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Abstract

Objective: The study aimed to investigate the reciprocal and temporal relations between ADHD symptoms and
emotional problems in school-age children. Method: This |-year longitudinal study with a four-wave design included
1,253 children and adolescents (254 third graders, 281 fifth graders, and 718 eighth graders; 50.9% boys). ADHD
symptoms and emotional problems were measured using parent report of the Swanson, Nolan, and Pelham, Version IV
Scale and Strengths and Difficulties Questionnaire. Results: Cross-lagged panel analyses indicated that both inattention
and hyperactivity/impulsivity symptoms were associated with emotional problems over the |-year period. However, only
inattention symptoms demonstrated a transactional relationship with emotional problems, such that inattention predicted
future emotional problems, which in turn led to increases in inattention symptoms. Conclusion: Our findings highlight the
transactional and dynamic interplay between inattention symptoms and emotional problems and support the mechanistic
role of inattention symptoms in the development and persistence of emotional problems in school-age children. (J. of Att.
Dis. XXXX; XX(X) XX-XX)
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Introduction the existence of ADHD symptoms, may help to explain the

ADHD i devel | disorder ch onset of common psychiatric conditions that are comorbid
1S a common neurodevelopmental disorder character- with ADHD (e.g., conduct disorder, anxiety, depression; Pan

ized by developmentally inappropriate symptoms of inatten- & Yeh, 2017; Reale et al., 2017; Seymour et al., 2012) and
tion, hyperactivity, and impulsivity. ADHD affects around ’ ; ’ ’ ’

3% to 10% of school-age children worldwide (Faraone,
Sergeant, Gillberg, & Biederman, 2003; Polanczyk, de Lima,
Horta, Biederman, & Rohde, 2007) and 7% to 9% in Taiwan
(Chen, Shen, & Gau, 2017; Gau, Chong, Chen, & Cheng,
2005). Symptoms related to ADHD seldom occur alone and
are often accompanied by problems in other areas of psycho-
logical functioning, including emotional problems (Barkley
& Fischer, 2010; Biederman et al., 2012; Bunford, Evans, &
Langberg, 2018; Wehmeier, Schacht, & Barkley, 2010).
Notably, literature documents high rates of emotional impair-
ment ranging from 25% to 49% in children with ADHD
(Anastopoulos et al., 2011; Becker et al., 2006; Sobanski
etal., 2010; Spencer et al., 2011; Strine et al., 2006; Stringaris
& Goodman, 2009). Investigating the association between
ADHD and emotional problems is salient because concurrent
emotional problems may negatively affect adaptive function-
ing, a'.cademic aChievement’ and long-term quath of life Susan Shur-Fen Gau, Department of Psychiatry, National Taiwan
(SChel’ Jozefiak, Novik, Lydersen’ & Indredavik, 2016; University Hospital, No. 7, Chung-Shan South Road, Taipei 10002,
Wehmeier et al., 2010). Hence, further understanding the co- Taiwan.

occurrence and development of emotional problems, given Email: gaushufe@ntu.edu.tw

inform targets for intervention to facilitate optimal outcomes
for this vulnerable population.

Though the co-occurrence of emotional problems and
ADHD symptoms is well documented in the current litera-
ture, relatively little is known about the unique predictive
effects of inattention versus hyperactivity/impulsivity on
children’s emotional development. Furthermore, a dearth of
longitudinal studies limits our understanding of the temporal
effects of ADHD symptoms, as well as the transactional and
dynamic relations between ADHD symptoms and emotional
problems over time. Longitudinal studies suggest that impair-
ment due to ADHD is persistent throughout adolescence and
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into adulthood. Research also indicates that even if adoles-
cents no longer meet criteria for ADHD, they may still be
affected by lowered self-esteem and quality of social interac-
tions and are at a heightened risk for anxiety and depression
(Jarrett, Wolff, Davis, Cowart, & Ollendick, 2016; Meinzer,
Pettit, & Viswesvaran, 2014; Wehmeier et al., 2010). These
findings emphasize the persistent nature of impairment asso-
ciated with ADHD and underscore the need for longitudinal
studies to clarify trajectories of emotional well-being and
negative effects of ADHD symptoms over time. Finally, pre-
vious work in this area is also limited in sociocultural con-
text, as most research has examined Western samples. As a
greater initiative in our understanding of developmental psy-
chopathology, researchers must consider behavioral manifes-
tations and symptoms of mental disorders across varied
social and cultural contexts. To address these important gaps
in the literature, the present study implemented a longitudinal
framework to examine the temporal and reciprocal relations
between ADHD symptom domains (i.e., inattention and
hyperactivity/impulsivity) and emotional problems in a large
Taiwanese sample of school-age children.

Co-Occurrence of ADHD Symptoms and
Emotional Problems

Emotional problems in ADHD consist of a broad array of
deficits in emotional functioning, including poor emotion
regulation, excessive emotional expression, low frustration
tolerance, reduced arousal to emotional stimuli, and anoma-
lous allocation of attention to emotional stimuli (Bunford,
Evans, & Wymbs, 2015; Serrano, Owens, & Hallowell,
2018). Such emotional symptoms are common in children
with ADHD; in the United States, approximately one third of
children with ADHD were reported to have co-occurring
emotional and behavioral difficulties and impairments in
daily functioning (Strine et al., 2006). In Europe, studies have
shown that children and adolescents with ADHD symptoms
exhibit increased emotional problems (i.e., excessive worry,
depressed mood, heightened nervousness in new situations,
increased fears, and/or somatic symptoms) compared with
children without ADHD (Becker et al., 2006; Coghill et al.,
2006). Previous reports have also highlighted the association
between increased emotional lability (i.e., rapid, exaggerated
changes in mood) and ADHD symptom severity, particularly
in children and adolescents with more hyperactivity/impul-
sivity symptoms and comorbid psychopathology (Sobanski
et al., 2010). As an important aside, this brief review of the
literature documenting the co-occurrence of ADHD symp-
toms and emotional problems highlights the fact that “emo-
tional problems” is a broad descriptor referring to impairments
in emotional processing and emotion regulation. Critically,
researchers have suggested that these component parts of the
higher order construct of emotional problems may not be dis-
sociable behaviorally, though they may be separable at the

neural level (Goldsmith & Davidson, 2004). Thus, in the cur-
rent study, the term “emotional problems” refers to the
observed behavioral manifestations of affective disturbance
that suggest putative deficits in underlying emotional pro-
cessing (e.g., emotion identification, attentional processes
regarding perception of emotion) and/or emotional regula-
tion (e.g., emotion lability, excessive expression of negative
emotions) common in children and adolescents with ADHD
(Cole, Martin, & Dennis, 2004; Eisenberg & Spinrad, 2004).

Several explanations for the relations between ADHD
symptoms and emotional problems have been proposed.
First, previous work has suggested that though ADHD and
emotion dysregulation are distinct constructs, the two con-
structs have shared variance that is accounted for by deficits
in emotional processing and executive dysfunctioning in
ADHD (Sjowall, Roth, Lindqvist, & Thorell, 2013).
Second, the presence of emotional problems and ADHD
symptoms may be explained neurobiologically in overlap-
ping anomalous neural circuitries involving the frontostria-
tal, fronto-cerebellar, and fronto-amygdala neural loops that
are responsible for processing the emotional significance of
one’s environment (Castellanos & Proal, 2012; Hinshaw,
2003; Miller & Hinshaw, 2010; Nigg & Casey, 2005).
Third, researchers have begun to consider whether the rela-
tion between emotional problems and ADHD is better
understood when considering unique core symptom
domains of ADHD (i.e., inattention and hyperactivity/
impulsivity) compared with ADHD symptoms as a whole.
Specifically, our previous work suggests that researchers
could consider investigating the roles of inattention and
hyperactivity symptoms separately on neuropsychological
functioning (Chiang, Huang, Gau, & Shang, 2013; Gau &
Chiang, 2013) and the onset of other comorbid psychiatric
conditions (Gau et al., 2010). For example, inattention
symptoms may be specifically related to low effortful con-
trol (i.e., difficulty inhibiting a dominant response to per-
form a subdominant response; (Lin, Chen, & Gau, 2014;
Rothbart, Sheese, & Posner, 2007), while hyperactive/
impulsive symptoms may be more related to negative emo-
tionality, irritability, low frustration tolerance, and conduct
problems (Lin & Gau, 2017; Martel & Nigg, 2006; Sobanski
et al., 2010). In the context of subsequent psychopathology,
increased inattention symptoms may confer increased risk
for internalizing disorders (e.g., anxiety and depression)
while hyperactivity/impulsivity symptoms may confer
higher risks for externalizing disorders (Martel et al., 2011;
Seymour et al., 2012; Seymour, Chronis-Tuscano, Iwamoto,
Kurdziel, & MacPherson, 2014; Sobanski et al., 2010). Of
note, the association between ADHD symptoms and defi-
cits in emotional competence and subsequent implications
for comorbid conditions underscores the need to clarify the
transactional nature of the ADHD symptoms and emotional
problems as the first step to inform prevention of future
psychopathologies.
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Longitudinal Relations Between ADHD and
Emotional Problems

Current perspectives regarding the prospective and recipro-
cal relations between ADHD symptoms and emotional
problems have been few with mixed findings. Preliminary
longitudinal studies have suggested that early ADHD symp-
toms predict future emotional symptoms among children
with ADHD (Meinzer et al., 2017; Smith et al., 2017;
Thorell, Sjowall, Diamatopoulou, Rydell, & Bohlin, 2017).
However, other researchers have proposed that the recipro-
cal relation is also present where emotional problems may
persist and exacerbate or lead to ADHD symptoms. For
example, previous work indicates that deficits in emotion
recognition and emotional awareness significantly predicts
externalizing and hyperactive behaviors, and mediates the
development of ADHD symptoms among boys (Factor,
Rosen, & Reyes, 2016). Also, results from a longitudinal
study by Stringaris, Maughan, and Goodman (2010) sug-
gest temperamental emotionality at age 3 predicts comorbid
ADHD at age 7. Furthermore, early individual differences
in emotion regulation during preschool have been shown to
predict ADHD symptoms across time and into adolescence
(Brocki, Forslund, Frick, & Bohlin, 2017). Specifically,
poor preschool emotion regulation has been associated with
higher levels of inattention symptoms over time.

Cross-Cultural Perspective of Emotional
Problems and ADHD

Previous studies examining the extent to which ADHD
symptoms influence emotional problems in non-Western
cultures are notably limited. In contrast to Western cul-
tures that are characterized by heightened individualistic
expression, Taiwanese society, which is greatly influenced
by the relationship-oriented Chinese culture, focuses more
on cooperation, maintenance of group harmony, and com-
pliance with group norms (Butler, Lee, & Gross, 2007;
Chen & French, 2008). In Chinese culture, children may
be more expected to meet others’ (e.g., peers, teachers,
parents) expectations and are socialized to restrain their
preferences to accommodate social norms. Thus, children
with higher levels of hyperactivity or impulsivity who
exhibit more disruptive behaviors during classroom or
group activities may be disproportionately reprimanded
for violating social norms, face peer rejection, have fewer
friendships, and develop a more negative view of oneself
(Kawabata, Tseng, & Gau, 2012; C. Y. Liu, Huang, Kao, &
Gau, 2017). Similarly, children with inattention symptoms
may also be vulnerable to declined academic performance
or difficulty following instructions, resulting in lower
social status, peer rejection, and bullying due to a viola-
tion of classroom and parental expectations (Gau et al.,
2010). Importantly, research investigating cross-cultural

perspectives of emotional impairment and co-occurring
ADHD symptoms is scarce compared with the larger body
of Western literature, thus warranting more studies from
non-Western (e.g., Chinese) cultures.

Overall, though a notable body of literature documents
increased emotional problems in children with ADHD diag-
nosis or symptoms, there is a substantial lack of literature
examining the reciprocal and temporal relations between
ADHD and emotional symptoms. Moreover, minimal longi-
tudinal work has been conducted to elucidate the trajectories
of specific subtypes of ADHD and occurrence of emotional
problems. These sentiments are even more reinforced when
considering our knowledge of this topic, or lack thereof,
from a cross-cultural perspective. Understanding the co-
occurrence and temporal dynamics of ADHD symptomatol-
ogy and emotional symptoms is salient to facilitate continued
efforts to explain the development of ADHD symptoms
from childhood, through adolescence, and into adulthood. In
regard to clinical implication, a closer examination of these
processes is also warranted because the additional presence
of emotional symptoms can significantly affect quality of
life, academic performance, adult sociofunctional outcomes,
and lifetime psychiatric comorbidities (Seymour et al., 2012;
Wehmeier et al., 2010).

The Current Study

The current study attempts to examine the temporal and
reciprocal relations between ADHD symptoms, specifi-
cally inattention and hyperactivity-impulsivity, and emo-
tional problems in Taiwanese children and adolescents
with ADHD symptoms in a four-wave, school-based,
l-year longitudinal prospective study. Analytically, a
cross-lagged statistical model was implemented to facili-
tate the exploration of the directionality and longitudinal
associations between ADHD and emotional symptoms.
Importantly, this structural equation modeling approach is
well suited for the investigation of psychological develop-
ment because of its ability to simultaneously estimate
direct and indirect associations in longitudinal data (Hays,
Marshall, Wang, & Sherbourne, 1994). To our knowledge,
the current study marks the first implementation of this
approach to understand the temporal dynamics of emo-
tional problems and ADHD symptoms.

We hypothesized that ADHD symptoms and emotional
problems would be relatively stable in the 1-year period of
data collection. We also hypothesized that there would be a
bidirectional relationship between ADHD symptoms and
emotional problems over time. However, given the mixed
results and a dearth of longitudinal studies addressing this
topic in previous work, we did not have specific predictions
regarding the pattern of relations between ADHD inatten-
tion symptoms and hyperactivity/impulsivity symptoms
with emotional problems.
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Method
Description of the Study

The present study is part of a longitudinal, school-based
epidemiological study that aims to investigate the psycho-
social and emotional development of children and adoles-
cents. Part of this work on a different topic has been
published elsewhere (Chen & Gau, 2016).

Participants

This prospective longitudinal questionnaire-based study
was conducted using a sample of 1,128 parents of children
and adolescents in Grades 3, 5, and 8 from seven schools in
Northern Taiwan from March 1, 2013, to January 31, 2014.
The number of parent participants for the four time points
was 1,128, 1,005 (89.1%), 941 (83.4%), and 849 (75.3%),
respectively. The parent sample from the current study was
comprised of parents of children who were enrolled in the
same l-year longitudinal study. Student characteristics
from this study have been reported in detail elsewhere
(Tsai et al., 2017). Briefly, all students enrolled in standard
curriculum classes rather than special education classes
were eligible and recruited for the study. Students with
mental disorders in regular classes were not excluded from
the study. At Time 1 (T1), the age range for the participants
was 8 to 12 years (M = SD = 8.6 = 0.3 years), 10 to 12
years (M = SD = 10.6 = 0.3 years), and 13 to 16 years
(M = SD = 13.6 = 0.3 years) for Grades 3, 5, and 8,
respectively. There were 638 boys and 615 girlsat T1 (n =
1,253); follow-up rates were 93.1% (n = 1,166 with 593
boys and 573 girls), 89.6% (n = 1,123 with 563 boys, and
560 girls), and 84.1% (n = 1,054 with 519 boys and 535
girls) at Times 2 (T2), 3 (T3), and 4 (T4), respectively.

Measures

The Chinese version of the Swanson, Nolan, and Pelham—IV
(SNAP-1V). Parents reported on their child’s ADHD symp-
toms using the Chinese version of the SNAP-IV. The
SNAP-IV is a 26-item scale that includes the core Diagnos-
tic and Statistical Manual of Mental Disorders (4th ed.;
DSM-1V; American Psychiatric Association, 1994)-derived
ADHD subscales of inattention and hyperactive-impulsive
(Swanson et al., 2001). Each item is rated on a 4-point Lik-
ert-type scale (0 = not at all, 1 = just a little, 2 = quite a
bit, and 3 = very much). Gau et al. (2008) have established
norms and psychometric properties of the Chinese version
of the SNAP-IV, which demonstrates good test-retest reli-
ability, high internal consistency, and discriminant validity
(Gau, Tseng, Tseng, Wu, & Lo, 2015). Though the SNAP-
IV also assesses oppositional defiant disorder symptoms,
they were not included in the analysis because this study
was only interested in examining the two ADHD core

symptom domains: inattention and hyperactivity/impulsiv-
ity symptoms. Given that data were collected as part of a
school-based epidemiological study, we were primarily
interested in examining impairment due to inattention and
hyperactivity/impulsivity symptoms dimensionally. How-
ever, we also conducted complementary analyses with
ADHD diagnosis as a binary variable (non-ADHD vs.
ADHD) to allow for increased interpretability in the context
of ADHD, as opposed to other etiologies. Using the SNAP-
IV in accordance with DSM-IV criteria, participants were
classified as having ADHD inattentive type and ADHD
hyperactive/impulsive type if parents endorsed at least six
of the nine inattention or hyperactive/impulsivity items,
respectively.

The Chinese version of the Strengths and Difficulties Question-
naire (SDQ). The SDQ is a 25-item behavioral screening
questionnaire that is designed to assess the broader psycho-
logical problems experienced by children and adolescents
(Goodman & Scott, 1999). Each subscale consists of five
items, and the total difficulties score is generated by sum-
ming the scores on four subscales: emotional symptoms,
conduct problems, hyperactivity, and peer problems (range
= 0-40). The Chinese version of the SDQ has shown good
test—retest reliability and moderate to high internal consis-
tency, ICC = .40 to .72; Cronbach’s a = .84, in Taiwan
(Liu et al., 2013). In the present study, we only used the
emotional problems subscale. This subscale consists of the
following five items: (a) often complains of headaches,
stomachaches, or sickness; (b) many worries or often seems
worried; (¢) often unhappy, depressed, or tearful; (d) ner-
vous in new situations, easily loses confidence; and (e)
many fears, easily scared. Internal consistency for the emo-
tional problems subscale was good (Cronbach’s a = .72).

Procedure

This study was approved by the Research Ethics Committee
of National Taiwan University Hospital (institutional
review board [IRB] number: 201212010RINC). Informed
consent was obtained from all individual participants
included in the study and their parents. The data were col-
lected from a convenience sample of primary and junior
high students attending schools in Taipei, Taiwan. Schools
were determined based on cooperation from school princi-
pals in response to invitations from the Taiwanese Ministry
of Education. Parents were invited to attend a speech given
by the corresponding author (SSG), who introduced the
purpose and procedure of the study. Parents received
informed consent documents in paper format from their
children. Parents who agreed to participate were asked to
complete the questionnaires at home and return the docu-
ments in a sealed envelope within 1 week. Seventy-five per-
cent (75%) of parent informants were mothers. Responses
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were collected quarterly within the same calendar year.
Parents reported on the Chinese versions of the SNAP-IV
and SDQ for all four time points of data collection.

Data Analytic Plan

Missing data. To address missing data, we conducted the
Expected-Maximization algorithm in the SAS software
(Version 9.4 of the SAS System for Windows. Copyright ©
2013 SAS Institute Inc., Cary, NC, USA) to impute missing
variables based on values from the participant’s other avail-
able time points. At each time point, the proportion of par-
ticipants with missing data on the SNAP-IV and SDQ was
T1 = 3.5% and 3.2%, T2 = 14.1% and 14.0%, T3 = 19.1%
and 19.0%, and T4 = 27.3% and 27.2%.

Confirmatory factor analysis (CFA). We conducted a CFA
using Mplus (Version 7.0, Muthén and Muthén) to confirm
the hypothesized existence of a single factor structure for
our measure of emotional symptoms and a two-factor struc-
ture yielded by the SNAP-IV (i.e., inattention, Items 1-9,
and hyperactivity/impulsivity, Items 10-18) for the ADHD
symptoms at the first wave. As previously mentioned, the
current study was primarily interested in the core ADHD
symptoms domains of inattention and hyperactivity/impul-
sivity. Model fit was assessed with multiple criteria: Chi-
Square Test (x°), comparative fit index (CFI), Tucker—Lewis
index (TLI), and root mean square error of approximation
(RMSEA).

Item parceling. Item parceling is a recommended procedure
for combining individual items to create efficient, reliable,
and valid indicators of latent constructs (Little, Rhemtulla,
Gibson, & Schoemann, 2013). The SNAP-IV contains 18
items of ADHD symptoms. Item parceling was used to repre-
sent each factor (i.e., inattention and hyperactivity/impulsiv-
ity). Consistent with the terminology presented in Little et al.
(2013), the nine indicators for each factor were divided into
three parcels based on Items 1 to 3, 4 to 6, and 7 to 9 for inat-
tention, and Items 10 to 12, 13 to 15, and 16 to 18 for hyper-
activity/impulsivity. The averages of the three sets of
indicators were used to create three parcel-level indicators.
Next, the geometric midpoint of the triangle created by the
three parcel-level indicators was used to estimate the centroid
of each factor, thus providing a more parsimonious measure
of the inattention and hyperactivity/impulsivity factors.

Cross-lagged models. To assess both the temporal and recip-
rocal relations between ADHD symptoms and emotional
problems across four time points, we implemented a cross-
lagged panel analysis using Mplus (Version 7.0, Muthén
and Muthén). Cross-lagged panel analysis is widely used to
infer the causal associations in a longitudinal study and is
optimal for the current investigation because this method

ADHD
Time

EP1
Time

Figure |. Generic depiction of a cross-lagged panel model.
Note. Paths a’ and b’ denote autoregressive path weights that represent
the stability of each measure across time. Paths ¢’ and d’ are the con-
temporaneous paths that represent co-occurring correlations between
the factors in the model. Paths e’ and f represent cross-lagged paths
indicating the presence of reciprocal, bidirectional associations between
the factors in the model. EP = emotional problems.

simultaneously estimates direct and indirect associations of
ADHD symptoms and emotional problems over time (Hays
et al., 1994). In cross-lagged modeling, there are three sets
of paths that are of primary interest: the stability paths, con-
temporaneous paths, and cross-lagged paths. To illustrate
these paths, a generic cross-lagged model is displayed in
Figure 1. The stability paths are denoted by autoregressive
path weights that represent the stability of each measure
across each subsequent time point (i.e., Paths a’ and b’ in
Figure 1). Contemporaneous paths represent co-occurring
correlations between the factors in the model (i.e., Paths ¢’
and d’ in Figure 1). Finally, cross-lagged paths represent the
presence of reciprocal, bidirectional associations between
the factors in the model (i.e., Paths ¢’ and f” in Figure 1). In
all models, the parceled inattention and hyperactivity fac-
tors were used to create the latent variables for inattention
and hyperactivity symptoms of ADHD. Furthermore, the
five items of SDQ emotional problems subscale in each
wave were used to create latent variables for the emotional
problems construct. Finally, the homogeneity of variance
assumption was assumed and constrained in our analysis.

We report the standardized regression coefficients (B)
and standard errors (SE). The degree of model fit was
assessed using the chi-square goodness-of-fit statistics, and
the RMSEA (Browne & Cudeck, 1992). MacCallum,
Browne, and Sugawara (1996) characterize a model with an
RMSEA of 0.08 or less as an adequate fit; Hu and Bentler
(1999) characterize a model with an RMSEA of 0.05 or less
as a good fit, and .10 or more as a poor fit.
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Figure 2. Cross-lagged model with inattention symptoms and emotional problems as the two factors of interest.

Note. Part (a) illustrates the cross-lagged model using inattention symptoms as a continuous, dimensional measure and Part (b) illustrates the model
using ADHD-inattentive type as a diagnostic category. Standardized path coefficients and standard errors (in parentheses) are presented to depict the
strength of each path. INT = inattention in 2a and ADHD inattentive type in 2b; EP = emotional problems.

To comprehensively test the possible relations
between inattention symptoms, hyperactive-impulsive
symptoms, and emotional problems, we tested two cross-
lagged models. The first cross-lagged model consisted of
a two-factor model where we tested the relations between
inattention and emotional symptoms (Figure 2). This
two-factor model consisted of (a) cross-lagged paths
between inattention and emotional symptoms, (b) stabil-
ity paths for inattention and emotional problems over
time, and (c) contemporaneous paths representing the
covariance of the residuals of inattention with emotional
problems over time. The second cross-lagged model had
the same structure as the first, except the two factors of
interest were hyperactivity/impulsivity symptoms and
emotional problems (Figure 3). For all models, emo-
tional problems were treated as a continuous variable.
We used both a dimensional and categorical approach to

examine the relationship between emotional problems
and core ADHD symptoms or diagnosis. The maximum
likelihood method was used in the dimensional approach
and the Satorra—Bentler correction (Satorra & Bentler,
1988) was used in the categorical approach to account
for nonnormality.

Results

Table 1 provides demographic characteristics, means, and
standard deviations of the symptom subscales yielded by
the Chinese versions of the SNAP-IV and SDQ at each of
the four time points. To better characterize the sample, we
also calculated the percentage of students who met criteria
for ADHD inattentive and hyperactive/impulsive type based
on the SNAP-IV. Students with ADHD inattentive type and
hyperactive/impulsive type ranged from 4.4% to 8.0% and
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Figure 3. Cross-lagged model between hyperactivity-impulsivity symptoms and emotional problems.

Note. Part (a) illustrates the model using hyperactive/impulsive symptoms as a continuous, dimensional measure and Part (b) illustrates the model using
ADHD hyperactive/impulsive type as a diagnostic category. Standardized path coefficients and standard errors (in parentheses) are presented to depict
the strength of each path. HYP = hyperactivity/impulsivity in 3a and ADHD hyperactive/impulsive type in 3b; EP = emotional problems; B = standard-

ized regression coefficients; SE = standard errors.

1.0% to 2.3%, respectively, from T1 to T4. At T1, 20.2% of
the students were in Grade 3, 22.4% were in Grade 5, and
57.3% were in Grade 8. From T1 to T4, retention of the
sample stratified by grade was as follows: 254,219 (86.2%),
207 (81.5%), and 212 (83.5%) students for Grade 3; 281,
273 (97.2%), 270 (96.1%), and 249 (88.6%) students for
Grade 5; and 718, 674 (93.9%), 646 (90.0%), and 593
(82.6%) students for Grade 8, respectively. No significant
differences among participating students were found
between the respondents and the nonrespondents based on
gender at T2; however, by treating the participants at T1 as
a reference group, the dropouts were significantly fewer in
girls than boys at T3 (x* = 13.78, p < .001) and T4 (x* =
13.33, p < .001). Regarding school grade, the dropouts
were significantly fewer in Grade 5 compared with Grades
3 and 8 at T2 and T3 (ps < .001), but not at T4 (x> = 4.17,
p = .125) compared with T1. There were no significant

differences in parents’ education level and occupation
between dropouts and nondropouts (p > .05). Due to the
significant differences in dropouts based on grade and sex
across time points, we included grade and sex as covariates
in all further analyses.

CFA

The CFA for the SNAP-IV and emotional symptoms of
SDQ at T1 were satisfactory (SNAP-IV: x*=257.9, df = 8,
p < .05, CFI = 0.965, TLI = 0.947, and RMSEA = 0.036;
SDQ: x> = 59.9, df = 5, p < .05, CFI = 0.931, TLI =
0.862, and RMSEA = 0.039). All factor loadings were sig-
nificant at p < .001. These findings suggest that the con-
structs of emotional problems and the two ADHD symptom
domains were distinct from each other in our sample of
Taiwanese children and adolescents.
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Table I. Sample Characteristic of Students and Self-Report Data for ADHD and Emotional Symptoms.

Time | Time 2 Time 3 Time 4

Variables/student report (n = 1,253) (n=1,166) (n=1,123) (n = 1,054)
Gender n (%)

Male 638 (50.9) 589 (50.5) 549 (48.9) 509 (48.3)

Female 615 (49.1) 577 (49.5) 573 (51) 545 (51.7)
Grade n (%)

Grade 3 254 (20.3) 219 (18.8) 207 (18.4) 212 (20.1)

Grade 5 281 (22.4) 273 (23.4) 270 (24) 249 (23.6)

Grade 8 718 (57.3) 674 (57.8) 646 (57.5) 593 (56.3)
SDQ (M = SD)

Emotional symptoms 2.0 (1.9) 1.9 (1.9) 1.8 (1.7) 1.8 (1.8)
SNAP-IV (M £ SD)

Inattention 6.9 (4.8) 6.4 (4.4) 6.1 (4.2) 6.2 (4.2)

Hyperactive-impulsive 3.6 (4.0) 3.4 (3.6) 3.1 (3.3) 3.2 (3.5

ADHD inattentive type, n (%) 92 (8.0) 69 (6.0) 50 (4.4) 54 (4.7)

ADHD hyp/imp type, n (%) 26 (2.3) 22 (1.9) 11 (1.0) 20 (1.7)

Note. SDQ = Strengths and Difficulties Questionnaire; SNAP-IV = Swanson, Nolan, and Pelham-IV.

Reciprocal Relations Between Inattention and
Emotional Problems

The first cross-lagged model is a two-factor model examin-
ing the temporal and reciprocal relations between inatten-
tion and emotional problems (Figure 2a). We examined the
autoregressive, contemporaneous, and cross-lagged path
coefficients to interpret the size of the relations for these
paths. Path coefficients with p < .05 were considered statis-
tically significant. When examining inattention symptoms
dimensionally, results indicate longitudinal stability of inat-
tention symptoms and emotional problems across the four
time points: ADHD inattention symptoms with Standardized
B (SE) = 0.738 (.021) from T1 to T2, 0.758 (.017) from T2
to T3, and 0.694 (.021) from T3 to T4; emotional problems
with Standardized B (SE) = 0.825 (.028) from T1 to T2,
0.824 (.023) from T2 to T3, 0.811 (.041) from T3 to T4. As
Figure 2a shows, contemporaneous paths at T1, T2, and T4
reached statistical significance; at T3, the path was margin-
ally significant. When examining cross-lagged paths, emo-
tional problems positively predicted inattention symptoms
at the next time point, B (SE) = 0.143 (.034) from T1 to T2,
117 (.031) from T2 to T3, and .226 (.030) from T3 to T4. A
similar pattern of temporal and reciprocal effects emerged
when we used ADHD inattentive type as a binary variable
(Figure 2b). However, the prediction of emotional problems
at T2 to ADHD inattentive type at T3 was no longer signifi-
cant, while ADHD inattentive type at T3 significantly pre-
dicted emotional problems at T4.

Reciprocal Relations Between Hyperactivity and
Emotional Problems

The second cross-lagged model tested the temporal and
reciprocal relations between hyperactivity symptoms and

emotional problems. In the dimensional model (Figure 3a),
all stability and contemporaneous paths were significant.
Looking at cross-lagged paths, hyperactivity symptoms at
T2 significantly negatively predicted emotional problems
at T3, B (SE) = —0.099 (.038), while hyperactivity symp-
toms at T3 positively predicted emotional problems at
T4 with marginal significance, B (SE) = 0.070 (.036), p =
.054. Model fit indices for this model were as follows:
X’ = 4,798.884, df = 502, p < .05; CFI = .758; TLI =
0.730; RMSEA = 0.086, indicating adequate model fit. By
contrast, when ADHD hyperactive/impulsive type was
treated categorically (Figure 3b), an opposite prediction
pattern was found, such that ADHD hyperactive/impulsive
type did not significantly predict emotional problems from
T1 to T4, while emotional problems at T1 and T3 posi-
tively predicted ADHD hyperactive/impulsive type at T2
and T4, respectively.

Discussion

The primary goal of this study was to better understand the
temporal and reciprocal associations between ADHD inat-
tention and hyperactivity/impulsivity symptoms with emo-
tional problems in children and adolescents over time in a
Chinese cultural context. Previous studies have documented
the association between emotional problems and ADHD
symptomatology, but the directionality of effects over time
remains understudied. To our knowledge, this is the first
study to investigate the reciprocal relations between ADHD
inattention symptoms, hyperactivity/impulsivity symptoms,
and emotional problems over time.

Due to the paucity of previous literature examining the
directionality of effects between emotional problems and
ADHD symptoms, this study examined two cross-lagged
panel models to represent possible relations between
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impairment due to ADHD symptoms and emotional prob-
lems using a four-wave prospective longitudinal design.
Our primary findings are as follows: (a) ADHD symptoms
and emotional symptoms were stable across time, (b)
ADHD symptoms (both inattention and hyperactivity/
impulsivity) and emotional symptoms were associated with
each other across time, and (c) inattention symptoms dem-
onstrated reciprocal relations with emotional problems,
whereas hyperactivity/impulsivity symptoms did not.

Distinct Pattern of Effect for Inattention
Compared With Hyperactivity/Impulsivity on
Emotional Problems

The first cross-lagged model examining reciprocal relations
between inattention and emotional problems suggested the
presence of a bidirectional relationship between inattention
and emotional problems over the 1-year period. When inat-
tention symptoms were considered both dimensionally and
in the context of a categorical diagnosis of ADHD inatten-
tive type, results suggested a transactional relation between
inattention and emotional problems such that emotional
problems at T1 positively predicted inattention at T2, which
predicted emotional problems at T3, followed by a predic-
tion of inattention at T4. In contrast, this temporally recipro-
cal pattern was not found when assessing hyperactivity/
impulsivity symptoms and emotional problems in the same
model. In fact, the only significant cross-lagged path indi-
cated that hyperactivity/impulsivity symptoms at T2 nega-
tively predicted emotional problems at T3. When we
conducted a secondary and complementary analysis treating
ADHD hyperactive/impulsive type as a categorical predic-
tor, emotion problems at T1 and T3 predicted subsequent
diagnosis at T2 and T4, but diagnosis did not predict future
emotion problems. Overall, our findings are consistent with
previous longitudinal studies (Meinzer et al., 2017; Smith
et al., 2017), indicating that, in general, childhood ADHD
symptoms significantly predict emotional and behavioral
maladjustment during middle school. For specific subtypes
of ADHD, previous studies have posited that both inatten-
tion and hyperactivity/impulsivity symptoms play a role in
the onset of emotional problems. Specifically, inattention
has been hypothesized to be more linked to low effortful
control and difficulties with emotion regulation, while
hyperactivity/impulsivity may be more related to low frus-
tration tolerance and sudden shifts toward negative emotions
(Martel, 2009; Martel & Nigg, 2006; Nigg & Casey, 2005).

Undoubtedly, the emotional consequences of both ADHD
symptom domains are difficult to parse as they are associ-
ated with related and overlapping constructs in emotional
development. Interestingly, however, results from the cur-
rent study indicate that the pattern of transactional relations
between emotional problems and inattention is distinct com-
pared with that of hyperactivity/impulsivity symptoms.
These findings are consistent with a population-based study

by Serensen, Hugdahl, and Lundervold (2008), who showed
that when inattention is considered dimensionally, children
characterized as inattentive are at high risk for exhibiting
emotional problems, as defined by the SDQ emotional prob-
lems subscale. Furthermore, both inattention and emotional
problems have been shown to predict measures of cognitive
control—a core deficit for children with ADHD—in primary
school-aged children (Serensen, Plessen, & Lundervold,
2012). Of note, our categorical model using ADHD hyperac-
tive/impulsive diagnosis and emotional problems as primary
variables revealed that heightened emotional problems pre-
dicted higher likelihood of diagnosis (at least six out of nine
hyperactive/impulsive symptom items on the SNAP-IV) at
future time points. This finding suggests that high levels of
physical (e.g., headaches, stomachaches) and internalizing
(e.g., unhappy, worries often, nervous) symptoms associated
with emotional distress are present before students exceed a
diagnostic threshold of more readily observed hyperactive/
impulsive symptoms (e.g., fidgeting, blurting out, restless-
ness). This finding is consistent with previous studies sug-
gesting that emotional symptoms that include irritability,
lower frustration or distress tolerance, and intense sadness/
dysphoria are particularly associated with the hyperactive/
impulsive symptoms associated with ADHD (Sobanski
etal., 2010).

Whereas the link between emotional problems and hyper-
activity/impulsivity symptoms and emotional problems is
more visibly apparent in children in the form of externalizing
behaviors, our findings suggest that the connection with inat-
tention is more mechanistic, such that difficulties in the allo-
cation of one’s attentional resources hinder the development
of internalized rules for emotion regulation, social adjust-
ment, and socialization in childhood (Eisenberg, Hofer, &
Vaughan, 2007; Eisenberg, Spinrad, & Smith, 2004).
Furthermore, our findings are also consistent with previous
work attributing the emergence of emotion dysregulation to
deficits in the ability to orient toward, recognize, and adap-
tively allocate attention to emotional stimuli (Shaw,
Stringaris, Nigg, & Leibenluft, 2014). Individuals with such
attentional and processing deficits of emotional information
have also been shown to demonstrate attentional biases
toward negative versus positive stimuli and perform more
poorly on the emotional Stroop task, where they are asked to
deflect attention from emotional features of a face and attend
to nonemotional features, compared with unaffected controls
(Passarotti, Sweeney, & Pavuluri, 2010). Thus, in line with
our findings, increased inattention symptoms in children may
reflect underlying cognitive vulnerabilities that interfere with
one’s ability to seek, develop, and maintain emotional com-
petence and peer relationships. In turn, these children experi-
ence the transactional and continued exacerbation of both
emotional problems and attentional impairment over time.

Furthermore, our results also warrant discussion within
the context of our study sample. The finding that only inat-
tention (not hyperactivity/impulsivity) predicted future
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emotional problems suggests that attention problems may
have more robust long-term effects on the emotional well-
being of children in middle childhood and early adoles-
cence. From a clinical perspective, studies have shown that,
overall, ADHD symptoms tend to remit over time, with
hyperactivity/impulsivity symptoms declining at a higher
rate compared with inattention symptoms (Biederman,
Mick, & Faraone, 2000). The differential symptomatic
decline pattern highlights the role of attentional problems:
Even as the severity of overall ADHD ameliorates over
time, affected individuals may still experience persistent
emotional impairment due to unremitting attention prob-
lems. Moreover, our findings may have also been influ-
enced by the fact that our sample was a community—not a
clinical—sample. Previous studies using both Western and
Chinese community samples have similarly showed that
inattention symptoms are associated with interpersonal
problems and decreased number and quality of friendships
(Scholtens, Diamantopoulou, Tillman, & Rydell, 2012;
Tseng et al., 2014), which are both relevant to emotional
well-being. Thus, clinical samples of ADHD could poten-
tially show stronger associations between hyperactivity/
impulsivity and social and emotional problems because of
more representation of these symptoms. This idea is consis-
tent with clinical samples in Taiwan where parents are more
likely to seek help for children exhibiting severe hyperac-
tivity/impulsivity symptoms due to overt difficulties with
peers and noncompliance in the school setting (Gau et al.,
2010). Our findings highlighting the role of inattention may
have also been influenced by high expectations in the school
setting, including organization, compliance, and preserva-
tion of group harmony that are emphasized in Chinese cul-
ture. As such, Taiwanese students may also be more
emotionally vulnerable to attentional demands in elemen-
tary and middle school years. It is also possible that parents
may have underreported about children’s hyperactivity/
impulsivity symptoms due to cultural stigma against having
a child with disruptive and noncompliant behaviors. Though
we cannot formally conduct a cross-cultural comparison in
the current study due to a lack of a Western comparison
group, our findings are consistent with previous work out-
lined above that support the mechanistic role of attention in
the development of adaptive emotional processes.

Limitations and Future Directions

The primary strength of this study is that it is the first to
address reciprocal and temporal relations between ADHD
symptoms and emotional problems. In addition, these rela-
tions were examined using both dimensional impairment
due to ADHD-related symptoms and categorical diagnostic
status. However, this study is not without limitations. A pri-
mary limitation is that the study period only took place over
a l-year period. Previous literature indicates that emotional
problems may occur at increased rates in adolescence. Our

sample consisted of children and adolescents aged between
8 and 17 years. Therefore, our sample characteristics and the
relatively short, 1-year period may not be sufficient to cap-
ture meaningful points of symptom development and
change. Considering that data were collected as part of a
school-based survey study, our diagnostic classification of
individuals based on the SNAP-IV should be interpreted
with caution and results of the categorical cross-lagged mod-
els may have limited generalizability to a clinical sample.

Moreover, the current study employed a relatively broad
measure of emotional problems and is thus unable to com-
ment on underlying mechanisms that may explain the
underpinnings of the reciprocal relations between emo-
tional problems and inattention symptoms. Furthermore,
previous work has hypothesized the role of parental skill,
academic achievement, maternal adjustment, and other
environmental factors to explain the emergence of emo-
tional problems in ADHD (Wehmeier et al., 2010). In the
current study, we were unable to comment on these rela-
tions due to our limited set of measures. Despite these limi-
tations, a notable strength is that the prospective longitudinal
design and use of cross-lagged models allowed for a novel
examination of transactional relations between ADHD
symptoms and emotional problems over time. Importantly,
future studies are warranted to clarify and replicate the
directionality of effects between core ADHD symptom
domains and emotional problems. Future work may exam-
ine these relations over a longer duration of time to gain a
deeper understanding of the interplay between ADHD and
emotional problems throughout development. In addition,
we recommend replication of this study in a Western sam-
ple or inclusion of a Western comparison sample in future
studies to adequately elucidate the presence of cross-cul-
tural similarities and differences in the role of inattention
and hyperactivity/impulsivity symptoms on emotional
well-being over time.

Conclusion

The current study supports a bidirectional and complex
model of the development of ADHD symptoms and emo-
tional problems in childhood and adolescence. When only
inattention and emotional problems are considered, there
appears to be a reciprocal relationship between the two fac-
tors over time where emotional problems and inattention
symptoms mutually and positively predict each other. This
pattern of effects was not found when only hyperactivity/
impulsivity symptoms and emotional problems were consid-
ered. Our preliminary results suggest that increased inatten-
tion symptoms may play a more prominent role in the
bidirectionality and persistence of emotional problems in
school-age children. In addition to addressing the reciprocal
relations between ADHD symptoms and emotional prob-
lems, this work also informs ongoing research questions
regarding the etiology, typology, and treatment of ADHD as
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it relates to co-occurring deficits in emotion regulation and
social competence. Our study continues to highlight the clini-
cally informative and longitudinal overlap between these
domains to stimulate novel therapeutic approaches that
acknowledge how ADHD and emotional problems may work
in concert to affect functional impairment and quality of life.
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