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The aim of this study was to determine the prevalence of attention deficit hyperactivity
disorders (ADHD) in children according to socio-demographic factors and the distribution
of ADHD subtypes in a community in Korea. A screening survey using the Korean version
of ADHD Rating Scale (K-ARS) was conducted between 2007 and 2008, and clinical
interviews by a pediatric psychiatrist were performed for selected children between 2009
and 2010. A total of 49,573 elementary school students, between ages of 7 and 12,
constituted the target population, among which 38,365 students (77.2%) and respective
parents gave consent to participate. Of the participants, 200 screened children were
clinically examined to confirm the diagnosis of ADHD. We estimated the prevalence of
ADHD and its comorbidity in the population, after adjusting for nonresponse and
nonparticipation. The prevalence of ADHD was 11.7% in boys and 5.2% in girls, with an
overall prevalence of 8.5%. The combined type of inattentive and hyperactive was the
most frequent at 4.7% of the whole population. Children were more likely to have ADHD

Medicine, Cheonan, Korea; ®Department of Hospital
Management, Yonsei University Graduate School of
Public Health, Seoul, Korea

if their parents were separated and had less education. Most commonly combined
comorbidity was autism spectrum disorder (ASD) (10.1%). The prevalence of ADHD in the

school-aged population is an essential information for improving the quality of public
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a neurobe-
havioral disorder characterized by core symptoms of inatten-
tiveness, hyperactivity, and impulsivity. According to predomi-
nant symptoms, the Diagnostic and Statistical Manual of the
American Psychiatric Association (Diagnostic and Statistical
Manual of Mental Disorders 4th edition [DSM-1V]) recognizes 3
subtypes of ADHD: predominantly inattentive, predominantly
hyperactive-impulsive, and combined subtype (1).

ADHD is 1 of the most common mental disorders in children
between the ages of 5 and 15 years and affects approximately
8%-12% of children worldwide (2). Its impact on society is enor-
mous in terms of financial cost, stress to families, interference
with academic and vocational activities, as well as negative ef-
fects on self-esteem (3). Due to the substantial burden of this
disease, an accurate estimate of ADHD prevalence is essential.
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health mental services for evaluation and treatment of ADHD.
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In Korea, some studies have reported ADHD in association to
environmental exposure to chemicals, genetic components,
and co-morbidity of other psychiatric disorders (4,5). The prev-
alence of ADHD among the adults have been studied in a small
scale (6-8), which did not provide information on the preva-
lence in children. The prevalence of ADHD in children was re-
ported with a wide range such as 5.9% and 9.0% in Korea, even
though they were confined to Seoul (9,10).

The present study was conducted to estimate the prevalence
of ADHD and its comorbidity among Korean children in a com-
munity by a screening questionnaire with a rating scale and di-
agnostic clinical assessment.

MATERIALS AND METHODS

Study population
This study was conducted between 2007 and 2010 in Cheonan,
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which is a medium sized city with a mix of urban, rural, and in-
dustrial areas (Korea). The number of school-aged children in
Cheonan is 49,273, which was the target population and includ-
ed all students in 65 elementary schools (1st to 6th grade) from
between September 2007 and August 2008. Of the 65 schools,
49 schools agreed to participate (n = 38,365 children) (Fig. 1). A
total of 30,552 children, with respective parents, agreed to par-
ticipate and responded to the Korean version of ADHD Rating
Scale (K-ARS). Between 2009 and 2010, a pediatric psychiatrist
clinically assessed selected children who showed positive result
in screening on K-ARS and were in either 1st or 2nd grade at the
time of screening (n = 200). Written informed consent was ob-
tained from the parents or guardians and also from children,
prior to study participation.

ADHD diagnosis

We used a 2-stage design for case identification (Fig. 1). In the
first stage, a systematic screening was performed using the K-
ARS, an 18-item questionnaire assessing inattentiveness and
hyperactivity (11). The score of K-ARS can be between 0 and 54.
Screen positive were defined the score of K-ARS was greater
than 18. All parents or guardians were asked to complete the K-
ARS. Children were considered to be screen-positive for the K-
ARS scores greater than 18. In the second stage, the screen-pos-
itive children were evaluated by a standardized clinical assess-

ment. Among the 1st and 2nd grade students, 957 children show-
ed screen-positive, and extensive efforts were made to contact
parents of these children. Among these parents, 20.9% (n = 200)
provided consent for diagnostic evaluations. Children whose
parents could not be contacted or did not agree to participate
were classified as nonparticipants.

All diagnostic interviews were performed by a pediatric psy-
chiatrist using the standard procedures for diagnosing ADHD,
including the Attention-deficit Diagnosis System (ADS) and the
Korean version of the modified computerized test of variables
of attention (TOVA) (12). The children with standard score great-
er than 70 with ADS as like TOVA and if they met the DSM-IV
criteria for attention-deficit hyperactivity disorder, they were
diagnosed as having ADHD. The pediatric psychiatrist identi-
fied the dominant ADHD symptom domain (inattentive, hy-
peractive, or combined subtype) for each case based on all the
results: the K-ARS score (= 9 for each symptom domain), or ADS
score (> 60 for each symptom domain), and DSM-1V criteria.

Co-morbidity diagnosis

Additional assessments were performed using the scales such
as the Behavior Assessment System for Children IT (BASC-II),
Korean Child Behavior Checklist (K-CBCL), Kovacs’ Children’s
Depression Inventory (CDI), State Anxiety Inventory for Chil-
dren (SAIC), Trait Anxiety Inventory for Children (TAIC), Kore-

Population-based

Estimated screen positive

(n=4,077,8.2%; 4,077/49,573)

Estimated screen positive in 1st and 2nd grade children

(n =1,594, 39.1%; 1,594/4,077)

Estimated clinically confirmed ADHD

Step Sample-based
1 Target population : 1st to 6th grade children
(n = 49,573)
2 Agreed to participate
(n = 38,365, 77.4%)
3 Responded to K-ARS
(n=30,552, 61.6%)
2 Complete responders to K-ARS
(n = 29,335, 59.2%)
5 Screen positive (K-ARS > 19)
(n = 2,497, 8.5%; 2,497/29,335)
6 Screen positive in 1st and 2nd grade children
(n =957, 38.3%; 957/2,497)
7 Participated in clinical assessment
(n =200, 20.9%; 200/957)
8 Clinically confirmed ADHD
(n =168, 84.0%; 168/200)

Fig. 1. Flow diagram of case identification process for ADHD.

(n=1,342, 84.2%; 1,342/1,594)

ADHD = attention deficit hyperactivity disorder, K-ARS = Korean version of ADHD Rating Scale.
*The numbers of 1st and 2nd grade student responding to K-ARS were 11,097 in sample-based and 18,038 in population-based processes.
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an Wechsler Intelligence Scale for Children (K-WISC)-III, and
an evaluation for Tic symptoms. These scales were administered
to the parents or guardians when children came to visit the pe-
diatric psychiatrist for the clinical assessment.

Socio-demographic factors

The screening questionnaire was used to obtain the following
socio-demographic factors: gender, age (years), parental mari-
tal status (not married, cohabited, separated, divorced, bereaved,
married, and unknown), educational level of father/mother (< 12
years, 12 years, >12 years), and occupation of father/mother
(yes, no).

Statistical analysis
The rate of positive results in ADHD screening was estimated
from the scores of screening questionnaires and diagnostic as-

sessments. Its point estimate was computed at the population
level with proper survey weights. The weights were developed
to compensate for both nonresponding schools and nonpartic-
ipating subjects (either students or parents). Since there was no
sampling involved, the initial weights of both schools and stu-
dents in the population were set to one. Then, each weight was
inflated with the corresponding multiplicative adjustment fac-
tor to compensate for nonresponse. A basic assumption behind
nonresponse adjustments is that nonresponse does not depend
on either survey variables or other characteristics related to the
survey unit, which is technically termed as “missing completely
at random (MCAR)” The detailed method was provided as the
supplementary material. Point prevalence was estimated by gen-
der, age, parental marital status, educational level of parents, and
any occupation of parents.

Simple logistic regression analysis was used to assess the as-

Table 1. Screen positive (%) of ADHD according to socio-demographic characteristics (n = 29,335)

Characteristics No. of children No. of ADHD Prevalence, % 95% Cl OR 95% Cl
Al 29,335 2,497 8.5 8.2,8.8 2.20,2.63
Gender 2.20,2.63
Male 14,608 1,717 11.7 11.2,12.3 2.41
Female 14,607 763 5.2 49,56 (ref)
Unknown 120 17 14.1 7.9,20.3
Age, yr
7 or younger 6,749 531 8.2 7.6,8.9 1.06 0.92,1.24
8 4,890 482 9.8 8.9,10.6 1.29 1.10,1.50
9 4,842 416 8.5 7.7,9.3 1.11 0.95,1.30
10 4777 407 8.5 7.7,9.2 1.10 0.94,1.29
11 4,461 373 8.3 7.5,9.1 1.07 0.91,1.26
12 or older 3,616 288 7.8 6.9,8.6 (ref) -
Parental marital status
Not married 2,116 159 7.9 6.7,9.0 1.01 0.85,1.19
Cohabited 2,608 224 8.6 7.5,9.7 1.11 0.96, 1.28
Separated 238 51 221 16.8,27.4 3.3 2.45,4.59
Divorced 898 174 19.6 17.0,22.2 2.88 2.42,3.42
Bereaved 272 26 9.8 6.3,13.4 1.29 0.86,1.93
Married 21,567 1,692 7.8 75,82 (ref) -
Unknown 1,636 171 104 8.9,11.9 -
Father’s education, yr
<12 587 119 20.8 17.5,24.1 3.56 2.89,4.38
12 10,803 1,069 9.9 9.4,10.5 1.50 1.37,1.63
>12 16,932 1,173 6.9 6.5,7.3 (ref) -
Unknown 1,013 136 13.7 11.6,15.8
Mother’s education, yr
<12 589 106 18.3 151,214 3.16 2.53,3.94
12 15,260 1,404 9.3 8.8,9.7 1.45 1.32,1.58
>12 12,413 827 6.6 6.2,7.0 (ref) -
Unknown 1,073 160 14.7 12.6,16.8 -
Father’s occupation 1.89,4.16
No 150 29 20.0 13.6,26.3 2.81
Yes 27,639 2,259 8.2 7.8,8.5 (ref)
Unknown 1,546 209 13.7 11.9,154
Mother’s occupation 0.70,0.84
No 12,841 925 7.2 6.7,7.6 0.77
Yes 13,942 1,269 9.2 8.7,9.6 (ref)
Unknown 2,552 303 12.0 10.7,13.2

ADHD = attention deficit hyperactivity disorder, CI = confidence interval, OR = odds ratio.
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Table 2. Prevalence estimates of ADHD subtypes by gender (n = 29,335)

Subtype No. of children Estimated prevalence, % 95% Cl
Al 2,497 8.5 8.2,8.8
Inattentive 922 3.1 2.9,33
Hyperactive 199 0.7 0.6,0.8
Combined 1,377 4.7 45,49
Male 1,715 1.7 11.4,12.1
Inattentive 611 4.1 39,43
Hyperactive 136 1.0 09,1.1
Combined 968 6.6 6.4,6.9
Female 763 5.2 5.0,5.5
Inattentive 309 2.1 2.0,2.3
Hyperactive 61 0.4 04,05
Combined 394 2.7 25,29

ADHD = attention deficit hyperactivity disorder, Cl = confidence interval.

sociation between ADHD risk (evaluated as screen positive) and
socio-demographic covariates. The statistical significance of
differences between estimates was assessed by using logistic
regression; odds ratios (ORs) and 95% confidence intervals (Cls)
are reported. Both precision measures (standard errors [SEs]
and CIs) were computed by using the above weights, downscaled
to make the sum equal to the total number of K-ARS respond-
ing students. Such an additional adjustment would reserve the
proper compensation for the nonresponse and would also help
avoid overstating the precision. Statistical analyses were con-
ducted using proc logistic procedure in SAS (version 9.2; SAS
Institute, Cary, NC, USA). P values of less than 0.05 were con-
sidered statistically significant.

Ethics statement

The present study protocol was reviewed and approved by the
Institutional Review Board of Dankook University College of
Medicine (Reg. No. 0801-006). Informed consent was submit-
ted by all subjects when they were enrolled.

RESULTS

Subjects characteristics

The mean age was 9.2 years with a standard deviation of 1.7. The
majority of parents who responded was married (77.9%), em-
ployed (76.2%), and had graduated from high school (97.9%).
Details regarding the distribution of socio-demographic vari-
ables are summarized in Table 1.

Prevalence of ADHD

The median values (Q1-Q3) of K-ARS score of boys and girls
were 8 (4-14) and 5 (2-10), respectively. The screen positive of
ADHD among boys and girls were 11.7% and 5.2%, respectively
(Table 1). The point prevalence of ADHD in the community was
85 per 1,000 children, as estimated from on the results of screen-
ing questionnaire and diagnostic assessment (Table 2). Boys
were 2.4 fold more likely to have ADHD than girls, with preva-
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Table 3. Co-morbidity between ADHD and other psychiatric disorders in a sample of
200 children

No. of Estimated No.
Comorbid diagnosis ADHD in % of ADHD in %

sample population
ADHD 145 87.3 1,171 86.3
ADHD-+Anxiety 1 0.5 7 0.6
ADHD+Depression 5 2.8 38 3.0
ADHD+ASD 15 8.4 113 8.9
ADHD-+ASD+Depression 1 0.5 7 0.6
ADHD-+ASD+Depression+Anxiety 1 0.5 7 0.6
Total 168 100.0 1,342 100.0

ADHD = attention deficit hyperactivity disorder, ASD = autism spectrum disorder.

lence of 117 per 1,000 boys and of 52 per 1,000 girls. Eight-year-
old children showed the highest ADHD prevalence in this study.
Children with separated parents were at 3.4 fold greater odds of
having ADHD than those with married parents. Children whose
father or mother was educated for less than 12 years had more
than 3 fold higher risk of having ADHD than children whose
parents were educated for 12 or more years. Children whose fa-
thers did not have an occupation or whose mothers did have an
occupation were at a greater risk of having ADHD.

ADHD subtypes and co-morbidity

The combined subtype was most prevalent, and followed by
the inattentive type and hyperactive type (Table 2). Table 3 il-
lustrates psychiatric co-morbidities for the 200 children with
clinically diagnosed ADHD. Among these, 23 subjects (12.7%)
had at least 1 co-morbid disorder. Autism spectrum disorder
(ASD) was the most common co-morbidity, followed by depres-
sion and anxiety.

DISCUSSION

Epidemiological studies have reported highly variable rates of
childhood ADHD prevalence worldwide, ranging from 2.2% to
17.8% (13-21). This wide discrepancy between studies could be
due to methodological differences, use of different systems of
classification, and variations in ADHD definition. In this study,
the prevalence of ADHD among Korean children in a commu-
nity was 8.5% (95% CI, 8.2-8.8), which is slightly higher com-
pared to the pooled worldwide ADHD prevalence of 6.8% in a
meta-analysis (20), and is in between those reported as children’s
ADHD prevalence in Seoul, 5.9% (9) and 9.0% (10). To our knowl-
edge, our study is the first large-scale epidemiological survey
on ADHD among Korean in a community.

ADHD is diagnosed approximately 3 times more often in boys
than in girls (22-24). The gender ratio in this study was similar
with the previous reports. It is reported that this difference be-
tween genders may reflect either a difference in susceptibility
or that females with ADHD are less likely to be diagnosed than
males (25). However, the underlying physiological mechanism

https://doi.org/10.3346/jkms.2017.32.3.401
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that causes ADHD is still not thoroughly understood and re-
mains under investigation.

A significantly higher prevalence of ADHD was found among
children whose parents were separated or divorced and/or less
educated. This can be interpreted by the fact that children whose
parents are separated or divorced do not receive proper atten-
tion and care from parents, and this leads to a greater incidence
of ADHD symptoms. This was not the case in children being
raised by a single parent in bereavement. Interestingly, children
with unemployed fathers showed a higher prevalence of ADHD,
while those with unemployed mother showed lower prevalence.
This might be attributed to the traditional roles of each parent,
i.e., father as the head of household, and mother as the home-
maker. Even though the percentage of working mothers in Ko-
rea had spiked to 43.6% in 2011, only 9.2% of wives conceded
that the division of household labor is equally assigned in a study
(26).

Currently, there are 2 diagnostic criteria used to diagnose
ADHD in children, DMS-IV and International Classification of
Diseases 10th edition (ICD-10). Both classifications utilize lists
of behaviors to consider in the process of diagnosing hyperac-
tive conditions. The main differences between DSM-IV and ICD-
10 pertain to the concomitance of the 3 domains (inattention,
hyperactivity, and impulsivity), the exclusion of co-morbidity,
and the degree of pervasiveness. The ICD-10 criteria require a
full set of symptoms in all 3 domains, whereas the DSM-IV rec-
ognizes 3 subtypes of the disorder - the predominantly inatten-
tive type, the predominantly hyperactive-impulsive type, and
the combined type. The results reported in our study are in line
with that of another study, in terms of prevalence of ADHD sub-
type (combined more frequent, and inattentive followed by hy-
peractive less frequent) (18).

During the past decade, accumulated evidence has indicated
that symptoms of ADHD persist into adulthood for 30% to 50%
of children diagnosed with this disorder (27). ADHD is a chron-
ic, debilitating disorder that may affect many aspects of an indi-
vidual’s life, including academic difficulties, social skills prob-
lems, and disturbances in parent-child relationship. Childhood
psychiatric disorders can prevent a young person from reach-
ing full potential by disrupting normal development. Preven-
tion, detection, and treatment of ADHD are important not only
to relieve current distress but also to improve adult functioning
and to prevent the perpetuation of this disadvantage to subse-
quent generations of individuals. The management of ADHD
typically involves psychotherapy or medications, and the evi-
dence is strong for the effectiveness of behavioral treatments
and pharmacotherapy. However, in the absence of adequate
recognition of the disorder by the medical community, the teach-
ing profession, and the public in general, children with ADHD
are unlikely to receive the assistance they require to achieve full
developmental potential at school, at home, and into adulthood.

https://doi.org/10.3346/jkms.2017.32.3.401

The main result purpose of this study was the identification of
the epidemiological information for providing an estimation of
the overall prevalence of disorder in a community.

Our findings have to be interpreted in the light of certain lim-
itations. First, we did not analyze the negative predictive value
of the screening test used, which could have been evaluated by
including the children with negative result on K-RAS scale. Hence,
the prevalence rate reported in our study may have been un-
derestimated. Second, the study was carried out in elementary
schools and did not include schools for children with special
needs. As such, the results cannot be generalized to the whole
childhood population of the country. Third, children from only
1 region of the country were included. Fourth, people of low so-
cioeconomic status and those living in rural environments are
both less likely to participate in research and to have higher rates
of psychiatric illnesses. Even though we weighed the estimates
for nonresponse, the effect of nonresponse might not be fully
considered.

Despite the limitations, our study has added a new insight
into the existing knowledge on ADHD prevalence. These results
underline the importance of applying a screening methodology
in schools, which could easily be applied to other mental disor-
ders of childhood. Understanding the impact of ADHD in the
general population may help clinicians to develop an adequate
service, in terms of both psychological screening and treatments,
and possibly to prevent the onset of other disorders in co-mor-
bidity during a patient’s lifespan.
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SUPPLEMENTARY MATERIAL
Supplementary Description on Survey Weight Developments

1. Survey Weights for Estimation of Screen Positive Prevalence

1.1. Target population for screening survey

The target population included all 49,573 elementary school students of ages 7 through 12 enrolled in the period 2007-2008 in 65
elementary schools in Cheonan City, who were identified through the elementary school system.

1.2. Adjustment for children in nonparticipating schools

For this study, only 49 schools agreed to participate among the 65 schools, covering up to 80.16% (i.e., 38,365 students) of the stu-
dents in the target population. An evaluation of participating propensity among schools was carried out with a logistic regression
model using a number of school characteristics including school location (urban vs. rural), school type (public vs. private), and
school size of the enrollments (large vs. small). There were no significant differences between participating and nonparticipating
schools on the aforementioned variables. Thus, it allowed a simple weight adjustment procedure for compensating children in non-
participating schools, where the pre-adjusted weights are expanded by multiplying the inverse of the response rate. That is, the ini-

base

tial weight W of one assigned to each child k in the participating school i in the target population was inflated to w** by the fac-
tor of 1.2475 (= 1/0.8016).

1.3. Adjustment for non-respondents to Korean version of attention deficit hyperactivity disorders (ADHD) rating scale (K-ARS) in participating
schools
Of 38,365 students in the participating schools, 30,552 students provided the screener questionnaire and only 29,355 students com-
pleted the K-ARS questions (enabling their evaluation of the ADHD screen positive). Without much information from both screen-
er non-respondents as well as partial-respondents, it is considered acceptable to use a simple weight expansion adjustment proce-
dure within schools. The adjustment factors for screener non-responding students were computed based on the weights ) with-
in schools as follows:
I

psch
ZkeU * Wik

where Ui is the set of all students in schooliand U I,R (c U,) denotes the set of all students who returned the screener questionnaire
to the school. Also, the adjustment factors for screener partial-responding students were computed within schools as follows:

z scr | psch
R Ai Wi/c
AKARS _ keU,
i

ser
A =

scr . psch
Qs AW

where U ,.C (cU I.R )denotes the set of all students who completed the K-ARS questions in the screener questionnaire. Then, the wei-

ght w”*" was inflated by the above 2 factors as follows:

W psch A scr A KARS
WS = o ke T for the screener completes, otherwise.
0

l.’,f” R is the estimated number of students in the target population each screener completed student represents. A se-
ries of adjustment steps in computing wiIIfARS is basically in line with the standard procedures of the survey practice to make a weight-

ed mean (or total) with wifA %S as an estimate of the mean (or total) of all the students in the target population (1,2).

The weight w

1.4. Adjustment for association analysis between ADHD risk and socio-demographic covariates

In the meanwhile, for assessing the association between ADHD risk (evaluated as screen positive) and socio-demographic covariates
through simple logistic regression analysis, the weights wl.',fA 5" need to be downscaled to make their sum equal to the total number

of the screener completed students, that is,

~

ik ik

WKARS—SCALED — [293335j % W((ARS
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where N =¥ % Lo Wy denotes the estimated total of the elementary school students in the target population. Such an ad-
justment can avoid o'\/erstating the precision of the resulting weighted logistic regression analysis.

2. Survey Weights for Clinical Diagnosis of ADHD among 1st-2nd Grade Students

2.1. Adjustment for non-respondents in clinical diagnosis of ADHD among 1st-2nd Grade Screen Positive Students

The 1st and 2nd grade screen-positive children were determined for further evaluation of ADHD by a standard clinical assessment.
There were 957 screen-positive children in that grade range. Extensive efforts were made to contact parents of these children and
only those parents of 200 children (20.9%) provided consent for diagnostic evaluations. Children whose parents could not be con-
tacted or did not agree to participate were classified as nonparticipants. To compensate for these nonparticipants, response proba-
bilities ¢, were first modeled using logistic regression with a set of covariates including school location (urban vs. rural), student's
gender, and education levels and occupational status of father and mother, respectively. The result of a logistic regression model fit
for the participation is as follows:

logld, /1+4,,)]

=—-5.59+40.16 * urban + 4.43 * male — 8.90 * gender(no.report)

+ 0.40edu(father : less) + 0.18edu(father : high.school) — 0.65edu(mother : no.report)

+ 0.02edu(mother : less) — 0.47 * edu(mother : high.school) — 0.70 * edu(mother : no.report)
+ 0.390cc(father : no) — 0.180occ(father : no.report)

+ 0.38 * occ(mother : no) — 0.64 * occ(mother : no.report),

where the covariates are all indicator variables, “less” stands for “less than high school,” and “occ” stands for “occupation.” Coeffi-
cients marked with an asterisk are statistically significant (using 2-tailed Wald test with 0.05 level of significance). Children with a
mother working and/or highly educated tends to have a higher likelihood of parental consent to participate in the diagnosis study.
Then, the weights for those 200 1st and 2nd grade children who completed the clinical diagnosis of ADHD were inflated by multi-
plying the inverse of the estimated propensity as follows:

e WK 1 ikeUS NU,
Wy = =

0 otherwise
where Ui; denotes the set of all 1st and 2nd graders in the target population.
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