in the Korean PTSD patient population relative to the 
control group (51), which further promoted Kilpatrick  
et al. (52) to study the correlation between 5-HTTLPR gene 
polymorphism and PTSD. In a study of adults exposed to 
Florida hurricanes, those with SS genotypes were found to 
be at higher risk of developing PTSD among participants 
exposed to high-stress environments (high exposure vs. 
hurricane and low social support) (52). Another study in 
this population found a significant interaction between 
the 5-HTTLPR genotype and county-level environment, 
such that the S allele was associated with reduced PTSD 
risk in low-risk environments (low county-level crime 
and unemployment) related, but to increase the risk of 
PTSD in high-risk settings (53). These studies have 
shown that PTSD is more likely to occur in individuals 
with heterozygous SL or homozygous SS genes than 
homozygous LL genes.

Patients with PTSD patients have shown significant 
differences in behavioral levels, including attention, 
executive ability, and memory (4). This study focused on 
the relationship between 5-HTTLPR gene polymorphism 
and cognitive function in children with PTSD. Through 
the analysis of 5-HTTLPR gene polymorphism in 60 Han 
children with PTSD and 60 healthy children, it was found 
that there were significant differences in genotype, gene 
frequency, and cognitive function between the 2 groups. 
In addition, among the children with PTSD, the cognitive 
function assessment scores of the children with LS and 
SS genotypes were significantly lower than those of the 
children with the LL genotype. This indicated that the 
5-HTTLPR gene polymorphism was related to the cognitive 
function of children with PTSD, which also indicated that 
the 5-HTTLPR gene polymorphism was related to PTSD. 
The PCR results of 5-HTTLPR showed that the proportion 
of the S allele was significantly more than that of the L 
allele (S=76.67%; L=23.33%), and the genotypes SS and LS 
alleles were significantly dominant, which was consistent 
with previously reported results. The results of the Chinese 
Sichuan Han population (S=85.0%; L=15.0%) (33) were 
basically consistent, indicating that for the Chinese Han 
population, the allele S and genotype SS have a higher 
proportion in these populations, while 5- the “S” allele 
of HTTLPR gene polymorphism may be an important 
influencing factor of cognitive dysfunction in Han PTSD 
patients. However, it is related to the “S” of the 5-HTTLPR 
gene polymorphism in the Tibetan population (S=53.1%; 

L=46.9%) (15) and the European and American population 
(S=42.86%; L=53.76%) (54). There are large differences 
in alleles, so the effect of ethnic background needs to be 
considered in the subsequent research on 5-HTTLPR gene 
polymorphism.

This study had some limitations. The first is that we did 
not analyze the relationship between genetic polymorphisms 
and symptom development. This may require longer 
follow-up of patients. Second, we did not analyze 
the relationship between genetic polymorphisms and 
environment. Elucidating gene-environment correlations 
can increase the clinical applicability of the conclusions. 
Finally, the research cohort comprised only Chinese Han 
children. For children of other ethnic groups or countries, 
the relationship between 5-HTTLPR gene polymorphism 
and cognitive dysfunction in PTSD patients is still unclear. 
At the same time, the specific loci of 5-HTTLPR gene 
polymorphism and the relationship between 5-HTTLPR 
gene polymorphism and resting-state brain functional 
characteristics of PTSD children were not studied. 
Therefore, based on the 5-HTTLPR polymorphism, further 
exploration of the genetic mechanism of PTSD treatment 
in children of other races or countries will be carried out in 
the future.
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