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a b s t r a c t

Increased attention has been paid to tic disorders clinically, yet relatively few studies have probed po-
tential factors that account for the occurrence of tic disorders in the general population. In this study, we
used data derived from the Taiwan’s National Health Insurance Research Database to examine an array of
factors related to the diagnosis of tic disorders and to further probe gender heterogeneity in clinical
manifestation. Poisson regression analyses were applied to model the effects of birth cohort, period, and
age, separately, on tic disorders. A total of 880 newly diagnosed tic disorders were identified from 2002
to 2009 among 100,516 youngsters in the study dataset who were born between 1997 and 2005. The
results showed that a significant increase in the adjusted incidence rate ratio (IRR) was observed when
age increased, with the highest adjusted IRR found at age 8e9 years. Compared to the time period from
2002 to 2005, an elevated IRR was found in the time period from 2006 to 2009 (adjusted IRR: 1.37; 95%
CI: 1.05e1.80). Boys tended to be more likely to receive their initial diagnosis from psychiatrists and have
higher comorbid attention-deficit/hyperactivity disorder (ADHD), as compared with their girl counter-
parts. In conclusion, the findings indicate that the effects of age and period, respectively, influence the
occurrence of newly diagnosed tic disorders. Gender difference and higher frequent comorbid ADHD in
boys than in girls were observed in this study.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Tic disorders are complex neuropsychiatric disorders and
composed of four syndromes including: chronic tic disorder (CTD),
transient tic disorder (TTD), Gilles de la Tourette disorder (GTD) and
tic disorder not otherwise specified (NOS) (American Psychiatric
Association, 2000). The common phenomena of tic disorders
include repetitive involuntary movements of phonic tics and motor
tics, and behavior problems (Swain and Leckman, 2003). The re-
ported prevalence of tic disorders ranges widely from 0.5% to 24.4%
(Nomoto andMachiyama, 1990; Robertson, 2006a; Robertson et al.,

2009). The variation of reported prevalence in tic disorders may be
due to methodological differences such as different sample pop-
ulations, different study designs, various diagnosis assessments,
and different study age groups, etc. For example, a survey con-
ducted in Swedish school children aged 7e15 years showed that
the prevalence rate of tic disorders was 6 per 1000 (Khalifa and von
Knorring, 2005). However, Olfson and collegaues, using claims data
in the U.S., reported that the estimated annual prevalence rate of
any tic disorder was 1.19 per 1000 in publicly insured youths and
1.04 per 1000 in privately insured youths (Olfson et al., 2011).

It has been reported that tic disorders are more common in
childhood than in adulthood. Age of onset of tic disorders generally
occurs between 4 and 6 years and the worst period is between 10
and 12 years (Leckman et al., 1998). Clinical symptoms of tic dis-
orders often wax and wane over time while clinical manifestations
begin to decline as an individual enters early adulthood (Bloch and
Leckman, 2009). In addition to age of onset, both clinical and
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epidemiological studies demonstrate that male gender is pre-
dominant in tic disorders across different countries (Robertson,
2008a; Khalifa and von Knorring, 2003; Jin et al., 2005), with
estimated male-to-female ratio of tic disorders approximately from
2:1 to 4:1 (Swain and Leckman, 2003; Snider et al., 2002).

It has also been noted that subjects with tic disorders were often
comorbid with other psychiatric disorders such as attention-
deficit/hyperactivity disorder (ADHD), obsessiveecompulsive be-
haviors (OCB) and disorder (OCD), and depression (Robertson,
2000, 2006b). In particular, ADHD, the most frequently encoun-
tered psychiatric condition in children and adolescents, has been
reported to co-occur in 30% of subjects with tic disorders
(Sukhodolsky et al., 2003; Rothenberger et al., 2007; Simpson et al.,
2011). Other than psychiatric disorders, previous studies have
linked tic disorders to some physical disorders such as allergic
diseases (Ho et al., 1999; Chang et al., 2011). For example, Chang
et al. have suggested that children with tic disorders have an
increased risk of asthma, atopic dermatitis and allergic conjuncti-
vitis, respectively (Chang et al., 2011).

At present, most previous studies of tic disorders have reported
prevalence rates mainly from western countries (Martino et al.,
2009; Knight et al., 2012); limited population-based studies have
been conducted to investigate incidence rates and possible
explanatory factors (such as age, gender, period and birth cohort),
particularly in non-western societies. In addition, evidence per-
taining to clinical profiles of children with tic disorders was mainly
from clinical sample, such information for those with newly diag-
nosed tic disorders, which may provide a better understanding of
help-seeking process and healthcare needs, is generally lacking. In
the present study, an attempt has been made to examine factors
related to the occurrence of newly diagnosed tic disorders among a
group of children born between 1997 and 2005 over a 10-year
study period, and to probe potential gender variation in the clin-
ical profile.

2. Methods

2.1. Study population

The data used in this study were obtained from Taiwan’s Na-
tional Health Insurance Research Database (NHIRD). The NHIRD is
derived from the National Health Insurance Program (NHIP). In
detail, the NHIP was launched in 1995 and provided mandatory
comprehensive medical care service to the residents in Taiwan.
Since 1995, the NHIRD has been established and has collected data
on all ambulatory care (including outpatient services) and all
inpatient medical claims from the enrollees, which represent over
98% of the total population in Taiwan (Chen et al., 2007). Therefore,
the NHIRD provides a valuable resource, a unique opportunity and
sufficient sample size to undertake the objectives that are
addressed in this study. Specifically, the data used in this study are
from years 2000e2009, derived from the Longitudinal Health In-
surance Database 2005 (LHID2005) of the NHIRD. Detailed infor-
mation regarding the sampling method representative of the
LHID2005 is provided in the following link (http://w3.nhri.org.tw/
nhird/date_cohort.htm#1). Briefly, in the LHID2005, a total of
1,000,000 representative individuals (approximately 5% of the total
population in Taiwan) was randomly sampled from the NHI Reg-
istry for Beneficiaries in 2005. In particular, further comparison
found no significant differences in either the distribution of gender
or age or in the average insured payroll-related amounts between
individuals in the LHID2005 and the original NHIRD. For this study,
the analyses were primarily focused on the NHI enrollees whowere
born between 1997 and 2005 (n¼ 100,516). This study protocol was
approved by the Institutional Review Board at the National Health

Research Institutes. All of the research meets the ethical guidelines,
including adherence to the legal requirements of the study country.

2.2. Definition for newly diagnosed tic disorders

The definition for newly diagnosed tic disorders in this study
was described as follows: (1) having received a diagnosis of the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes 307.20e307.23 between 2002 and
2009; and (2) having no medical claim diagnostic record of tic
disorders in the two years preceding 2002 (i.e., 2000e2001) for
either inpatient or outpatient medical services. A total of 880
children with incident tic disorders among 100,516 youngsters
born between 1997 and 2005 in the study dataset were identified
for subsequent analysis in this study.

2.3. Assessed and measured factors

The factors potentially related to the occurrence of newly
diagnosed tic disorders include age (ranging from 0 to 12 years),
birth cohort, gender, enrollee category (EC), time period (2002e
2005 and 2006e2009), region (northern, central, southern and
eastern) and urbanicity (urban, suburban and rural). Specifically,
the birth cohort in this study included children born from 1997 to
2005. Two time periods (2002e2005 and 2006e2009) were
defined to reflect variation in clinical practice and public awareness
pertaining to tic disorders. With respect to EC, since most of the
study subjects were dependents of the insured beneficiaries (those
paying the insurance fee such as child’s parents, grandparents or
social welfare institutions), this study used EC as a proxy measure
to represent the study subject’s socio-economic status (SES). A
detailed description of EC classification can be obtained elsewhere
(Chen et al., 2008). Briefly, the insurance premiumwas determined
based on enrollees’ wage in the NHIP. Therefore, EC classified
enrollees into 4 categories (EC IeEC IV), accordingly. Wage amount
of enrollees in the first group of EC (EC I) was higher than those in
subsequent EC groups (EC IIeEC IV).

In addition, childhood-onset psychiatric disorders examined in
this study included: pervasive developmental disorders (ICD-9-CM
code: 299), mental retardation (ICD-9-CM codes: 317.00e319.99),
mood disorders (ICD-9-CM codes: 296.00e296.23, 296.25e296.82,
296.89e296.99, 313.10e313.19, 301.11e301.13), obsessive compulsive
disorder (ICD-9-CM code: 300.3), anxiety disorder (except for obses-
sive compulsive disorder) (ICD-9-CM codes: 300.00e300.09, 300.2,
300.90e300.99) and attention deficit hyperactivity disorder (ICD-9-
CM codes: 314.00e314.99); and physical disorders included: epi-
lepsy (ICD-9-CM code: 345), cerebral palsy (ICD-9-CM codes: 343.0e
343.3, 343.8, 343.9), atopic dermatitis (ICD-9-CM code: 691), allergic
rhinitis (ICD-9-CM code: 477) and asthma (ICD-9-CM code: 493).

2.4. Statistical analyses

We first calculated incidence density and the corresponding 95%
confidence interval (CI) of the childrenwith incident tic disorders in
years 2002e2009 for the selected socio-demographic characteristics
described above including: birth cohort, gender, EC, region and
urbanicity. Since the properties of linear regressions (the assump-
tions of normality and constant variance) do not hold due to the
relatively low incidence rate of tic disorders and potential variance
fluctuation in incidence over time, we applied Poisson regression
models in this study (Frome and Checkoway, 1985). We first
regrouped the data into different categories based on the following
variables: birth cohort, period, age, gender, EC, region andurbanicity,
respectively. We then performed Poisson regression models to esti-
mate the effects of each of those variables (birth cohort, period, age,
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