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INTRODUCTION

Tic disorders are childhood-onset neurodevelopmental 
disorders characterized by a wide range of clinical manifes-
tations depending on the type and duration of tics. Tourette 
syndrome (TS) is diagnosed when multiple motor tics and 
one or more vocal tics have been present for more than one 
year, whereas chronic tic disorder (CTD) is diagnosed when 
only one type (either motor or vocal but not both) of tic has 
been present for more than one year [1]. The unique nature 

of the clinical course makes TS and CTD highly heteroge-
neous and complex. The age of onset is typically 4–6 years, 
reaching peak severity at approximately 10–12 years of age. 
Following a gradual decline after its peak, symptoms im-
prove significantly and complete remission is possible by 
early adulthood [2]. Furthermore, the severity and frequen-
cy of tics wax and wane along the course with various exac-
erbating and alleviating factors [2,3]. For these reasons, a 
wide range of prevalence has been reported for TS and CTD, 
depending on the studies’ sample sizes, study populations, 
diagnostic criteria, and methodologies [4-7]. A recent system-
atic review and meta-analysis reported a population prev-
alence of 0.52% for TS [5] and 1.61% for CTD in the general 
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school-age population [6]. Moreover, a marginally lower prev-
alence of TS and CTD has been reported in the Korean school-
age population (0.27% and 1.42%, respectively) [8]. 

The etiology of TS is highly complex and multifactorial [9]. 
Several twin and family studies as well as recent advances in 
genetic studies have established that TS has a strong genetic 
component with high heritability and polygenic inheritance 
[2,10]. However, despite the high heritability estimate of 77% 
reported in a recent family study, the authors concluded that 
non-shared environmental factors may explain the remain-
ing non-genetic component of the etiology [11]. Therefore, 
complex interactions between polygenic and environmental 
factors have been suggested to account for such heteroge-
neous clinical manifestations and the complex etiology of TS.

Since the idea of non-genetic factors contributing to the 
pathophysiology of TS was first speculated, a large number 
of studies have investigated the potential environmental fac-
tors with particular attention to pre- and perinatal risk fac-
tors [12]. Maternal smoking, alcohol consumption, cannabis 
exposure during pregnancy, birth weight, gestational age, 
parity, number of prenatal visits, cesarean section, delivery 
complications, Apgar scores at 5 min after birth, younger ma-
ternal age, and older paternal age are reportedly associated 
with the onset of TS [13-20]. Other studies have also report-
ed the association of various pre- and perinatal factors with 
increased tic severity and common comorbidities, namely 
attention-deficit hyperactivity disorder (ADHD) and obses-
sive-compulsive disorder (OCD) [21-23]. While these find-
ings have undoubtedly highlighted the associations between 
environmental factors and the pathogenesis of TS, the results 
have been inconsistent. These studies were often limited by 
poor-quality methodology, including inappropriate statisti-
cal analyses, lack of control groups, and limited number of 
factors investigated [12,15]. Furthermore, to our knowledge, 
no study has explored these potential risk factors in a Korean 
population, where genetic and cultural backgrounds differ 
from those in Western and other Asian populations. There-
fore, this study aimed to examine the association of clinically 
diagnosed TS and CTD with exposure to various pre- and 
perinatal risk factors in school-age children in Korea. Based 
on the existing evidence, we hypothesized that the pre- and 
perinatal risk factors reported in the literature, as well as any 
novel adverse exposures that could potentially impact the 
brain’s neurocircuit development during this period, would 
be associated with TS and CTD in this population.

METHODS

Participants
This case-control study utilized data from a large prospec-

tive cohort study to develop diagnostic and evaluation tech-
niques using biomarkers based on brain networks in neuro-
developmental disorders. This study was granted ethical 
approval by the Institutional Review Board of the Medical 
Research Ethics Committee of the Seoul National Universi-
ty Hospital (SNUH) (IRB no: 1507-118-690, 2008-116-1150). 
The cases and controls were selected from the original co-
hort enrolled between January 2016 and December 2020. For 
the TS/CTD group, 6–18-year-old children attending the 
child and adolescent psychiatry clinic of a university-affili-
ated hospital (SNUH) were eligible. The inclusion criteria 
were clinical diagnosis of TS or CTD, no other psychiatric 
comorbidities, no previous medication or less than 1 year 
duration of medication and having been medication-free in 
the 4 months preceding enrolment, and an intelligence quo-
tient (IQ) of 70 or above. For the control group, advertise-
ments for recruitment were posted throughout the hospital 
and regional community mental health service centers. The 
range of eligible age for the control group in the original co-
hort included marginally lower age (2–18 years old) com-
pared to the TS/CTD group (6–18 years old). Despite this el-
igible age difference, the original cohort’s control group was 
used to prevent potential selection biases, and any resulting 
mean age difference between the two groups was to be in-
cluded as a confounder in the analyses. Other inclusion cri-
teria were the absence of clinical diagnoses of any neuropsy-
chiatric disorder or evidence of prominent developmental 
delay, and an IQ of 70 or above. Children with diagnoses of 
congenital genetic disorder, acquired brain injury including 
cerebral palsy, convulsive or other neurological disorders, 
schizophrenia, psychotic disorder, depressive or bipolar dis-
order, obsessive-compulsive disorder, language or severe 
learning disorder, and an IQ of less than 70 were excluded. 
A clearly written information booklet explaining the pur-
pose and design of the study was provided, and a written in-
formed consent form was signed by both the participants 
and their parents. 

Primary outcome
The primary outcome of the study was the diagnosis of 

TS or CTD based on the Diagnostic and Statistical Manual 
of Mental Disorders, 5th edition (DSM-5) criteria [1] and 
Kiddie-Schedule for Affective Disorders and Schizophrenia-
Present and Lifetime Version- Korean Version (K-SADS-PL-
K). The K-SADS-PL is a semi-structured interview developed 
by Kaufman et al. [24] to determine the diagnosis and sever-
ity of 32 child-adolescent psychiatric disorders at present, as 
well as during the lifetime of the interviewee. The Korean 
version has robust reliability and validity in diagnosing ma-
jor child psychiatric disorders, including TS and CTD [25]. 
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All participants were assessed by child and adolescent psy-
chiatrists working at the hospital when they were first en-
rolled. Those who met either the DSM-5 criteria or the diag-
nostic threshold of the K-SADS-PL-K for TS or CTD were 
eligible for the TS/CTD group. Participants recruited for the 
control group were also examined using these criteria to ex-
clude any potentially undiagnosed psychiatric disorders, in-
cluding TS and CTD.

Predictor variables
Predictor variables were defined as potential prenatal and 

perinatal exposures associated with the onset, severity, and 
comorbidities of TS, as previously reported in the literature. 
In addition, any relevant exposures potentially involved in 
the pathogenesis of other neurodevelopmental disorders were 
included for comprehensive exploratory purposes. Informa-
tion about the predictor variables was obtained through ma-
ternal questionnaires at the time of enrollment. These ques-
tionnaires comprised five sections: demographics, parental 
health status, pregnancy, delivery, and child’s development. 
For this study, information regarding demographic data and 
pregnancy- and delivery-related events was extracted. For 
demographic data, age, sex, parental age and education lev-
el, socioeconomic status (SES), and family history of tics were 
included as potential covariates. Parental final education lev-
els were selected as more accurate measures of SES over self-
rated SES on a five-point scale with scores ranging from low 
to high, and the SES data were excluded from the covariates. 
In terms of prenatal exposure, the categorical variables ex-
amined were parity (first born vs. second or later child), mis-
carriage/abortion/stillbirth, medically assisted reproduction, 
intermittent/no antenatal visit, severe hyperemesis, negative 
pregnancy reaction, substance exposure during pregnancy 
(alcohol, tobacco, coffee, others as separate variables), medi-
cation exposure during pregnancy (any, antiemetics, antihy-
pertensives, miscarriage preventive medications, weight loss 
medications, vitamins, and over-the-counter medications), 
and pregnancy complications (any, fetal position, preterm/
premature rupture of membrane, vaginal bleeding, psycho-
social stress, minor complications including constipation/
lumbar pain/perineal infection/dyspepsia, etc.). The contin-
uous variables were paternal and maternal age at pregnancy. 
With regard to perinatal exposures, all variables were cate-
gorical with preterm (<37 weeks of gestation), post-term (>42 
gestational weeks), twin delivery, instrumental delivery (in-
cluding forceps or vacuum), cesarean section, low birth weight 
(<2500 g), use of incubator, maternal postpartum depression, 
and delivery complications (any, dystocia, umbilical cord 
complications, placental complications, and fetal cardiopul-
monary complications as separate variables).

Analyses
The differences between the TS/CTD and control groups 

in terms of demographic and predictor variables data were 
compared using the chi-squared or Fisher’s exact test as ap-
propriate for categorical variables and Student’s t-test for 
continuous variables. A two-step approach was adopted for 
further analyses of the association between TS/CTD and 
predictor variables. First, unadjusted univariable analyses 
were performed using binary logistic regression with the di-
agnosis of TS/CTD as the dependent variable and each po-
tential risk factor as an independent variable. Any significant 
differences in demographic data between the two groups 
were included as covariates in the adjusted univariable anal-
yses for each predictor variable.

For the second step of the analyses, predictor variables 
that exhibited trend-level (p<0.10) associations in the adjust-
ed univariable analyses were pooled into the final multivari-
able logistic regression model along with potential covari-
ates. Demographic data including sex, parental age, parental 
final education level, and family history of tics were also ex-
amined as confounders in the final model. Predictor vari-
ables that reached a statistically significant level in the final 
multivariable model were interpreted as putative risk factors 
for the diagnosis of TS or CTD. Finally, a post-hoc analysis 
was performed with a duration of maternal smoking longer 
than 10 years as an additional predictor variable in the final 
model to compensate for negative maternal smoking during 
pregnancy results in the entire sample. An arbitrary cutoff 
point of 10 years was determined by taking into account the 
mean ages of both groups; if the mother had smoked for lon-
ger than her child’s age, a higher chance of tobacco exposure 
during pregnancy could be posited. 

All statistical analyses were performed using IBM-SPSS 
version 26.0 (IBM Corp., Armonk, NY, USA), and the results 
of two-tailed tests were considered statistically significant at 
p values less than 0.05. Missing data were coded as missing 
values in the analyses. For the final multivariable logistic re-
gression, Hosmer-Lemeshow and Nagelkerke tests were used 
to determine the goodness-of-fit of the data. The results of 
univariable and multivariable logistic regression analyses 
were presented as odds ratios (ORs) with 95% confidence in-
tervals (CIs).

RESULTS

Demographic characteristics
A total of 243 eligible participants were identified from the 

original cohort. After the initial assessment, 18 children with-
out pre- and perinatal data and two children who did not 
meet the inclusion criteria were excluded. The final sample 
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of 223 children, consisting of 78 with TS or CTD and 145 
without tic disorders, was available for the study. Statistical-
ly significant differences in sex, mean parental age, parental 
final education levels, SES, and family history of tics were 
found between the two groups. The TS/CTD group had a 
significantly higher male ratio (71.8%) than the control group 
(56.6%) (p=0.03) (Table 1). Moreover, the same group had 
lower mean paternal and maternal ages of 46.53±4.35 vs. 
49.73±5.62 (p<0.01) and 43.42±4.64 vs. 47.12±4.86 (p<0.01), 
respectively, compared to those of the control group. The final 
education level for both parents was significantly higher in the 
TS/CTD group (university degree or higher, p<0.01), as was 
the self-rated SES (high, p<0.01). Lastly, the prevalence of a 
family history of tics was significantly higher in the TS/CTD 
group, as expected (p<0.01). The differences in demographic 
data between the two groups are summarized in Table 1. 

Univariable analyses
In univariable analyses, all potential pre- and perinatal risk 

factors were examined first without adjustments for covari-
ates. These analyses were then repeated for each risk factor, 
with sex, parental age, parental final education level, and fam-
ily history of tics as covariates in the adjusted analyses. For 
prenatal risk factors, both parity (second or later born) and 
previous miscarriage/abortion/stillbirth showed trend-level 
associations with a reduced risk of TS or CTD in the unad-
justed analyses (OR=0.57, 95% CI 0.31–1.04, p=0.07; OR= 
0.56, 95% CI 0.30–1.07, p=0.08, respectively) (Table 2). How-
ever, these associations were no longer significant after ad-
justing for the covariates. In contrast, negative reactions to 
pregnancy showed a trend-level association with an increased 
risk of TS/CTD, but was no longer significant after adjusting 
for the covariates (Table 2). Medically assisted reproduction 
showed a strong association with a high OR for TS/CTD in 
the unadjusted analysis and remained significant after ad-
justment, although the magnitude of OR was slightly reduced 
(OR=13.66, 95% CI 5.33–35.01, p<0.01, and OR=9.57, 95% 
CI 3.34–27.41, p<0.01, respectively). Notably, both older pa-
ternal and maternal age at pregnancy were nominally asso-
ciated with a higher risk of TS/CTD only after adjusting for 
covariates (most likely parental age). Lastly, exposure to an-
tiemetics for severe hyperemesis during pregnancy was sig-
nificantly associated with an increased risk of TS/CTD in 
the unadjusted analysis. However, this association was atten-
uated to trend-level significance after adjustment (OR=7.42, 
95% CI 1.53–35.91, p=0.01 and OR=5.14, 95% CI 0.95–27.71, 
p=0.06, respectively). 

Perinatal risk factors failed to show significant associa-
tions with the risk of TS or CTD, except for the two exposures. 
Incubator use immediately after birth was associated with a 
high OR for TS or CTD in the unadjusted analysis, and this 
association remained largely unchanged after adjusting for 
the covariates (OR=4.32, 95% CI 1.42–13.16, p=0.01; OR=4.46, 
95% CI 1.22–16.26, p=0.02, respectively). Interestingly, cesar-
ean delivery originally showed no significant association with 
the risk of TS/CTD in the unadjusted analysis, but a trend-
level association was noted after adjusting for the covariates 
(OR=2.06, 95% CI 0.96–4.37, p=0.06).

Multivariable analyses
In this final model, the demographic variables of male sex 

and a family history of tics remained nominally significant 
(OR=2.89, 95% CI 1.12–7.44, p=0.03 and OR=5.57, 95% CI 
1.31–23.69, p=0.02, respectively), but parental age and pa-
rental education level were no longer associated with TS or 
CTD. In terms of pre- and perinatal risk factors, medically 
assisted reproduction (OR=7.89, 95% CI 2.28–27.28, p=0.01) 
and antiemetic exposure during pregnancy (OR=16.61, 95% 
CI 1.49–185.22, p=0.02) consistently exhibited significant 

Table 1. Demographic comparison between control and TS/CTD 
group

Control
(n=145)

TS/CTD 
(n=78)

p value

Age (year)   9.16±3.16   9.09±2.30 0.85†

Sex, male 82 (56.6) 56 (71.8) 0.03
Paternal age (year) 49.73±5.62 46.53±4.35 ＜0.01
Maternal age (year) 47.12±4.86 43.42±4.64 ＜0.01
Paternal education level

Degree or higher 93 (66.4) 68 (90.7) ＜0.01
High school 44 (31.4) 7 (9.3) ＜0.01
Middle school 3 (2.1) 0 (0.0) 0.55‡

Primary school 0 (0) 0 (0) NA
No formal education 0 (0) 0 (0) NA

Maternal education level
Degree or higher 77 (54.6) 64 (86.5) ＜0.01
High school 43 (30.5) 10 (13.5) ＜0.01
Middle school 2 (1.4) 0 (0) 0.55‡

Primary school 3 (2.1) 0 (0) 0.55‡

No formal education 16 (11.3) 0 (0) ＜0.01
SES*

High 13 (9.1) 19 (24.7) ＜0.01
Middle 72 (50.3) 42 (54.5) 0.57
Low 58 (40.6) 16 (20.8) ＜0.01

Family history
Tic disorder 4 (3.0) 14 (18.2) ＜0.01

Data are presented as mean±standard deviation or n (%). *SES 
was originally self-rated according to 5 different levels but data 
was combined to represent three levels for the purpose of anal-
yses; †Equal variances not assumed; ‡Fisher’s exact test. TS, To-
urette syndrome; CTD, chronic tic disorders; SES, socioeconomic 
status 
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associations in this final model (Table 3). Both assisted re-
production and antiemetic exposure increased the odds of 
TS/CTD by 8–17-fold. In terms of post-hoc analysis, mater-
nal smoking duration longer than 10 years exhibited no sig-

nificant association with TS/CTD in the final multivariable 
model (OR=1.36, 95% CI 0.10–18.91, p=0.82), whereas other 
significant predictor variables except sex remained largely 
unchanged with family history of tics (OR=5.92, 95% CI 1.11–

Table 2. Univariable logistic regression of potential risk factors of Tourette syndrome or chronic tic disorders

Exposure
Unadjusted Adjusted*

OR (95% CI) p OR (95% CI) p

Prenatal risk factors
Parity 0.57 (0.31-1.04) 0.07 0.67 (0.31-1.41) 0.29
Miscarriage, abortion, stillbirth 0.56 (0.30-1.07) 0.08 0.76 (0.35-1.64) 0.49
Assisted reproduction 13.66 (5.33-35.01) ＜0.01 9.57 (3.34-27.41) ＜0.01
Paternal age at pregnancy 1.06 (0.99-1.14) 0.11 1.26 (1.11-1.44) ＜0.01
Maternal age at pregnancy 1.03 (0.95-1.10) 0.51 1.33 (1.15-1.54) ＜0.01
Intermittent or no antenatal visit 1.20 (0.63-2.32) 0.58 1.15 (0.52-2.54) 0.74
Hyperemesis 0.86 (0.49-1.50) 0.60 0.95 (0.48-1.88) 0.88
Negative pregnancy reaction 1.73 (0.99-3.03) 0.06 1.22 (0.62-2.42) 0.57
Substance exposure, any 1.27 (0.69-2.33) 0.44 0.95 (0.46-1.94) 0.88

Alcohol 3.56 (0.64-19.89) 0.15 3.21 (0.46-22.54) 0.24
Smoking N/A N/A
Coffee 1.18 (0.62-2.24) 0.61 0.85 (0.40-1.82) 0.68
Other substances 1.77 (0.55-5.70) 0.34 2.01 (0.51-7.95) 0.32

Medication exposure, any 1.20 (0.68-2.13) 0.53 1.01 (0.50-2.04) 0.98
Hyperemesis 7.42 (1.53-35.91) 0.01 5.14 (0.95-27.71) 0.06
Antihypertensive N/A N/A
Miscarriage 1.01 (0.35-2.91) 0.98 0.60 (0.17-2.07) 0.41
Weight gain N/A N/A
OTC 1.23 (0.69-2.22) 0.49 1.03 (0.50-2.09) 0.95

Pregnancy complications, any 1.59 (0.86-2.94) 0.14 1.41 (0.67-2.98) 0.36
Fetal position 1.39 (0.52-3.69) 0.51 1.03 (0.35-3.04) 0.95
PROM 2.02 (0.81-5.00) 0.13 1.45 (0.45-4.67) 0.53
Vaginal bleeding 0.66 (0.31-1.43) 0.29 0.64 (0.16-2.52) 0.52
Minor complications† 2.10 (0.62-7.11) 0.24 3.57 (0.75-16.87) 0.11
Psychological stress 1.56 (0.87-2.79) 0.13 1.40 (0.69-2.84) 0.35

Perinatal risk factors
Preterm 1.28 (0.35-4.67) 0.24 1.03 (0.26-4.14) 0.97
Post-term 1.75 (0.61-5.03) 0.30 1.46 (0.43-4.96) 0.55
Twin 0.60 (0.12-3.04) 0.54 N/A
Assisted delivery 1.36 (0.61-3.02) 0.46 0.97 (0.35-2.71) 0.96
Cesarean 1.21 (0.68-2.16) 0.52 2.06 (0.96-4.37) 0.06
LBW 1.42 (0.47-4.24) 0.54 0.84 (0.19-3.67) 0.81
Incubator 4.32 (1.42-13.16) 0.01 4.46 (1.22-16.26) 0.02
Maternal depression 1.06 (0.57-1.98) 0.85 1.29 (0.59-2.80) 0.52
Delivery complications, any 0.91 (0.43-1.94) 0.82 0.90 (0.37-2.16) 0.81

Dystocia 0.46 (0.14-1.44) 0.18 0.57 (0.16-2.04) 0.39
Umbilical cord problem 1.75 (0.34-8.90) 0.50 3.03 (0.42-21.65) 0.27
Placental problem 1.74 (0.34-8.83) 0.51 1.03 (0.18-5.95) 0.98
Cardiopulmonary complication N/A N/A

*adjusted for sex, paternal age, maternal age, paternal education level, maternal education level, family history of tics; †constipa-
tion, lumbar pain, perineal infection, dyspepsia etc. OR, odds ratio; CI, confidence interval; OTC, over the counter drugs; PROM, 
premature rupture of membrane; LBW: low birth weight
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31.57, p=0.04), assisted reproduction (OR=12.48, 95% CI 
2.80–55.58, p=0.01), and antiemetic exposure during preg-
nancy (OR=13.88, 95% CI 1.16–166.09, p=0.038) were still sig-
nificantly associated with TS/CTD in this model.

Sensitivity analysis
As mentioned earlier, the control group in this study had a 

marginally wider range of age inclusion criteria of 2–18 years 
as opposed to 6–18 years for the TS/CTD group. Given the 
typical onset of tic disorders at 4–6 years of age, the possibil-
ity of younger participants in the control group potentially 
developing tic symptoms at a later stage was considered. The 
results of the final multivariable model remained largely un-
changed after excluding 15 participants below the age of 6 
years in the control group. Male sex and family history of tics 
continued to show significant associations with TS/CTD 
(OR=4.10, 95% CI 1.30–12.91, p=0.016 and OR=5.22, 95% CI 
1.00–27.32, p=0.050, respectively), assisted reproduction (OR= 
8.09, 95% CI 1.77–36.93, p=0.007), and antiemetic exposure 
(OR=16.52, 95% CI 1.22–223.13, p=0.035) in terms of predic-
tor variables. Similarly, no other variables in the model exhib-
ited nominally significant associations with the TS/CTD.

DISCUSSION

The results of this study demonstrate that early life expo-
sure, even as early as conception, is significantly associated 
with the risk of tic disorders. After adjusting for relevant con-
founders, antiemetic exposure during pregnancy, and medi-

cally assisted reproduction were the only risk factors associ-
ated with TS or CTD. Tic disorders are highly heritable condition 
supported by the previous genetic studies [2,10] and signifi-
cantly higher family history of tics in TS/CTD group in this 
study. The male preponderance in the TS/CTD group in our 
study conforms with most of the previous prevalence studies 
reporting a male-to-female ratio of approximately 3 to 4:1 
[4,6], which also supports the notion of a high genetic com-
ponent of tic disorders. However, growing evidence suggests 
environmental factors play a significant role in the pathogen-
esis of tic disorders as mentioned earlier [9,12,26]. Among the 
myriad potential environmental factors, this study failed to 
show any significant associations between TS/CTD and pa-
rental age or educational level. This is consistent with the find-
ings of a recent systematic review and meta-analysis by Chao 
et al. [12], who concluded that the majority of results for the 
demographic factors of parents were not associated with the 
risk of TS [12]. Regarding the prenatal risk factors found in 
this study, previous studies have reported associations be-
tween maternal medication use during pregnancy and the 
severity of TS or comorbid ADHD/OCD [13,21] but not many 
have reported an association with the risk of tic disorders. 
One case-control study reported that severe hyperemesis re-
quiring medical attention was significantly associated with 
the presence of CTDs compared with unaffected controls 
[27]. This conforms with the findings of this study, wherein 
exposure increased the risk of TS/CTD by approximately 16- 
to 17-fold. However, this result should be interpreted with 
caution, as the number of mothers exposed to antiemetics 
during pregnancy was relatively small, resulting in a wide 95% 
CI, suggesting that the sample size might have been under-
powered. Despite this, the abovementioned study had a total 
sample size of 1113 participants with 586 children with CTD, 
which is a remarkably larger sample size than this study [27]. 
Another significant finding in this study, which has not been 
reported before, was that children born after assisted repro-
duction therapy were significantly associated with a higher 
risk of TS/CTD than were spontaneously conceived children. 
Few studies have assessed neurodevelopmental outcomes in 
this population, with inconsistent results. However, one pro-
spective register-based cohort study also found that the risk 
of tic disorders was higher in children born after fertility treat-
ment than that in spontaneously conceived children, which 
is consistent with the findings of this study [28]. 

Notably, the sample of this study exhibited no significant 
associations between all other previously reported pre- and 
perinatal risk factors with TS/CTD. These findings are fur-
ther supported by previous studies that found no significant 
association between maternal smoking [15,17,18,27], low birth 
weight [15,18,27], gestational age [15,18], and delivery com-

Table 3. Multivariable adjusted logistic regression model of risk fac-
tors for tic disorders

Exposure
Adjusted OR 
(95% CI)

p

Sex, male 2.89 (1.12-7.44) 0.03
Paternal age 0.94 (0.64-1.39) 0.76
Maternal age 0.80 (0.53-1.22) 0.30
Paternal education level 2.69 (0.76-9.44) 0.12
Maternal education level 2.35 (0.82-6.72) 0.11
Family history of tics 5.57 (1.31-23.69) 0.02
Assisted reproduction 7.89 (2.28-27.28) 0.01
Paternal age at pregnancy 1.13 (0.75-1.70) 0.56
Maternal age at pregnancy 1.18 (0.76-1.81) 0.47
Hyperemesis medication 
  exposure

16.61 (1.49-185.22) 0.02

Cesarean delivery 1.36 (0.52-3.59) 0.54
Incubator usage 0.91 (0.16-5.12) 0.92
All variables are mutually adjusted for each other in the model. 
Nagelkerke R2, p=0.56; Hosmer-lemeshow, p=0.46. This model 
classified 78.0% of the population (22% missing cases, 83.3% tic 
group, 75.2% control group). OR, odds ratio; CI, confidence in-
terval
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plications [15,27]. In this study, parity, previous miscarriage/
abortion/stillbirth, and negative reactions to pregnancy all 
exhibited trend-level associations with TS/CTD, but were 
no longer significant after the adjustments for confounders. 
These findings suggest that the previously reported associa-
tions between these factors might have been confounded by 
unmeasured demographic variables. Interestingly, cesarean 
delivery was no longer a significant risk factor in the final ad-
justed model, which incorporated maternal age at pregnan-
cy as a covariate. A study that reported a significant associa-
tion did not consider maternal age at pregnancy as a potential 
confounder, which might have affected their results [14]. 

These early adverse exposures are thought to exert “orga-
nizational effects” on the development of brain networks in-
volved in the clinical manifestations of tics. Numerous en-
vironmental factors can potentially significantly affect the 
organization of crucial neural pathways involved in the patho-
genesis of tic disorders [9]. Although the mechanisms in-
volved in each of these individual environmental factors re-
main to be elucidated, recent studies have suggested putative 
epigenetic mechanisms underlying these complex and dy-
namic interactions [26]. Epigenetic modifications through 
DNA methylation and histone modifications occur through-
out development before acquiring adult profiles of the ge-
nome, and these modifications are influenced by constantly 
changing environmental factors [26]. Therefore, these mod-
ifications can alter the expression of genes involved in crucial 
neural circuits (i.e., cortico-striato-thalamo-cortical circuits) 
and neurotransmitters (dopamine, glutamate, GABA, etc.) 
that are considered to play major roles in the pathogenesis of 
tic disorders [2]. 

Strengths and limitations
This study examined a wide range of potential pre- and 

perinatal risk factors involved in the pathogenesis of tic dis-
orders. To our knowledge, this is the first comprehensive study 
to examine such a number of risk factors in Korean school-
age children. Furthermore, several important confounders 
that could have influenced the interpretation of the results 
were considered in our analyses, including genetic factors 
(sex and family history of tics). Our two-step analyses allowed 
us to identify each risk factor and incorporate it into a single 
model that mutually adjusted for potential confounding with 
one another. Nevertheless, this study had a few limitations. 
First and most importantly the study was retrospective, with 
pre- and perinatal information obtained from maternal ques-
tionnaires being subject to recall biases. However, Rice et al. 
[29] compared the agreement between maternal reports and 
antenatal records for a range of pre- and perinatal factors and 
concluded that maternal reports were accurate for most of 

these events [29]. Similarly, Chao et al. [12] also reported no 
difference in strength of association between studies using 
birth certificate data and maternal retrospective recall mem-
ory. Second, none of the mothers answered “yes” to smoking 
exposure during pregnancy, which limited our ability to an-
alyze this highly debated risk factor in this population. One 
study found a significant discrepancy between self-reported 
and chemically verified (cotinine) smoking prevalence among 
Korean women, with more than half of smoking women un-
derreporting in self-reports [30]. This underestimation is 
most likely due to the stigma of female smokers viewed as 
socially unacceptable in Korean culture [30]. Furthermore, 
the underreporting of mothers, especially self-preventable 
adverse exposures during pregnancy, could have been a ma-
jor source of discrepancy, if any, rather than a recall bias, in 
populations from Korean or similar cultures. We attempted 
to compensate for this limitation by conducting a post-hoc 
analysis using maternal health behavior data obtained from 
the original cohort, which yielded no significant association 
with the risk of TS/CTD. Lastly, uncovering the underlying 
mechanisms for these risk factors in the pathogenesis of tic 
disorders was beyond the scope and design of this study.

CONCLUSION

This case-control study in Korean school-age children dem-
onstrated the potential prenatal risk factors for TS or CTD. 
Antiemetic exposure during pregnancy and medically as-
sisted reproduction were significantly associated with TS/
CTD in the final adjusted model. Further prospective stud-
ies comparing the risk factors in two different clinical and 
community-based samples are needed to confirm these re-
sults. In addition, well-designed gene-by-environment and 
epigenetic studies with large sample sizes are warranted to 
investigate the complex pathophysiology of tic disorders.

Availability of Data and Material

The datasets generated or analyzed during the study are available 
from the corresponding author on reasonable request.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Author Contributions
Conceptualization: Byung-Nyun Kim, Soon-beom Hong, Johanna 

Inhyang Kim, Jung Lee. Data curation: Wooseok Choi, Soon-beom Hong, 
Johanna Inhyang Kim, Jung Lee, Sumin Kim, Mee Rim Oh. Formal anal-
ysis: Wooseok Choi, Soomin Jang, Yebin D Ahn, You Bin Lim. Funding 
acquisition: Bung-Nyun Kim, Soon-beom Hong, Johanna Inhyang Kim, 
Jung Lee, Sumin Kim, Mee Rim Oh. Investigation: Wooseok Choi, Soomin 
Jang, Yebin D Ahn. Methodology: Bung-Nyun Kim, Wooseok Choi, Soomin 
Jang, Yebin D Ahn, You Bin Lim. Project administration: Bung-Nyun Kim, 
Soon-beom Hong, Johanna Inhyang Kim, Jung Lee, Soomin Jang, Yebin D 
Ahn, You Bin Lim, Sumin Kim, Mee Rim Oh. Resources: Bung-Nyun Kim, 



44

Risk Factors of Tic Disorders in Children

Soomin Jang, Yebin D Ahn, You Bin Lim, Sumin Kim, Mee Rim Oh. Soft-
ware: Wooseok Choi, Sumin Kim, Mee Rim Oh. Supervision: Bung-Nyun 
Kim. Validation: Bung-Nyun Kim. Visualization: Wooseok Choi. Wirit-
ing—original draft: Wooseok Choi. Writing—review&editing: Bung-Nyun 
Kim, Wooseok Choi.

ORCID iDs
Wooseok Choi https://orcid.org/0000-0001-9985-6818
Soon-beom Hong https://orcid.org/0000-0003-1030-0763
Johanna Inhyang Kim https://orcid.org/0000-0002-2367-0934
Jung Lee https://orcid.org/0000-0001-8074-105X
Soomin Jang https://orcid.org/0000-0003-3515-7211
Yebin D Ahn https://orcid.org/0000-0001-9566-5555
You Bin Lim https://orcid.org/0000-0002-0829-2656
Sumin Kim https://orcid.org/0000-0001-8754-9482
Mee Rim Oh https://orcid.org/0000-0001-7529-4275
Bung-Nyun Kim https://orcid.org/0000-0002-2403-3291

Funding Statement
This research was supported by the National Research Founda-

tion of Korea (NRF) grant funded by the Korea government (MSIT) 
(No. NRF-2020M3E5D9080787).

REFERENCES
1) American Psychiatric Association. Diagnostic and Statistical Man-

ual of Mental Disorders. 5th ed. Arlington, VA: American Psychiat-
ric Association;2013.

2) Robertson MM, Eapen V, Singer HS, Martino D, Scharf JM, Pas-
chou P, et al. Gilles de la Tourette syndrome. Nat Rev Dis Primers 
2017;3:16097.

3) Ueda K, Black KJ. A comprehensive review of Tic disorders in chil-
dren. J Clin Med 2021;10:2479.

4) Centers for Disease Control and Prevention (CDC). Prevalence of 
diagnosed Tourette syndrome in persons aged 6-17 years - United 
States, 2007. MMWR Morb Mortal Wkly Rep 2009;58:581-585.

5) Scharf JM, Miller LL, Gauvin CA, Alabiso J, Mathews CA, Ben-
Shlomo Y. Population prevalence of Tourette syndrome: a system-
atic review and meta-analysis. Mov Disord 2015;30:221-228.

6) Knight T, Steeves T, Day L, Lowerison M, Jette N, Pringsheim T. 
Prevalence of tic disorders: a systematic review and meta-analysis. 
Pediatr Neurol 2012;47:77-90.

7) Robertson MM. The prevalence and epidemiology of Gilles de la 
Tourette syndrome. Part 1: the epidemiological and prevalence 
studies. J Psychosom Res 2008;65:461-472.

8) Kim BN. Prevalence and risk factors of psychiatric disorders in 
child and adolescent population -school based research- [Internet]. 
Sejong: Ministry of Health and Welfare [cited 2022 May 9]. Avail-
able from: https://scienceon.kisti.re.kr/commons/util/origi-
nalView.do?cn=TRKO201800042948&dbt=TRKO&rn=.

9) Hoekstra PJ, Dietrich A, Edwards MJ, Elamin I, Martino D. Envi-
ronmental factors in Tourette syndrome. Neurosci Biobehav Rev 
2013;37:1040-1049.

10) Paschou P. The genetic basis of Gilles de la Tourette syndrome. 
Neurosci Biobehav Rev 2013;37:1026-1039.

11) Mataix-Cols D, Isomura K, Pérez-Vigil A, Chang Z, Rück C, Lars-
son KJ, et al. Familial risks of Tourette syndrome and chronic tic 
disorders: a population-based cohort study. JAMA Psychiatry 2015; 
72:787-793.

12) Chao TK, Hu J, Pringsheim T. Prenatal risk factors for Tourette syn-
drome: a systematic review. BMC Pregnancy Childbirth 2014;14:53.

13) Motlagh MG, Katsovich L, Thompson N, Lin H, Kim YS, Scahill L, 
et al. Severe psychosocial stress and heavy cigarette smoking dur-

ing pregnancy: an examination of the pre- and perinatal risk fac-
tors associated with ADHD and Tourette syndrome. Eur Child Ad-
olesc Psychiatry 2010;19:755-764.

14) Cubo E, Hortigüela M, Jorge-Roldan S, Ciciliani SE, Lopez P, 
Velasco L, et al. Prenatal and perinatal morbidity in children with 
tic disorders: a mainstream school-based population study in cen-
tral Spain. Tremor Other Hyperkinet Mov (N Y) 2014;4:272.

15) Mathews CA, Scharf JM, Miller LL, Macdonald-Wallis C, Lawlor 
DA, Ben-Shlomo Y. Association between pre- and perinatal expo-
sures and Tourette syndrome or chronic tic disorder in the ALSPAC 
cohort. Br J Psychiatry 2014;204:40-45.

16) Leckman JF, Price RA, Walkup JT, Ort S, Pauls DL, Cohen DJ. 
Nongenetic factors in Gilles de la Tourette’s syndrome. Arch Gen 
Psychiatry 1987;44:100.

17) Brander G, Rydell M, Kuja-Halkola R, Fernández de la Cruz L, Li-
chtenstein P, Serlachius E, et al. Perinatal risk factors in Tourette’s 
and chronic tic disorders: a total population sibling comparison 
study. Mol Psychiatry 2018;23:1189-1197.

18) Leivonen S, Voutilainen A, Chudal R, Suominen A, Gissler M, 
Sourander A. Obstetric and neonatal adversities, parity, and To-
urette syndrome: a nationwide registry. J Pediatr 2016;171:213-219.

19) Burd L, Severud R, Klug MG, Kerbeshian J. Prenatal and perinatal 
risk factors for Tourette disorder. J Perinat Med 1999;27:295-302.

20) Khalifa N, von Knorring AL. Tourette syndrome and other tic dis-
orders in a total population of children: clinical assessment and back-
ground. Acta Paediatr 2005;94:1608-1614.

21) Mathews CA, Bimson B, Lowe TL, Herrera LD, Budman CL, Eren-
berg G, et al. Association between maternal smoking and increased 
symptom severity in Tourette’s syndrome. Am J Psychiatry 2006; 
163:1066-1073.

22) Bos-Veneman NG, Kuin A, Minderaa RB, Hoekstra PJ. Role of 
perinatal adversities on tic severity and symptoms of attention def-
icit/hyperactivity disorder in children and adolescents with a tic 
disorder. J Dev Behav Pediatr 2010;31:100-106.

23) Pringsheim T, Sandor P, Lang A, Shah P, O’Connor P. Prenatal and 
perinatal morbidity in children with Tourette syndrome and atten-
tion-deficit hyperactivity disorder. J Dev Behav Pediatr 2009;30: 
115-121.

24) Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. 
Schedule for affective disorders and schizophrenia for school-age 
children-present and lifetime version (K-SADS-PL): initial reli-
ability and validity data. J Am Acad Child Adolesc Psychiatry 
1997;36:980-988.

25) Kim YS, Cheon KA, Kim BN, Chang SA, Yoo HJ, Kim JW, et al. 
The reliability and validity of kiddie-schedule for affective disor-
ders and schizophrenia-present and lifetime version- Korean ver-
sion (K-SADS-PL-K). Yonsei Med J 2004;45:81-89.

26) Pagliaroli L, Vető B, Arányi T, Barta C. From genetics to epi-
genetics: new perspectives in Tourette syndrome research. Front 
Neurosci 2016;10:277.

27) Abdulkadir M, Tischfield JA, King RA, Fernandez TV, Brown LW, 
Cheon KA, et al. Pre- and perinatal complications in relation to To-
urette syndrome and co-occurring obsessive-compulsive disorder 
and attention-deficit/hyperactivity disorder. J Psychiatr Res 2016; 
82:126-135.

28) Bay B, Mortensen EL, Hvidtjørn D, Kesmodel US. Fertility treat-
ment and risk of childhood and adolescent mental disorders: reg-
ister based cohort study. BMJ 2013;347:f3978.

29) Rice F, Lewis A, Harold G, van den Bree M, Boivin J, Hay DF, et 
al. Agreement between maternal report and antenatal records for 
a range of pre and peri-natal factors: the influence of maternal and 
child characteristics. Early Hum Dev 2007;83:497-504.

30) Jung-Choi KH, Khang YH, Cho HJ. Hidden female smokers in 
Asia: a comparison of self-reported with cotinine-verified smoking 
prevalence rates in representative national data from an Asian pop-
ulation. Tob Control 2012;21:536-542.

https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=TRKO201800042948&dbt=TRKO&rn=
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=TRKO201800042948&dbt=TRKO&rn=

