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Abstract

Purpose We used National Health Insurance (NHI) data-

base to examine the prevalence, incidence, and stimulant use

of attention-deficit hyperactivity disorder (ADHD) diagnosis

in Taiwan.

Methods The National Health Research Institute provided a

database of 10,00,000 random subjects for study. A popula-

tion-based random sample of 372,642 patients aged younger

than 18 was obtained as a dynamic cohort. Those study

subjects who had at least one service claim from 1996 to

2005, with a principal diagnosis of ADHD, were identified.

Results The cumulative prevalence of ADHD diagnosis

increased from 0.06 to 1.64 % from 1996 to 2005. The

annual incidence of ADHD diagnosis increased from 0.02

to 0.34 % from 1997 to 2005. The highest incidence rates

of ADHD diagnosis for both males and females were in the

6- to 11-year age group. Higher incidence was detected in

males (HR 3.76, 95 % CI 3.48–4.07), those who lived in

northern region (HR 1.35, 95 % CI 1.07–1.71) and urban

area (HR 1.53, 95 % CI 1.40–1.66). The percentage of

stimulant use in children with ADHD diagnosis increased

from 39.6 to 54.0 % from 1997 to 2005.

Conclusions Our findings suggest increases in the prev-

alence and incidence rates of ADHD diagnosis in Taiwan,

which was in line with those studies of Western countries.

However, the prevalence of ADHD diagnosis in the NHI

program was still much lower than in the community

studies. The percentage of stimulant use in children with

ADHD diagnosis also has an increasing trend, which

warrants further study.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is the

most common mental illness with onset in childhood and

result in a chronic (long-lasting) neurobehavioral disease

burden [1]. The health care and social costs of treating

patients with ADHD have produced a significant economic

impact [2]. A conservative estimate of the annual societal

cost of ADHD is $42.5 billions in USA [2]. Three behav-

ioral features were conceptualized in ADHD, including

inattention, impulsivity, and hyperactivity. Many studies

have focused on the prevalence and incidence of ADHD

[3, 4]. Among these studies, however, there are great

variations in the prevalence and incidence rates of ADHD,

depending on different assessment processes, diagnostic

criteria, sampling methods, observational time periods, and

differences in cultural perceptions and expectations [5].

Overall, the prevalence rates of ADHD range from 2 to

17 % [3–8]. The estimate of prevalence in ADHD is

5–10 % in school-aged children [6].
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A population-based birth cohort study revealed the

cumulative incidence of ADHD between ages 5 and

19 years was 7.5 % [9]. Previous studies reported that the

prevalence and incidence rates of ADHD were associated

with age and sex [9, 10]. Generally, the incidence of ADHD

was highest in the 6- to 12-year age group [9], and males

had higher prevalence and incidence rates than did females

[9, 10].

In a previous community survey, using the Chinese

version of the Schedule for Affective Disorders and

Schizophrenia for School-Age Children (K-SADS-E) in

Taiwan covering the period 1994–1995, the prevalence

rates for ADHD in the seventh, eighth, and ninth grade

students were 7.5, 6.1, and 3.3 %, respectively [11].

However, there has been no community study to investi-

gate the incidence of ADHD in Taiwan. With respect to

stimulant use, several studies reported increased stimulant

usage for ADHD after the 1990s [12, 13].

Several reports have used health care registration data to

perform epidemiological studies of ADHD [9, 14]. Taiwan

implemented the National Health Insurance (NHI) program,

a comprehensive, unified, universal health insurance pro-

gram for all citizens of Taiwan in March 1995. Therefore, a

certain amount of risk pooling for NHI should be expected.

The coverage provided outpatient service, inpatient care,

Chinese medicine, dental care, childbirth, physical therapy,

preventive health care, home care, and rehabilitation for

chronic mental illness [15, 16]. The system covers most

forms of treatment, including surgeries and related expenses

such as examinations, laboratory tests, prescription medi-

cations, supplies, nursing care, hospital rooms, and certain

OTC drugs. The Bureau of NHI has contracted with 92 % of

medical institutions in Taiwan. As many as 98 % of resi-

dents of Taiwan have joined the NHI program in 2005.

Therefore, we could use the precious NHI claim data for

health care service study of ADHD.

In this study, we first investigated the prevalence and

incidence of ADHD diagnosis in Taiwan based on NHI data

from 1996 to 2005. Second, we detected age- and sex-specific

cumulative prevalence and annual incidence of ADHD

diagnosis. Third, we discuss predictive factors associated

with the incidence of ADHD diagnosis. Fourth, we investi-

gated the percentage of stimulant use in children with ADHD

diagnosis. Finally, we also discuss factors associated with

stimulant use in children with ADHD diagnosis.

Methods

Sample

The NHI database of medical claims includes outpatient

care, inpatient care, dental services, and prescription

drugs. For the study, the National Health Research Insti-

tutes (NHRI) used the NHI enrollment database to iden-

tify a random sampling file. The NHRI provided a

database of 10,00,000 random subjects, about 4.5 % of the

population, to perform a related health service study.

Longitudinal Health Insurance Database (LHID) 2005

contains the original claim data of 10,00,000 beneficiaries

enrolled in 2005 randomly sampled from the year 2005

Registry for Beneficiaries of the National Health Insur-

ance Research Database, where registration data of

everyone, who was a beneficiary of the NHI program

during the period of 2005, were drawn for random sam-

pling. All the registration and claim data of these

10,00,000 individuals collected by the NHI program

constitute the LHID 2005. There were no statistically

significant differences in age, sex, and average insured

payroll-related amount between the sample group and all

enrollees [15, 16]. The data consisted of outpatient care

and inpatient records, as well as the registration files of

the insured. The study was approved by the Jianan Mental

Hospital Institutional Review Board.

With regard to the newborn effect, a dynamic cohort was

used in the present study. The study subjects were limited to

those younger than 18 years of age. The initial sample con-

sisted of 268,753 subjects in 1996. In the years 1997–2005,

13,874, 13,299, 12,057, 12,344, 12,613, 10,610, 10,364,

9,507, and 9,221 newborns entered this cohort, whereas

18,436, 18,235, 17,641, 16,679, 16,283, 15,024, 14,255,

13,503, and 13,132 enrollees who turned 18 exited this

cohort in the respective years. Finally, a total of 372,642

subjects were observed in this cohort from 1996 to 2005 [18].

Definition of ADHD diagnosis

In general, the diagnostic coding of NHI in Taiwan follows

the International Classification of Disease, 9th revision,

Clinical Modification (ICD-9-CM) diagnostic criteria [17].

Those study subjects who had at least one service claim

during the years 1996–2005 for either outpatient or inpa-

tient care with a principal diagnosis of ADHD (ICD-9-CM

314) were identified. Thus, ADHD included attention-

deficit disorder (ICD-9-CM 314.0), hyperkinesis with

developmental delay (314.1), hyperkinetic conduct disor-

der (314.2), other specified manifestations of hyperkinetic

syndrome (314.8), and unspecified hyperkinetic syndrome

(314.9). The ADHD defined here were equivalent to

attention-deficit/hyperactive disorder as defined in the

Diagnostic and Statistical Manual of Mental Disorders, 4th

revision (DSM-IV) diagnostic criteria, including attention-

deficit/hyperactive disorder, combined type (314.01);

attention-deficit/hyperactive disorder, predominantly inat-

tention type (314.00); attention-deficit/hyperactive disor-

der, predominantly hyperactive-impulsive type (314.01);
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and attention-deficit/hyperactive disorder, not otherwise

specified (314.9) [19].

The prevalence of ADHD diagnosis

Subjects who had at least one service claim of ADHD for

either outpatient or inpatient care were defined as a case for

each year from 1996 to 2005. The cumulative prevalence

of each year from 1996 to 2005 was calculated. The

numerator was the number of prevalent cases of ADHD

from 1996 to 2005, and the denominator was the number of

total study subjects in each year from 1996 to 2005.

The incidence of ADHD diagnosis

A subject who had his or her first contact with the health

services and was diagnosed as having ADHD during the

given year and had not been diagnosed as a case of ADHD

during the previous years was defined as an incident case.

The incidence of each year was calculated from 1997 to

2005. The numerator was the number of the incident cases.

The denominator was the person-years contributed by the

study subjects. Subjects who were not diagnosed as autistic

at the end of the year contributed 1 person-year to the

denominator. Subjects who were newly diagnosed with

ADHD during the year contributed one-half person-year to

the denominator [20]. The incidence was also calculated by

age and sex from 1997 to 2005.

The percentage of stimulant use in children with ADHD

diagnosis

The percentage of stimulant use in children with ADHD

diagnosis from 1997 to 2005 was also calculated. The

numerator was the number of stimulant use in children with

ADHD diagnosis from 1997 to 2005, and the denominator

was the number of prevalent cases of ADHD in each year

from 1997 to 2005.

Other measures

The information on demographic factors, including age,

sex, region, and urbanization were obtained directly from

the Bureau of the NHIs files. Age was divided into one of

three categories: 0–5, 6–11, and 12–17 years old. With

respect to geographical distribution, the study subjects

were classified into one of four regions: northern, central,

southern, and eastern. Urbanization was divided into urban,

suburban, and rural categories.

Statistical analysis

The differences in the cumulative prevalence and annual

incidence between the sexes in every age group of ADHD

diagnosis were tested by v2 test. Cox regression analysis

was used to analyze the predictive factors for the occur-

rence of ADHD diagnosis from 1997 to 2005. Logistic

regression analysis was used to analyze factors associated

with stimulant use in children with ADHD diagnosis in

2005. SAS version 9.0 was used to link and analyze the

data. In this study, the significance level was set at 0.05.

Results

Table 1 shows the cumulative prevalence from 1996 to

2005 and annual incidence of ADHD diagnosis from 1997

to 2005 in NHI enrollees. The 1-year prevalence of ADHD

diagnosis was 0.06 % in 1996, and the cumulative preva-

lence of ADHD diagnosis increased to 1.64 % in 2005. The

annual incidence of ADHD diagnosis increased from

0.02 % in 1997 to 0.34 % in 2005.

With respect to the age- and sex-specific cumulative

prevalence and annual incidence of ADHD diagnosis in

NHI enrollees from 1997 to 2005, the highest prevalence

rates for males were in the 6- to 11-year age group

(4.04 %), and the highest prevalence rates for females were

Table 1 Cumulative

prevalence and annual incidence

of ADHD, 1996–2005

Year Prevalent

cases

Cumulative

prevalence

(per 100)

Incident

cases

Person-year Annual

incidence

(per 100)

1996 169 0.06 – – –

1997 227 0.09 64 263,996.0 0.02

1998 371 0.14 149 258,958.5 0.06

1999 758 0.30 388 253,107.0 0.15

2000 1,126 0.45 376 248,398.0 0.15

2001 1,530 0.62 413 244,342.5 0.17

2002 2,010 0.83 498 239,491.0 0.21

2003 2,446 1.03 452 235,141.0 0.19

2004 3,033 1.30 619 230,641.5 0.27

2005 3,754 1.64 771 226,085.5 0.34
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also in the 6- to 11-year age group (1.19 %). The highest

incidence rates for males were in the 6- to 11-year age

group (0.46 %), and the highest incidence rates for females

were also in the 6- to 11-year age group (0.11 %). In

addition, males also had a higher incidence rate of ADHD

diagnosis than that of females in all three age groups.

Table 2 shows the Cox regression analysis of factors

associated with the incidence of ADHD diagnosis from

1997 to 2005. Higher incidence was detected in males,

those who lived in the northern region and urban areas.

With regard to stimulant use, the percentage of stimulant

use in children with ADHD diagnosis increased from 39.6

to 54.0 % from 1997 to 2005. Table 3 shows factors

associated with stimulant use in children with ADHD

diagnosis in 2005. Higher stimulant use was associated

with age 6–11 group and age 12–17 group, males, and

those who lived in urban areas.

Discussions

To our knowledge, this study is the first to use population-

based NHI data to detect the prevalence and incidence of

ADHD diagnosis in Taiwan. There is no previous com-

munity study to discuss the incidence of ADHD diagnosis

in Taiwan. Besides, we also analyzed the stimulant use in

children with ADHD diagnosis.

The current study revealed 1-year prevalence rate of

0.06 % and 10-year prevalence rate of 1.64 % for ADHD

diagnosis. The annual incidence of ADHD diagnosis also

increased 13-fold from 0.02 to 0.34 % from 1997 to 2005.

The prevalence and incidence of ADHD for the treatment

increased over the years in the NHI program, which was in

line with the findings of other studies [5, 10, 21]. Several

factors should make contributions to this increase. First,

DSM-IV criteria have broader diagnostic criteria of ADHD

than those of DSM-III-R [5]. Second, both parents and

teachers have more concepts about ADHD (such as inat-

tention, impulsivity, and hyperactivity) [22, 23]. Third, the

NHI program in Taiwan has offered better access with a

higher treatment rate of ADHD year by year. Fourth, less

barriers to appropriate services has been provided by child

psychiatrists and pediatric specialists. Finally, it may rep-

resent a true increase in the incident rates of ADHD on

account of nature and nurture factors.

The prevalence of ADHD for the treatment in the 6- to

11-aged (school-aged) children was 2.68 %, which was

lower than those found in previous community studies [7,

11]. According to the prevalence rates of ADHD (5–7 %),

over 50 % of children with ADHD did not receive treat-

ment in Taiwan. Froehlich et al. [10] also found that less

than half of children with ADHD had been diagnosed or

been treated with ADHD medications. Actually, not all

children with ADHD came to search for treatment on

account of several reasons, such as service access, parents’

concepts, and teachers’ detection [24]. We still must

emphasize early detection, assessment, and management of

ADHD in Taiwan.

In considering age- and sex-specific incidence rates of

ADHD, we found that both males and females had the

highest incidence for treatment between the ages of

6–11 years, which was consistent with those findings of

Table 2 Cox regression model of factors associated with incidence

of ADHD from 1997 to 2005

Variable Cox regression model

Hazard ratio 95 % CI

Sex

Male 3.76** 3.48–4.07

Female 1.00 –

Region

North 1.35* 1.07–1.71

Center 0.75* 0.58–0.95

South 1.13 0.89–1.43

East 1.00 –

Urbanization

Urban 1.53** 1.40–1.66

Suburban 0.96 0.85–1.09

Rural 1.00 –

* P \ 0.05; ** P \ 0.001

Table 3 Logistic regression model of factors associated with stim-

ulant use in children with ADHD diagnosis in 2005

Variable Logistic regression model (stimulant use)

Odds ratio 95 % CI

Age (years)

0–5 1.00 –

6–11 9.28** 6.41–13.43

12–17 17.69** 11.29–27.71

Sex

Male 1.35* 1.00–1.81

Female 1.00 –

Region

North 0.88 0.40–1.93

Center 0.79 0.34–1.83

South 1.19 0.53–2.68

East 1.00 –

Urbanicity

Urban 1.43* 1.05–1.94

Suburban 1.04 0.66–1.64

Rural 1.00 –

* P \ 0.05; ** P \ 0.001
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other studies and general clinical observations [11, 19].

Children with ADHD have onset (with disruptive behavior

or impulsivity) before age 7, while they were brought into

contact with health services in school age usually. A birth

cohort study using medical and school records reported that

the mean age for definite diagnosis of ADHD was 10 years

[9]. In general, children with hyperactivity, impulsivity,

and poor attention were gradually noted by school teachers

a few years after they entered the elementary school. The

manifestation of ADHD may affect academic performance

and social relationship with other peer classmates in these

children. After the implementation of NHI program in

Taiwan, more parents and teachers have learned to bring

their children for the assessment of ADHD like pictures.

Thereafter, we must emphasize not only the need for early

detection, but also the need for optimal treatment of

patients with ADHD.

According to the Cox regression analysis, males have a

higher incidence of ADHD than that of females (HR 3.76),

which was similar to the findings in other studies [9].

Consequently, ADHD is a child and adolescent psychiatric

disease with obvious gender difference. Moreover, both

boys and girls have the most developmental characteristics

during this period, including physical and psychological

changes. Especially, boys have a much higher prevalence

of subtypes (combined type and hyperactive-impulsive

type) of ADHD than those of girls [10]. These two sub-

types of ADHD may carry more intrusive and disruptive

behaviors than the inattention type. Thus, both parents and

teachers should realize that ADHD is a disease with respect

to behavior, emotion, and gender difference.

With regard to regional differences, there was a higher

incidence of treated ADHD in the northern region than in

other regions of Taiwan. In addition, we also found a

higher incidence of treated ADHD in urban area in Taiwan.

Perhaps, the modernization and industrialization bring the

new occurrence of ADHD due to nurture and environ-

mental factors. Otherwise, this may represent a better

access to child psychiatric services in northern region and

urban area, and there is a problem of unequal resource

allocation for the treatment of patients with ADHD in

different regions and rural area in Taiwan.

Our study also revealed an increasing trend (39.6–

54.0 %) of stimulant use in patients with ADHD, which

was consistent with other previous studies. Over 50 % of

children with ADHD received stimulant treatment in Tai-

wan, which was different from those of US children (32 %)

[10]. It is not possible to compare the results of our study

with those from Froehlich et al. [10], because participants

were ascertained in different ways across the studies. The

current study reports the rate of treatment with stimulants

in individuals who are already in contact with the health

care system and were diagnosed by a physician. In the

Froehlich study, individuals were ascertained from the

community by the investigators, and although they might

be registered in a health care system, they might have no

actual access to it (because symptoms are not identified by

parents/teachers, because parents are not able to take them

to medical access, etc.). Giving the increasing trend of a

higher percentage of stimulant use, we should closely

monitor the dosage, frequency, and duration of stimulant

use in children with ADHD. The current study revealed a

lower percentage of stimulant use in children age younger

than 6 years. The phenomenon could be explained that

physicians worried about the side effect of stimulants (such

as palpitation, restlessness, headache, insomnia, and loss of

appetite) being prescribed to the younger children. Per-

haps, the younger children with ADHD have less typical

symptoms. Boys were more likely than girls to receive

stimulant treatment in this study [13]. May be boys with

ADHD have more hyperactivity and impulsivity, which

need stimulant medication for further treatment [10, 25].

However, we should also watch out for the possibility of

inadequate stimulant treatment in girls with ADHD.

Besides, children living in urban area have a higher per-

centage of stimulant use in Taiwan. We should consider

the access and equity of ADHD treatment in NHI program

[26]. The economic impact on the treatment of ADHD in

children and adolescents is also important and deserves

future attention.

There are several advantages in using claim data for an

epidemiological study of ADHD, including a large national

population-based random sample, longitudinal data to

detect the annual incidence and its risk factors, and avail-

able information of stimulant use. However, we still face

some limitations: (1) we do not differentiate subtypes of

ADHD in this study; (2) possibly, there would be problems

with the reliability and validity of the secondary data; (3)

finally, variables such as race and socioeconomic status

were not available in current study [27, 28].

Conclusions

Our findings suggest increases in the prevalence and inci-

dence rates of ADHD diagnosis in Taiwan, which was in

line with those studies of Western countries. However, the

prevalence of ADHD for treatment in the NHI program

was much lower than those in the community studies. In

addition, the percentage of stimulant use in children with

ADHD diagnosis also has an increasing trend, which

warrants further study.
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