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BACKGROUND: Attention deficit-hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders in
children; however, studies delineating the association between ADHD and central precocious puberty are limited. This study aimed
to understand whether children with ADHD are at a higher risk of central precocious puberty.
METHODS: This population-based retrospective cohort study was conducted using the National Health Insurance Research
Database of Taiwan to investigate the association between ADHD and the incidence of central precocious puberty between
2000–2015. We identified ADHD individuals treated with methylphenidate, atomoxetine or not. The control cohort consisted of
individuals without ADHD. The outcome measure was central precocious puberty diagnosis.
RESULTS: Among 290,148 children (mean age: 5.83 years), central precocious puberty incidence was 4.24 and 1.95 per 105 person-
years in the ADHD and control groups, respectively. Children with ADHD treated with medication had a higher risk than those
without ADHD. However, medication use did not affect the incidence of central precocious puberty among children with ADHD.
CONCLUSION: This study showed an association between ADHD and a higher risk of central precocious puberty. Early referral of
children with ADHD to a pediatric endocrinologist for evaluation may facilitate correct diagnoses and early interventions.

Pediatric Research (2022) 92:1787–1794; https://doi.org/10.1038/s41390-022-02028-5

IMPACT:

● ADHD is associated with a higher risk of central precocious puberty.
● This study provides relevant findings, as it is the first nationwide, population-based cohort study to investigate the association

between ADHD and the risk of central precocious puberty with a 15-year follow-up.
● Early referral of children with ADHD to a pediatric endocrinologist for the evaluation of suspected precocious puberty could

facilitate correct diagnosis.
● Early intervention treatment with gonadotropin-releasing hormone agonist might improve final height in children with central

precocious puberty.

INTRODUCTION
Attention deficit-hyperactivity disorder (ADHD) is a common
chronic neurobehavioral disorder that occurs during childhood
and is characterized by disruptive inattention, hyperactivity, and
impulsivity. Children with ADHD usually experience academic
underachievement, problems with interpersonal relationships
with family members and friends, and low self-esteem. ADHD
also often coincides with other emotional, behavioral, language,
and learning disorders.1 In 2015, the estimated worldwide
prevalence of ADHD in children and adolescents was 7.2% (95%
confidence interval [CI]: 6.7–7.8).2 To date, there is no single
identified cause of ADHD; however, inherited and non-inherited
factors independently contribute to disease manifestation.3,4

Several risk factors for ADHD have been identified, including
family history of ADHD, history of adoption, maternal smoking,
alcohol use during pregnancy, premature birth, low birth
weight, intrauterine growth restriction, history of brain injury,
developmental delay, and genetic risk variants.5–7 In addition,
dysregulation of neurotransmitter pathways, such as central
dopaminergic and noradrenergic pathways, within the brain is
presumed to be the pathophysiological basis for ADHD.8

Management of ADHD varies by age; the American Academy
of Pediatrics recommends behavioral therapy and medication,
emphasizing differences in the treatment of preschool, school-
age, and adolescent patients.3,9 Behavioral therapy is the first-
line treatment for children aged 4–5 years and could improve
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ADHD symptoms in both children and adolescents.10 Food and
Drug Administration-approved medications for ADHD in chil-
dren aged >6 years and adolescents include stimulants (i.e.,
amphetamines, short-acting and long-acting methylphenidate),
serotonin–noradrenaline reuptake inhibitors (i.e., atomoxetine),
clonidine, and guanfacine. The prevalence of medication use in
children with ADHD increased from 2001 to 2015, and
stimulants are widely used as the first-line medication for
ADHD. Medications used to treat ADHD are effective in reducing
inattention, hyperactivity, and impulsivity and might improve
academic achievement while being well-tolerated long-term (up
to 24 months).11,12 Methylphenidate has been used to treat
ADHD and is generally considered to be safe.13 Children with
ADHD need parents, teachers, psychiatrists, and pediatricians to
develop a treatment strategy;8,14 however, understanding of
ADHD remains limited.
Precocious puberty is traditionally defined as the appearance of

secondary sexual characteristics before 8 and 9 years of age in
girls and boys, respectively.15 This can lead to increased growth
rate, sexual development, and more rapid skeletal maturation.
Precocious puberty incidence varies among ethnicities; it is
reported to occur in 0.2% of girls and <0.05% of boys in
Denmark16 and in 5.66 per million person-years in Spain.17 In
South Korea, precocious puberty is found in 122.8 per 100,000
children.18 The cause of central precocious puberty most
commonly remains idiopathic.19 Risk factors for central precocious
puberty also include congenital or acquired central nervous
system (CNS) disorders and genetic causes.20 Central precocious
puberty may contribute to the dysregulation of the CNS. Early
activation of the hypothalamic–pituitary–gonadal axis leads to
increased gonadotropin-releasing hormone secretion and is
followed by the release of gonadotropins, luteinizing hormone
(LH), and follicle-stimulating hormone, thus leading to an increase
in serum gonadal sex hormone level, which ultimately leads to
physical manifestations of puberty.21 To date, the mechanism of
CNS regulation remains unclear. Pubertal LH response (LH peak
>5 IU/L) has been used as a criterion for central precocious
puberty.22

To our knowledge, several children with ADHD undergoing
regular treatment were followed up in the hospital and developed
central precocious puberty. These patients were referred to, and
had their diagnosis confirmed by, a pediatric endocrinologist.
However, the association between ADHD and central precocious
puberty remains unknown. Here, we hypothesized that children
with ADHD have a higher risk of developing central precocious
puberty. Hence, we performed this nationwide, population-based,
retrospective cohort study to evaluate central precocious puberty
risk in children with ADHD in Taiwan. This study demonstrated the
association between ADHD and a higher risk of central precocious
puberty.

METHODS
Data sources
We explored the association between ADHD and central precocious
puberty incidence over a 15-year period using data from the Taiwan
National Health Insurance Research Database (NHIRD). We extracted
documents involving ADHD from the outpatient and hospitalization
records between 2000 and 2015 in the Taiwan Longitudinal Health
Insurance Database. Healthcare in Taiwan is administered by the National
Health Insurance Program (NHIP), initiated in 1995. It consists of
agreements with 97% of the health care service providers and covers
>99% of the total population in Taiwan—approximately 23 million
recipients in June 2009.23 Although Taiwan is an immigrant and hybrid
society, this study population is ethnically homogenous; thus, the findings
may not be generalizable. The International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM), was applied by the NHIRD
to track diagnoses. Literature reviews acknowledged the advantages,
limitations, and details of the NHIRD.24

All ADHD diagnoses were confirmed by pediatricians, general practi-
tioners, or psychiatrists in accordance with the clinical findings. Precocious
puberty diagnoses were made by pediatric endocrinologists and defined
as the onset of secondary sexual characteristics before ages 8 and 9 years
and in girls and boys, respectively. Consequently, we utilized the NHIRD
documents to analyze the connection between ADHD and precocious
puberty incidence. This study was approved by the Institutional Review
Board of Tri-Service General Hospital (TSGHIRB No. C202105013), Taiwan.

Study design and populations
This study used a retrospective matched cohort design. We enrolled girls
aged <8 years and boys aged <9 years diagnosed with ADHD (at least
twice) in an outpatient department (OPD) or a hospital between January 1,
2000, and December 31, 2015. Overall, 217,611 children without ADHD,
matched for age, sex, and index year, were assigned to the control group.
The relationship between pharmacological treatments for ADHD (including
short- and long-acting methylphenidate and atomoxetine) and central
precocious puberty were also analyzed. We excluded individuals who had
precocious puberty or ADHD before tracking, CNS infection, CNS
abnormality, any malignancy, primary hypothyroidism, diabetes mellitus,
disorders of the parathyroid gland, acromegaly and gigantism, pituitary
disorders, Cushing’s syndrome, hyperaldosteronism, or disorders of the
adrenal glands; boys aged >9 years; and girls aged >8 years. We included
children with central precocious puberty diagnoses but excluded
individuals who had peripheral precocious puberty diagnoses. However,
benign or nonprogressive pubertal variants (e.g., premature thelarche,
premature adrenarche) and central precocious puberty could not be
distinguished by ICD-9 codes in our study due to limitations of the NHIRD.
Children with BMI ≥ 95th percentile for age and sex were diagnosed with
obesity. Detailed study population characteristics, events, exclusion criteria,
and the corresponding ICD_9 codes are listed in \ S1.

Covariates
We analyzed many covariates including age, sex, obesity, region of
dwelling (Northern, Central, Southern, and Eastern Taiwan), degree of
urbanization from level 1 to 4, category of the hospital, including medical
centers, regional hospital, or local hospital, and category of insurance
premium: less than 18,000, 18,000–34,999, or more than 35,000 in New
Taiwan Dollars [NT$]. We defined the urbanization level based on
population size and various indicators of development. A region with a
specific designation of cultural, political, economic, and metropolitan
development and a population of more than 1,250,000 citizens was in
urbanization level 1. A region with 500,000–1,249,999 citizens that plays a
crucial role in the culture, political system, and economy was in
urbanization level 2. Regions with populations of 149,999–499,999 and
those with less than 149,999 citizens were in urbanization levels 3 and 4,
respectively.25 Because we could not retrieve the birthweight of children
based on the limitations of the NHIRD, birthweight was not included as a
covariate in this study.

Exposure and study outcomes
We followed up all candidates from the start of follow-up until the
diagnosis of central precocious puberty, cancellation from the NHIP, or
until the end of the study period. Sensitivity analyses were conducted by
excluding the first year (2000–2001) and the first 5 years (2000–2005) to
avoid any potential confounding factors (for example, cases in which the
participants had ADHD or precocious puberty before the year 2000 but
were undiagnosed). The contribution of ADHD medications was also
analyzed, and we determined whether pharmaceutical agents increased or
decreased the risk of central precocious puberty.

Statistical analysis
All statistical analyses were carried out using IBM SPSS Statistics version
22.0 for Windows (SPSS Inc., Chicago, IL). Chi-squared and two-tailed
Student’s t tests were applied to compare continuous and categorical
variables between ADHD and non-ADHD groups, respectively; Fisher’s
exact test was used to determine nonrandom associations between two
categorical variables, and Cox regression analysis was applied to
investigate the risk of precocious puberty. Hazard ratios (HRs) with 95%
CIs were used to present results. The Kaplan–Meier method and the log-
rank test were applied to evaluate the differences in the risk of developing
precocious puberty between the ADHD and non-ADHD groups. P < 0.05 in
two-tailed tests were considered statistically significant.
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RESULTS
Baseline characteristics of study participants
In total, 290,148 children (boys aged <9 years and girls aged <8
years) were enrolled, and 72,537 were identified to have ADHD,
which was coded at least twice at an OPD or in a hospital. The
other 217,611 children were assigned as controls and were
matched for age, sex, and index year (Fig. 1). The mean age of the
cohort study was 5.8 ± 4.9 years, and boys accounted for 66.33%.
No significant differences in terms of sex, age, or obesity were
noted between the two groups. The distribution of insurance
premium categories, location and urbanization level, and hospital
care level of the enrolled participants differed between the two
groups. The detailed characteristics are shown in Table S2. The
mean age at baseline among children with ADHD and children
without ADHD was 5.81 and 5.83, respectively. The mean age at
the endpoint among children with ADHD and children without
ADHD was 11.28 and 12.94, respectively. Among all participants,
children with ADHD, and children without ADHD, the median
years of follow-up and IQRs were 7.95, 3.30-10.77; 7.89, 3.25-10.56;
and 7.97, 3.34-10.79; respectively. The detailed years of follow-up
data are listed in Table S4.

Incidence rate of central precocious puberty and HR
Central precocious puberty incidence was calculated as 4.24 per
105 person-years and 1.95 per 105 person-years in children with,
and those without ADHD, respectively (p= 0.003; chi-square test;

Table 2). Higher risks of central precocious puberty were noted in
children with ADHD, with an adjusted HR of 1.51 (95% CI:
1.24–1.80, p= 0.003; Table 1). Girls had a higher risk of developing
central precocious puberty than boys, with an adjusted HR of 1.76
(95% CI: 1.12–2.54, p < 0.001). Obesity status and children’s
residence were not significantly correlated with central precocious
puberty. However, the level of urbanization of residence had a
significant impact. Children living in regions with urbanization
levels 1 and 2 exhibited higher crude HRs for central precocious
puberty (1.60 and 1.25, respectively), than those in the lowest level
of urbanization. Children treated in medical centers and regional
hospitals revealed higher crude HRs of central precocious puberty
than those treated in local hospitals (1.57 and 1.27, respectively).
Complete data are shown in Table 2. The 15-year cumulative
incidence of central precocious puberty is significantly higher in
children with ADHD than those without, as estimated by
Kaplan–Meier analysis (log-rank test, p < 0.001; Fig. 2).

ADHD medication and risk of central precocious puberty
Three ADHD medications used in children and adolescents,
including short-acting and long-acting methylphenidate and
atomoxetine, were analyzed. In this cohort, 50.67% of children
with ADHD were treated with one of the three medications, and
49.33% were not treated with any medication. The incidence of
central precocious puberty in children with ADHD who were
prescribed medication was 4.48 per 105 person-years, whereas

Outpatient and inpatient of National Health Insurance Research Database in 2000-2015 in Taiwan

n = 23,324,440

1.

2.

3.

4.

1. Without ADHD in the study period

The same exclusion criteria

Threefold propensity score matching by gender, age, and index date

2.

3.

n = 72,537 n = 217,611

n = 41n = 30

Precocious puberty Precocious puberty

Tracking endpoint (Dec. 31, 2015)

With ADHD (Study cohort ) Without ADHD (Comparison cohort )

ADHD before index date

Precocious puberty before tracking

Malignancy/primary hypothyroidism/other endocrinology

disorder/CNS infection/hydrocephalus/cerebral palsy/

subarachnoid cyst/ovarian cyst/congenital CNS

abnormally/septo-optic dysplasia/McCune–Albright

syndrome/tuberous sclerosis/Sturge–Weber syndrome/

Peutz–Jeghers syndrome/CNS irradiation/fracture of skull

Without tracking

n = 19,820

Inclusion

Exclusion

ADHD

n = 92,357

Fig. 1 Flowchart of participant selection, stratification, and analysis.
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that in children with ADHD without medication was 3.99 per 105

person-years (p= 0.512). The most frequently used ADHD
medication was short-acting methylphenidate, accounting for
27.27% of children with ADHD. The incidence of central
precocious puberty among children using short-acting and long-
acting methylphenidate and atomoxetine was 5.20, 3.67, and 3.60
per 105 person-years, respectively. However, no significant
difference was found between children with ADHD receiving
medications and those with ADHD not receiving treatment (p=
0.51). Children with ADHD being treated with medications had a
higher risk than those without ADHD (HR: 1.59, 95% CI: 1.30–1.89,
p= 0.001).

Sensitivity analysis
Children with ADHD had an increased risk of central precocious
puberty. These associations remained significant after excluding
the information for participants in 2000–2001 and in 2000–2005,
respectively. The corrected incidence rates of precocious puberty
after excluding the first year (2000–2001) and the first 5 years
(2000–2005) in children with ADHD were 4.23 and 4.11 per 105

person-years, respectively, whereas those in children without

ADHD were 2.08 and 2.03 per 105 person-years, respectively. The
adjusted HRs after excluding the first year (2000–2001) and the
first 5 years (2000–2005) were 1.41 and 1.41, respectively (p=
0.007 and 0.009, respectively; Table 3).

DISCUSSION
Our results revealed that children with ADHD have a higher risk of
central precocious puberty, with an HR of 1.51. Even after
excluding the data from 2000–2001 and 2000–2005, children
with ADHD still had a higher risk, with an HR of 1.41 (Table 3). The
risk of central precocious puberty was higher in girls. We also
found that children living in more urbanized areas had higher risks
of developing central precocious puberty. Most importantly,
taking ADHD medication had no effect on the risk of precocious
puberty. There is little evidence in the literature regarding an
association between ADHD and central precocious puberty. A
review study assumed that sex hormones may impact neuronal
circuits that affect emotional and cognitive responses.26 Explora-
tory research found evidence for the association between
precocious puberty, inattention, and risk-taking behavior.27 As

Table 1. Characteristics of study in the endpoint.

Variables Total ADHD Non-ADHD P

n % n % n %

Total 290,148 72,537 25.00 217,611 75.00

Precocious puberty <0.001*

Without 290,077 99.98 72,507 99.96 217,570 99.98

With 71 0.02 30 0.04 41 0.02

Gender 0.999

Male 192,452 66.33 48,113 66.33 144,339 66.33

Female 97,696 33.67 24,424 33.67 73,272 33.67

Age (years) 12.87 ± 9.71 11.28 ± 9.00 12.94 ± 9.73 <0.001*

Insured premium (NT$) <0.001*

<18,000 262,136 90.35 65,124 89.78 197,012 90.53

18,000–34,999 22,365 7.71 5913 8.15 16,452 7.56

≧35,000 5647 1.95 1500 2.07 4147 1.91

Obesity 0.878

Without 290,093 99.98 72,524 99.98 217,569 99.98

With 55 0.02 13 0.02 42 0.02

Location <0.001*

Northern Taiwan 103,297 35.60 33,452 46.12 69,845 32.10

Middle Taiwan 73,487 25.33 15,423 21.26 58,064 26.68

Southern Taiwan 73,144 25.21 16,013 22.08 57,131 26.25

Eastern Taiwan 34,252 11.81 6901 9.51 27,351 12.57

Outlets islands 5968 2.06 748 1.03 5220 2.40

Urbanization level <0.001*

1 (The highest) 100,973 34.80 32,197 44.39 68,776 31.61

2 79,046 27.24 17,796 24.53 61,250 28.15

3 43,242 14.90 9966 13.74 33,276 15.29

4 (The lowest) 66,887 23.05 12,578 17.34 54,309 24.96

Level of care <0.001*

Hospital center 106,144 36.58 42,265 58.27 63,879 29.35

Regional hospital 102,498 35.33 22,101 30.47 80,397 36.95

Local hospital 81,506 28.09 8171 11.26 73,335 33.70

∗p < 0.05.
P: Chi-square/Fisher exact test on category variables and t test on continue variables.
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far as we know, this is the first nationwide, population-based
cohort study to investigate the association between ADHD and
the risk of central precocious puberty with a 15-year follow-up.
ADHD has been investigated mainly in field trials with children

aged between 5–12 years. The prevalence of ADHD was reported
to be lower in Taiwan (as low as 4.2%) than the worldwide
prevalence.2,28,29 ADHD is more common in boys than girls, with a
sex ratio ranging from 2:1 to 10:1.30 In this study, male patients
accounted for 66.33% of the study population, and the mean age
during enrollment and at the end of the study in the ADHD group
was 5.81 and 9.73 years old, respectively. The patient character-
istics of the study cohort in the ADHD group were similar to those
of other studies. Girls were much more likely to develop central
precocious puberty (incidence in girls: 20 per 10,000; incidence in
boys: <5 per 10,000), as reported by a population-based study of
data from Danish national registries between 1993 and 2001.16 In
the present study, girls accounted for 93.0% of children with
central precocious puberty (both in the ADHD and control
groups). The sex distribution in this study was similar to that of
other studies.
In both ADHD and control groups, females were at a higher risk

of central precocious puberty than males, with an adjusted HR of

1.76 (95% CI: 1.12–2.54, p < 0.001). Considering that most
individuals with precocious puberty were females, we analyzed
the impact of ADHD on central precocious puberty risk in both
sexes to avoid any confounding effect. The male incidence rate of
central precocious puberty in the ADHD and control groups were
0.43 and 0.22 per 105 patient-years, respectively (HR: 1.37, 95% CI:
1.13–1.64, p= 0.006). Conversely, the female incidence rate of
central precocious puberty in the ADHD and control groups were
11.38 and 5.17 per 105 patient-years, respectively (HR: 1.53, 95%
CI: 1.25–1.82, p < 0.001). Both female and male patients with
ADHD had an increased risk of central precocious puberty.
Other covariates included obesity, insurance premium, which

reflects family income, urbanization level of residence, and level of
hospital care. As previously mentioned, children living in more
urbanized areas and receiving higher levels of hospital care, where
most pediatric endocrinologists work, had a greater risk of
developing central precocious puberty. However, children with
ADHD had larger proportions of higher urbanization level of
residence and level of hospital care compared to children without
ADHD. This may lead to an overestimation of the association. We
separately analyzed the association between ADHD and central
precocious puberty risk as a function of insurance premium,

Table 2. Hazard ratios of central precocious puberty by using Cox regression.

Variables Crude HR 95% CI 95% CI P Adjusted HR 95% CI 95% CI P

ADHD

Without Reference Reference

With 1.631 1.308 1.822 <0.001* 1.511 1.243 1.795 0.003*

Gender

Male Reference Reference

Female 1.865 1.226 2.651 <0.001* 1.762 1.117 2.543 <0.001*

Age (yrs)

Insured premium (NT$)

<18,000 Reference Reference

18,000–34,999 1.271 0.896 1.456 0.131 1.182 0.835 1.356 0.154

≧35,000 0.000 - - 0.962 0.000 - - 0.975

Obesity

Without Reference Reference

With 0.000 - - 0.984 0.000 - - 0.988

Location

Northern Taiwan Reference Multicollinearity with urbanization level

Middle Taiwan 0.953 0.684 1.298 0.372 Multicollinearity with urbanization level

Southern Taiwan 0.972 0.691 1.303 0.318 Multicollinearity with urbanization level

Eastern Taiwan 0.785 0.526 1.235 0.443 Multicollinearity with urbanization level

Outlets islands 0.000 - - 0.894 Multicollinearity with urbanization level

Urbanization level

1 (The highest) 1.596 1.209 1.716 <0.001* 1.349 1.199 1.586 0.001*

2 1.245 1.076 1.389 0.018* 1.172 1.035 1.307 0.021*

3 1.099 0.903 1.245 0.094 1.068 0.846 1.186 0.133

4 (The lowest) Reference Reference

Level of care

Hospital center 1.567 1.286 1.842 <0.001* 1.483 1.379 1.562 <0.001*

Regional hospital 1.265 1.124 1.380 <0.001* 1.125 1.086 1.259 0.002 *

Local hospital Reference Reference

P values were obtained using the chi-square test or Fisher’s exact test for categorical variables and using the t test for continue variables. Cox regression was
used to determine the risk of central precocious puberty, and the results were presented as hazard ratios (HRs) with 95% CIs.
HR hazard ratio, CI confidence interval, Adjusted HR adjusted variables listed in the table.
∗p < 0.05.
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urbanization level, and level of hospital care. We found that
children with ADHD in lower insurance premium categories,
higher urbanization levels, and all hospital care levels have a
higher risk of central precocious puberty. (Table S3). Obesity was
not a significant risk factor for precocious puberty in either group.
However, the impact of obesity, or the lack thereof, could not be
analyzed. Hwang et al. reported that infants born small for
gestational age (SGA) tend to have short stature, neurocognitive
dysfunction, and metabolic syndrome. These children are also
prone to precocious puberty, premature adrenarche, and faster
progression of puberty.31 Verkauskiene et al. revealed that puberty
starts within the normal range of age in SGA children, but that
onset is earlier relative to appropriate for gestational age children.
As a result, if children with ADHD have a higher percentage of low
birth weight compared to children without ADHD, it might lead to
a higher risk of precocious puberty.32

Although the etiology of ADHD and central precocious puberty
remain unclear, both are thought to be associated with CNS
dysregulation.33,34 The key role of the dopamine system in ADHD
has been suggested by pharmacology and genetic studies of
animal models.35–37 Regarding central precocious puberty, activa-
tion of the hypothalamic–pituitary–gonadal axis was associated
with increased growth rate, onset of sexual development, and
more rapid skeletal maturation.38 We observed this association
between ADHD and central precocious puberty in this population-
based nationwide cohort study. Further prospective registration
databases or mechanistic studies are required to provide more
information.
Methylphenidate, a stimulant used to treat ADHD, may cause

adverse effects on the maturation and functionality of the female
reproductive system, as revealed by previous animal studies.39

Another study described the relationship between methylpheni-
date administration and the central precocious puberty hypoth-
esis, which suggests that the excitatory effect of dopamine- and
noradrenaline-induced gonadotropin-releasing hormone release,
combined with the inhibition of gonadotropin-releasing hormone

receptor expression, suppresses the effect of prolactin on the
hypothalamic–pituitary–gonadal axis.40 In this study, ~50% of
children with ADHD were treated with methylphenidate (short- or
long-acting) or atomoxetine. The most common medication used
was short-acting methylphenidate. The risk of central precocious
puberty was not statistically different for different pharmacologi-
cal treatments of ADHD in children. Furthermore, medication use
did not increase the risk of central precocious puberty in children
with ADHD.
As children with central precocious puberty are diagnosed by

pediatric endocrinologists, long-term observation is important
before treatment is considered. We could predict the child’s adult
height by measuring bone maturation. According to a recent
literature review, the final adult height of children with central
precocious puberty was below the normal mean with standard
deviation scores of −2.5/−3.0 in boys and –1 in girls.41 Treatment
with gonadotropin-releasing hormone agonist improved final
height in children with central precocious puberty.42 The present
study, with a retrospective matched cohort design, used the
NHIRD, which restricts personal information; therefore; we could
not retrieve the heights of children with ADHD who had central
precocious puberty. Further, we could not determine what kind of
treatment children with ADHD and central precocious puberty
received. However, the relationship between treatment for
children with central precocious puberty and ADHD is interesting
and deserves further study in the future.
This study also had several limitations. First, the database did

not provide actual medical records, limiting a thorough under-
standing of whether the symptoms met the diagnostic criteria for
ADHD and precluding the confirmation of the signs of puberty.
Second, the diagnoses in the database were made by different
specialists; therefore, the standard for diagnosis may have varied.
Third, benign or nonprogressive pubertal variants such as
premature thelarche and premature adrenarche were not
differentiated from central precocious puberty. This could have
inflated the incidence in our study. Fourth, our study did not
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explore whether the dosages and time frames of ADHD
medication were associated with central precocious puberty.
Fifth, the etiologies of both ADHD and central precocious puberty
are complex and are affected by genetics, history of adoption,
family history, exposure to environmental toxins and pollutants,
and even the extensive use of plastics and preservatives, which
are factors that could not be identified in this cohort. Finally,
selection bias cannot be excluded due to the retrospective nature
of the study. Children with ADHD who already had precocious
puberty before tracking were excluded. Thus, the study could not
assess both directions of association, that is, children who were
diagnosed with precocious puberty first and then with ADHD
(either in the control group or children who were excluded from
the study entirely). This may have led to an underestimation of the
association, and future randomized controlled trials are being
considered. Studies on ADHD in the general population are
limited, and the prevalence of ADHD may have been under-
estimated in Taiwan. In the future, additional studies should
investigate the relationship of ADHD with central precocious
puberty.
We evaluated the association between central precocious

puberty and ADHD in the general pediatric population in Taiwan
by analyzing representative population-based data. Our findings
revealed an association between ADHD and an increased risk of
central precocious puberty. Thus, all caregivers of children with
ADHD, including relatives, schoolteachers, nurses, pediatricians,
and psychiatrists, should be aware that children with ADHD might
have a higher risk of developing central precocious puberty. Early
referral of children with ADHD to a pediatric endocrinologist for
the evaluation of suspected precocious puberty could facilitate
correct diagnosis. Early intervention treatment with gonadotropin-
releasing hormone agonist might improve final height in children
with central precocious puberty.
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