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Objectives: This study examined the extent to which char-
acteristics of family and health care providers predict treat-
ment initiation, treatment mode, and treatment termination
among preschool children with newly diagnosed ADHD.

Methods: A cohort of 3,583 preschoolers with ADHD was
identified from the National Health Insurance Research
Database of Taiwan. Individual characteristics and health
care records, including medication and nonmedication
treatment, were documented. Logistic regression and time-
dependent survival analyses were used to evaluate associ-
ation estimates.

Results: Over 80% of the children with newly diagnosed
ADHD received initial treatment within amonth of diagnosis,
with 41% starting with combined treatment. Only one-
quarter remained in treatment by the end of 12 months. In
the first year, the termination rate was lowest for those who
received rehabilitation treatment only (log-rank test, p,.001).
Predictors of termination varied by treatment mode. For

combined treatment, factors that marginally increased the
likelihood of treatment termination were coming from
a family in poverty (adjusted hazard ratio [AHR]=1.72) or from
a rural region (AHR=1.40). Receiving initial treatment from a
psychiatrist was associated with an increased likelihood
of treatment termination for children receiving psy-
chosocial treatment (AHR=1.80, 95% confidence interval
[CI]=1.46–2.22) and combined treatment (AHR=1.38,
CI=1.20–1.60).

Conclusions: Family and service provider characteristics
appeared to have differential effects on initial receipt and
mode of treatment and on one-year treatment termination
among preschoolers with ADHD in Taiwan’s universal health
insurance program. Future efforts should aim at reducing
access barriers to comprehensive and continuous health
care for very young children with mental or developmental
disorders.
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Over the past two decades, considerable attention has
been directed toward the increasing prevalence of neuro-
developmental disorders, including attention-deficit hy-
peractivity disorder (ADHD) (1). ADHD, characterized by
inattention, hyperactivity, and impulsivity, is an early-onset
neurodevelopment disorder affecting approximately 5.3%
of children worldwide and 7.5% of children in Taiwan (2,3).
Among U.S. preschoolers, the prevalence of ADHD is esti-
mated to be between 2.0% and 5.7% (4). A pioneer three-year
study that followed U.S. children ages four to six with a di-
agnosis of ADHD found that most still met full diagnostic
criteria after they entered elementary school, suggesting sta-
bility of the diagnosis in early childhood (5). ADHD symptoms
that occur in childhood may persist into adolescence and even
adulthood (6). Children with untreated or ineffectively treated
ADHD often experience academic and social difficulties (7–9).
Although several adverse outcomes related to untreated
ADHDhave been reported, less than one-third of childrenwith
ADHD receive health care services, according to an Australian
study (10).

Medication and psychosocial therapy are two of the most
widely recommended treatment approaches for children and
adolescents with ADHD (11–16). Currently, the U.S. Food and
Drug Administration and the Medicines and Healthcare
Products Regulatory Agency in the United Kingdom recom-
mend that medications for ADHD, including methylpheni-
date and atomoxetine, be used only with children age six and
older. Nevertheless, the number of U.S. preschoolers with
ADHD receivingmethylphenidate has increased over the past
decade (17,18). Initial evidence has indicated that stimulants
(methylphenidate) are effective for the treatment of young
children with ADHD (19). However, a recent report indicated
that psychosocial therapy is more effective than medication
(20), and the American Academy of Pediatrics has recom-
mended psychosocial treatment as a first-line treatment for
preschoolers with ADHD (21).

A number of studies, mostly using cross-sectional designs,
have identified important factors affecting treatment of young
children with ADHD, such as sociodemographic character-
istics (for example, age, gender, and race-ethnicity) and clinical
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history (for example, comorbid mental disorders) (22–27).
However, these studies generally focused on medication
treatment (22,24,26,27). Family characteristics beyond the is-
sue of health insurance status (for example, family structure)
await exploration. Because pharmacological treatment is rec-
ommended only for children age six and older, the rapid
growth of preschoolers with a diagnosis of ADHD heightens
the urgency to better understand factors affecting the use of
nonpharmacological treatments.

In addition, a small but growing body of literature
addresses the roles of health service providers in delivering
services to children with mental health problems, including
ADHD (27–29). For example, a survey of primary care pe-
diatricians and child and adolescent psychiatrists found
specialty-related variation in pediatricians’ perceived re-
sponsibility to identify, treat, and refer children with ADHD
(29). Nonetheless, these studies did not directly investigate
the association between continuity of care and physician and
practice characteristics related to treatment options.

We sought to address gaps in previous studies in regard to
the potential effects of socioeconomic and service provider
factors on the multiphase process of identifying medical needs,
making treatment decisions, and obtaining continuous health
care by examining data from a cohort of preschoolers who had
recently received an ADHD diagnosis. We examined whether
family socioeconomic characteristics and provider-level factors
explain differences in initial treatment status and treatment
mode among children in Taiwan’s universal health insurance
program. We also looked at one-year utilization patterns.

METHODS

Data Source
This study used 2001–2007 data from the National Health
Insurance Research Database (NHIRD) in Taiwan. The da-
tabase is derived from Taiwan’s National Health Insurance
Program (NHIP), which has provided comprehensive medical
care coverage to all civilian residents since 1995. The database
is maintained by the National Health Research Institute
(NHRI) for research purposes. The 2004 coverage rate for
individuals younger than 19 years was estimated at 98.7% (30).
Each beneficiary has a unique encrypted identification number
in the NHIRD that links all insurance information and health
care records. Because referrals are not required, beneficiaries
who contribute different registration fees and copayments can
access health care providers of any specialty or at any medical
institution level. The NHRI’s institutional review board ap-
proved this study.

We used a retrospective longitudinal design. The original
sample included children born between 2001 and 2003 who
were initially given a diagnosis of ADHD (ICD-9-CM code 314.
XX) between the ages of three and five (from 2004 to 2006)
(N=7,196). To accurately diagnose ADHD among preschoolers,
careful clinical and diagnostic assessments and behavioral
observations, whichmay require two or three outpatient visits,
are necessary. To ensure the validity of diagnoses, the study

TABLE 1. Characteristics of 3,583 preschool-age children in
Taiwan with a new diagnosis of ADHD

Variable N %a

Gender
Male 2,720 76
Female 863 24

Premium category
Poverty 68 2
Near poverty 778 22
Middle income 1,659 46
High income 1,078 30

Primary insured
Father 2,089 58
Mother 1,383 39
Other 111 3

Urbanicity
Urban 1,369 38
Suburban 1,985 55
Rural 187 5

Residential region
Northern 2,154 60
Central 605 17
Southern 766 21
Eastern 42 1

Comorbid mental disorderb

Anyc 1,578 44
Developmental delay 1,442 40
Autism 255 7
Mental retardation 132 4

History of catastrophic physical illness
No 3,463 97
Yes 120 3

Age at initial diagnosis
3 1,111 31
4 1,366 38
5 1,106 31

Specialty of physician making
initial diagnosis
Physiatrist 2,081 58
Psychiatrist 1,148 32
Pediatrician 321 9
Other 33 1

Medical institution for initial diagnosis
Clinic 942 26
District hospital 381 11
Regional hospital 1,161 32
Medical center 1,099 31

Different physicians at first 3 visits
No 2,238 62
Yes 1,345 38

Initial treatment
None 571 16
Medication only 142 4
Psychosocial 903 25
Rehabilitation only 473 13
Combined 1,494 42

a Percentages may not add to 100% because of missing data.
b Diagnosis received before ADHD diagnosis
c ICD-9-CM codes 290–316, excluding 314.XX
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included only patientswho had at least two outpatient visits for
ADHD in a six-month period after the initial diagnosis. Thus
the final sample included 3,583 children, whose health care
records from birth through one year after the initial ADHD
diagnosis were retrieved.

Measures
Information on individual demographic (for example, gen-
der, age, and region), clinical, and socioeconomic charac-
teristics was obtained from the beneficiary registry data files.
History of mental disorders was categorized as positive if
before the initial ADHD diagnosis, the child had received
a mental disorder diagnosis other than ADHD (ICD-9-CM
code 290–316, excluding 314.XX). Several major mental
disorders were individually specified, including autism
(299.0X), mental retardation (317, 318.0, 318.1, 318.2, and
319), and developmental delay (315.XX). History of cata-
strophic physical illness (for example, congenital deficiency
and cerebral palsy), as defined by the NHIP, was also assessed
from birth onward. Since the NHIP premium was income
based during the study period, we grouped insurance pre-
mium into four levels (high income,middle income, near poor,
and poverty), which served as a proxy measure for the child’s
socioeconomic status (31). The person designated as “primary
insured” was recorded (father, mother, or other) as the
employed individual responsible for the child’s insurance.
The insured individual’s residential urbanicity was docu-
mented as a measure of health care resource accessibility.

Medical institution and physician were two major service
provider variables. First, we classified all medical institu-
tions into four categories according to specifications of the
Hospital Accreditation System of Taiwan. Specialist physi-
cians, such as psychiatrists, pediatricians, physiatrists, and
others (for example, family medicine specialists), were iden-
tified, and data were separately retrieved. In the NHIP, phys-
iatrists can provide care by prescribing medications (for
example, methylphenidate) and providing alternative therapy
(for example, sensory integration training or physical exercise

training) for ADHD treatment (32,33). For each child, ADHD
service volume for diagnosing physicians was defined on the
basis of the percentage of ADHD visits in the calendar year
before the initial diagnosis. A similar measure was created
for the physicians who provided initial treatment. Change
of physician was noted in cases when a preschooler had re-
ceived the ADHD diagnosis from two or more physicians dur-
ing the first three visits.

ADHD treatment was first categorized in two ways:
medication and nonmedication. During the study period,
methylphenidate was the only ADHD medication covered
by the NHIP. Reimbursed nonmedication treatment in-
cluded psychotherapy (for example, behavior modifica-
tion, supportive psychosocial psychotherapy, and family
therapy) and rehabilitation therapy (for example, physical
exercise, sensory integration training, and occupational
therapy). On the basis of health care received in the two
months after the initial diagnosis, initial treatment mode in-
cluded none, medication treatment only, psychosocial treat-
ment, rehabilitation treatment only, and combined treatments
(both medication and nonmedication treatment). For any
treatment mode, termination was defined as occurring when
a child did not receive treatment for 90 days.

Statistical Analysis
Descriptive statistics for family, clinical, and health care
provider variables were first calculated by cross-tabulation.
The association of initial treatment status and mode with
family and health care provider variables was assessed by
using binary and multinomial logistic regression analyses.
Next, we used Kaplan-Meier survival curves to estimate the
cumulative probability of treatment retention among chil-
drenwho initiated treatmentwithin twomonths of receiving
the initial ADHD diagnosis, with the log-rank test to exam-
ine differences in survival functions across the four major
treatment modes in Taiwan. Finally, to investigate factors
associated with treatment termination, we used a Cox pro-
portional hazards model. The addition of a new treatment

FIGURE 1. Receipt of treatments in the year after initial ADHD diagnosis among 3,583 preschool-age children in Taiwan
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(that is, the add-on treatment) was treated as a time-varying
covariate in the final model. All tests were two-sided, and an
alpha value of .01 was used to reduce the risk of type I error.
The data were prepared and the analyses were performed
with SAS 9.2 software.

RESULTS

Table 1 presents data on selected individual and service
provider characteristics of young children with ADHD.
More than three-quarters of the childrenwere frommiddle- or
high-income families, and nearly 60% were insured under
theirworking fathers.Most children received the initial ADHD
diagnosis from physiatrists and psychiatrists (58% and 32%,
respectively) and at a medical center or regional hospital (31%
and 32%, respectively).

Over half of the children were not receiving treatment
at the end of the third month after the initial diagnosis
(Figure 1). The decline in treatment use reached a plateau at
nine months after the diagnosis. Only 11.6% were still re-
ceiving combined treatment at 12 months, similar to the
proportion receiving nonmedication treatment (psychoso-
cial and rehabilitation only) (12%).

When the main confounders were adjusted simulta-
neously, results indicated that none of the socioeconomic
characteristics examined was associated with initial ADHD
treatment status or treatment mode (Table 2). Two factors
were associated with increased ADHD treatment initiation:
receiving the first diagnosis from a psychiatrist or pediatrician
(adjusted odds ratios [AOR]=3.95 and 44.52, respectively,
p,.001) or from a high-level hospital (district hospital,
AOR=3.02; regional hospital, AOR=13.29; and medical center,
AOR=11.17; p,.001). Among children who received treatment
within the first two months (N=3,012), those who received the
initial diagnosis from a psychiatrist were 1.6 times more likely
to initiate combined treatments and less likely to receive
medication treatment only (AOR=.17, p,.001) or rehabilitation
treatment only (AOR=.02, p,.001), compared with peers re-
ceiving psychosocial treatment.

For children who received rehabilitation treatment only
(Figure 2), approximately 45% remained in such treatment at
the end of six months. The corresponding estimates for psy-
chosocial treatment, medication treatment only, and combined
treatment were 29%, 25%, and 17%, respectively. The observed
patterns of treatment retention differed significantly by mode
at 12 months after treatment initiation (log-rank test, p,.001).

Predictors of treatment termination at one year varied by
treatmentmode (Table 3). For combined treatment, children
from families in poverty (adjusted hazard ratio [AHR]=1.72,
p,.05) or from a rural region (AHR=1.40, p,.05) tended to
terminate treatment more quickly. For psychosocial treat-
ment, receiving initial treatment from a psychiatrist in-
creased the likelihood of treatment termination (AHR=1.80,
p,.001). For rehabilitation treatment only, receipt of initial
treatment from a physician with higher ADHD service vol-
ume increased the likelihood of treatment terminationT
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(AHR=3.02, p,.001). Having a history of other mental dis-
order lowered the likelihood of early treatment termination
(AHR=.6, p,.001).

DISCUSSION

Three major findings emerged from our study of a pop-
ulation-based cohort of 3,583 young children in Taiwan who
had recently received a diagnosis of ADHD. First, over 80%
of the children received treatment within a month of the
initial diagnosis, and more than half of the treated children
received combined treatments. Second, children who re-
ceived the initial diagnosis from a physician with a specialty
in psychiatry or pediatrics or at a high-level medical in-
stitution were more likely to start treatment within the first
two months of diagnosis. Finally, the one-year termination
rate was lowest for children who received rehabilitation
treatment only. Predictors of treatment termination differed
by treatment mode; by and large, the role of health care
providers appeared more salient than that of family socio-
economic status.

The first year after the initial diagnosis has been identi-
fied as critical in terms of early intervention and treatment
(21). Effective intervention can not only reduce ADHD-
associated social and learning problems, but it can also
provide optimal opportunity to improve developmental
outcomes (14). In this study of preschoolers, we found that
nonmedication treatment (alone or in combination with
medication) was more common than prescription of stimu-
lant medication as the initial treatment. In previous studies
(34), the age ranges and clinical profiles (for example, ADHD
severity and comorbidmental disorders) of the children may
have differed from those in our sample. In addition, medical

professionals’ recommendations and cul-
tural or societal variations in parental
preferences in regard to ADHD treatment
may explain the lower use ofmedication in
our study (32,35).

Our estimate of use of stimulant me-
dication as the initial treatment (ap-
proximately 45%) is generally consistent
with rates in prior cross-sectional studies
(25,34). However, the proportion of chil-
dren receiving methylphenidate in our
study dropped to 17% at six months after
the initial diagnosis (14.2% for combined
treatments plus 2.5% for medication
only), our estimates of stimulant use were
lower than in previous reports. The rela-
tively lower rates of treatment continuity
probably resulted from the limited avail-
ability and accessibility of pediatric de-
velopmental care in primary care settings,
because almost 50% of the children in the
study had received their initial diagnosis
at a medical center. Other reasons may

include caregivers’ lack of information about ADHD treat-
ment, concerns regarding the stigma of ADHD, perceived
benefit of treatment, and relatively low school adjustment
stress (32,36,37).

In contrast to prior research (22,24), our findings suggest
that neither urbanicity nor family income was related to the
initial treatment received or to treatment retention. Such
discrepancies may result from differences in sample char-
acteristics associated with insurance eligibility (for example,
U.S. Medicaid versus the Taiwan NHIP) and coverage for
ADHD treatment (25,34). Another plausible explanation is
that the case definition of three or more outpatient visits for
ADHD in this study may have limited our sample to children
with similar socioeconomic status or medical conditions. Fi-
nally, regardless of treatment mode, the add-on treatment had
no effects on retention, indicating that for preschoolers with
ADHD in Taiwan, sequenced treatment alternatives are either
uncommon (most started with combined treatment) or are
adopted at the end of the treatment course. The former expla-
nation is also supported by the observation that the treatment
shift rate was lower than rates reported in prior research (25).

Our analysis demonstrated that the specialty of service
providers played a significant role in both treatment initiation
and termination. Specifically, receiving the initial ADHD di-
agnosis from pediatricians or psychiatrists may increase the
likelihood of treatment initiation; however, receiving initial
treatment frompsychiatristswas associatedwith amore rapid
termination of psychosocial treatment, medication treatment
only, and combined treatment. This seemingly paradoxical
observation may be partially explained by specialty-related
variation in the practice guideline for treatment of children
with ADHD and in awareness of and adherence to clinical
guidelines in treating children with psychotropic medication

FIGURE 2. Retention in treatment in the year after initial ADHD diagnosis among
preschool-age children in Taiwana
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a Retention rate differed significantly by mode at 12 months after treatment initiation (log-rank
test, p,.001).
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(12,38). For example, given the fact that the course of psy-
chosocial treatment for children with ADHD (for example,
family therapy or behavioral consultation) often lasts no
longer than six months in Taiwan, the rapid termination in
psychosocial treatments related to receiving treatment from
a psychiatrist may simply reflect treatment completion.

Of note, the ADHD service volume of health care pro-
viders also had an effect on the initial treatment option and
long-term treatment retention. Among children who initi-
ated treatment, receiving the diagnosis from a physician
with a higher ADHD service volume was associated with an
increased likelihood of medication treatment. However, re-
ceiving rehabilitation treatment from a physician with
a higher ADHD service volume also led to more rapid ter-
mination. This observation may have resulted from differ-
ences in patient profiles associated with treatment indication

or option (for example, ADHD severity), or it may have been
the result of limited availability of outpatient appointments
for nonmedical treatments or limited appointments resulting
from high ADHD service volume.

We found that receiving the initial diagnosis from a higher-
level medical institution was generally associated with greater
odds of initiating treatment. The results remained robust after
statistical adjustment for individual and clinical characteristics,
suggesting a greater gap in accessing specialist pediatricmental
health care (for example, clinical psychologists) in primary
care clinics, and may highlight the need to improve access to
specialist treatment in local communities (39). Finally, among
young children who received initial treatment, the observed
differences in treatment mode bymedical institution level may
be partly explained by the variation in the referral network and
by the expertise and specialties of medical team members.

TABLE 3. Analysis of family and provider characteristics as predictors of 12-month treatment termination among 3,012 preschoolers
with a new diagnosis of ADHD who received treatment

Characteristic

Nonmedication treatment

Psychosocial
(N=903)

Rehabilitation only
(N=473)

Medication only
(N=142)

Combined treatment
(N=1,494)

AHRa 95% CI AHRa 95% CI AHRa 95% CI AHRa 95% CI

Family and clinical
Premium category (reference:
high income)

Middle income 1.09 .92–1.31 1.12 .86–1.45 1.60 .97–2.64 1.05 .93–1.20
Near poverty 1.19 .97–1.47 .98 .71–1.34 .84 .44–1.59 1.05 .90–1.23
Poverty .45 .18–1.01 .74 .20–2.70 .69 .14–3.36 1.72 1.09–2.70

Urbanicity (reference: urban)
Suburban 1.04 .89–1.23 .97 .76–1.25 1.42 .86–2.35 .92 .82–1.04
Rural 1.07 .73–1.57 .85 .50–1.44 1.03 .36–2.94 1.40 1.06–1.85

Primary insured (reference: father)
Mother 1.03 .88–1.21 .88 .70–1.12 .87 .54–1.40 1.11 .99–1.24
Other 1.31 .76–2.26 2.30 .91–5.80 1.94 .62–6.05 .74 .51–1.08

History of other mental disorder
(reference: no)

.86 .74–1.01 .60** .47–.76 .75 .50–1.12 .76** .67–.85

History of catastrophic illness
(reference: no)

.57* .36–.92 .51 .26–1.01 2.63 .61–11.43 .85 .62–1.16

Add-on treatment (reference: no)b,c 1.05 .84–1.33 .90 .56–1.44 1.29 .63–2.63 na na

Health care provider
Specialty of physician prescribing
initial treatment (reference:
physiatrist)

Pediatrician 1.27 .97–1.67 9.60 .85–108.00 1.34 .59–3.05 1.01 .84–1.22
Psychiatrist 1.80** 1.46–2.22 na 2.15 1.15–4.04 1.38** 1.20–1.60

$50% ADHD service volume of
initially treating physician
(reference: ,50%)

1.16 .93–1.45 3.02** 2.02–4.51 .67 .39–1.14 1.05 .90–1.23

Diagnosis and treatment by different
physicians (reference: no)

.82 .57–1.20 1.27 .64–2.51 2.36 .87–6.42 .72 .56–.92

Medical institution for initial treatment
(reference: clinic)

District hospital .65 .37–1.15 .62* .46–.83 .47 .24–.91 1.05 .79–1.40
Regional hospital .73 .44–1.20 .91 .54–1.52 .99 .50–1.96 1.08 .86–1.36
Medical center .75 .45–1.27 1.30 .31–5.42 .93 .19–4.58 .99 .80–1.23

a Adjusted hazards ratios (AHRs) were obtained via survival analyses with simultaneous adjustment for gender, residential region, age at initial ADHD diagnosis,
and all listed variables.

b Time-dependent variable
c Either medication or nonmedication (psychosocial or rehabilitation)
* p,.01, **p,.001
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This study had several limitations. First, because our
analyses were based solely on NHIP data sets, children
whose treatment or health care was paid for out of pocket or
by government funding (for example, early intervention
programs) were not included, which may have led to an
underestimated treatment rate. Another limitation was the
lack of clinical validity of ADHD diagnoses. The criterion of
three or more outpatient visits that we adopted to enhance
clinical validitymay have introduced some bias. To illustrate,
post hoc analyses indicated that childrenwhowere excluded
from the study because they had fewer than three visits
tended to have a lower premium (p,.001), suggesting that
the children in our study may have come from families of
relatively advantaged socioeconomic status. For sensitivity
analyses, we repeated the series of analyses with patients
who had at least one outpatient visit after the initial ADHD
diagnosis (N=5,172); the results were generally similar in
terms of direction and magnitude of the association.

Notwithstanding these limitations, the study is among the
first to investigate ADHD treatment options in a preschool-
age population. In addition, having a large, nationally rep-
resentative sample allowed us to explore treatment options
more closely. Analyses that consider changes in treatment
options over time may provide a unique opportunity to
evaluate clinical characteristics (for example, hospital-level
factors and specialty of the physician making the initial di-
agnosis) from a long-term perspective. Finally, our focus on
incident cases may have reduced susceptibility to bias
resulting from reciprocal relationships (for example, certain
clinical characteristics may change as a result of ADHD
treatment). In addition, the nature of the longitudinal follow-
up in this study helped establish a temporal sequence for ob-
served association.

CONCLUSIONS

This population-based longitudinal study demonstrated an
unmet health care need among young children with ADHD
in Taiwan. Our findings reinforce the importance of de-
veloping consensus across specialties regarding diagnosis,
management, and referral in the preschool-age population
with ADHD. To ensure that children receive high-quality
continued treatment for ADHD, community-based compre-
hensive and coordinated pediatric developmental care should
be considered to address the medical and social welfare needs
of children with ADHD and their families (for example,
medical homes) (40). Additional research is needed to identify
organizational structures and insurancemechanisms that drive
specialty-related differences in health care–seeking processes.
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