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Results: Twenty-nine controls, 10 ADHD, and 105 AR children were enrolled. There were no
differences in age and gender among the three groups. The scores of Hyperactivity/Impul-
sivity subscales of ADHD symptoms from both parents and teachers were significantly higher
in the AR children. The CPT in AR children revealed higher commission errors, shorter reac-
tion times, and more perseveration. Risk factors for inattention and impulsivity in AR chil-
dren included younger age, male gender, higher AR symptom scores, persistent AR,
moderate/severe AR, multiple atopic diseases, family history of atopy, and possible comor-
bidity with ADHD.

* Corresponding author. Department of Pediatrics, Far Eastern Memorial Hospital, Number 21, Section 2, Nanya South Road, Banciao
District, New Taipei City 220, Taiwan.
E-mail address: dtped14@pchome.com.tw (C.-C. Chen).

1875-9572/$36 Copyright © 2013, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.
http://dx.doi.org/10.1016/j.pedneo.2013.09.003

Please cite this article in press as: Yang M-T, et al., Hyperactivity and Impulsivity in Children with Untreated Allergic Rhinitis: Corrob-
orated by Rating Scale and Continuous Performance Test, Pediatrics and Neonatology (2013), http://dx.doi.org/10.1016/
j.pedneo.2013.09.003



mailto:dtped14@pchome.com.tw
http://dx.doi.org/10.1016/j.pedneo.2013.09.003
www.sciencedirect.com/science/journal/18759572
http://www.pediatr-neonatol.com
http://dx.doi.org/10.1016/j.pedneo.2013.09.003
http://dx.doi.org/10.1016/j.pedneo.2013.09.003

M.-T. Yang et al

Conclusion: Care for AR children should not only involve treating their allergy, but also
monitoring the possible comorbidities of impulsivity and inattention. In children with impul-
sivity, AR should be considered in addition to ADHD.

Copyright © 2013, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights

reserved.

1. Introduction

Allergic rhinitis (AR) is clinically defined as a symptomatic
disorder of the nose induced after exposure to allergens by
an immunoglobulin E (IgE)-mediated inflammation.” AR is
the most common chronic allergic disease in school-age
children.?® The self-reported prevalence rates of the
symptoms of ever having had rhinitis and current rhinitis
were 53.5% and 43.6%, respectively, in 13- to 14-year-old
children in Taipei during the phase 3 survey of The Inter-
national Study of Asthma and Allergies in Childhood be-
tween December 2001 and January 2002.* Compared with
the Phase 1 survey in 1994, the prevalence of rhinitis
symptoms in the past 12 months increased by 1.5-fold.* AR
is clinically diagnosed and its symptoms are rhinorrhea,
nasal obstruction, itching, and sneezing. AR is subdivided
into intermittent or persistent disease according to the
duration of active symptoms, and the severity of AR can be
classified as mild or moderate/severe according to the level
of disturbance of the daily activities.” Various authors have
also proposed symptom severity scales [e.g., Total Nasal
Symptom Score (TNSS)].°® Objective tests for IgE-
mediated allergy are the skin prick test and serum-
specific IgE [e.g., multiple-antigen simultaneous test
(MAST) and Phadiatop]."’

Attention deficit hyperactivity disorder (ADHD) is char-
acterized by developmentally inappropriate symptoms of
inattention, hyperactivity, and impulsivity apparent before
the age of 7 [Diagnostic and statistical manual of mental
disorders IV edition text revision (DSM-IV-TR)]."® Although
many individuals present with symptoms of both inatten-
tion and hyperactivity—impulsivity (the combined type),
there are individuals in whom one or the other pattern is
predominant: that is, the predominantly inattentive type
and the predominantly hyperactive—impulsive type. The
diagnosis and classification of ADHD totally depend on
clinical observations of their behavior. Both the Chinese
version and the original English version of the Swanson,
Nolan, and Pelham, version IV (SNAP-IV) Rating Scale (RS)
are reliable and valid instruments to rate ADHD-related
symptoms.’" In addition, ADHD is associated with a high
risk of comorbidities, including oppositional defiant disor-
der or conduct disorder, affective/anxiety disorders,
learning disorders, Tourette’s disorder, and obsessive-
compulsive disorder.'>'3

In addition to physical complications, mental complica-
tions such as sleep disturbance, poor school performance,
and hyperactivity have also been reported in AR children
related to their nasal allergies.'* Brawley et al reported
that 10 of 23 (43%) ADHD children had typical physical signs
of AR." An increased prevalence and odds ratio (OR) of
ADHD in AR patients were also noted in a study using the

National Health Insurance Research Database (NHIRD) in
Taiwan.'® However, inattention and hyperactivity in AR
children are yet to be investigated using objective and
scientific measurements.

The aim of this study was to investigate whether
attention and impulsivity control in AR children differed
from a control group, and, if differences did exist, whether
clinical parameters were able to predict these differences
in AR children.

2. Methods

2.1. Study participants

Children aged 6—14 years (Grades 1—8) with two or more of
the symptoms of watery rhinorrhea, sneezing, nasal
obstruction, nasal pruritus for more than 1 hour on most
days were enrolled as possible AR patients in accordance
with the Allergic Rhinitis and its Impact on Asthma
(ARIA) 2008 guidelines.” After enrollment, blood sampling
for serum-specific IgE (MAST or Phadiatop tests) was
performed, and the patients with increased serum-specific
IgE levels were considered as AR patients for this study.
The AR patients were further classified as intermittent-
mild, intermittent-moderate/severe, persistent-mild, and
persistent-moderate/severe groups according to the ARIA
2008 guidelines." The AR therapy such as antihistamines
and corticosteroids can influence cognition and perfor-
mance,'”'® and therefore, we only enrolled AR children
who were not taking any medication. Considering both the
overview of the general AR children and excluding the
confounding effect of the comorbidity with ADHD (cADHD),
we further separated the pure AR children, that is, those
without the possible comorbidity of ADHD, from the total
AR group to compare their inattention and impulsivity
scores with the control and pure ADHD groups. Age-
matched children without AR or ADHD were enrolled as
the control group. Because the focus of this study was
inattention and impulsivity, we also enrolled age-matched
pure ADHD children, defined as those fulfilling the DSM-1V
diagnostic criteria of ADHD but without AR. Children with
mental retardation, developmental delay, or epilepsy were
excluded from this study. This study was approved by the
Research Ethics Review Committee of Far Eastern Memorial
Hospital, and the participants and their parents signed
informed consent forms before assessment.

2.2. AR symptom scores

The AR symptom scores reflect disease severity. Many
studies have used AR symptom scores as enrollment criteria
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Table 1 Epidemiology data and AR symptom scores.
Control Total AR Pure ADHD p
(n = 29) (n = 105) (n = 10)
Age 10.91 £2.77 10.78 + 2.57 9.35 +2.20 0.223
Gender 12/17 58/47 5/5 0.426
(M/F)
TNSS 0.33 £ 0.62 5.57 +2.69* 1.00 + 1.41 <0.001
T5SS 0.67 +1.11  6.79 + 3.39* 1.50 + 2.12 <0.001

Gender (M/F) is presented as the number of participants. All
other data are presented as mean + standard deviation.

ADHD = attention deficit hyperactivity disorder; AR = allergic
rhinitis; T5SS = Total Five Symptom Score; TNSS = Total Nasal
Symptom Score.

*p < 0.001, compared with the control group (one-way analysis
of variance followed by Dunnett post hoc test).

or outcome measures,®® %20 of which the TNSS and Total
Five Symptom Score (T5SS) were the most common. The
TNSS records sneezing, rhinorrhea, nasal itching, and nasal
congestion,'”?° and the T5SS records the same four symp-
toms plus eye itching.® All symptoms were graded on a 4-
point scale using the following system: 0 = none,
1 = mild (symptoms that were present but not particularly
bothersome), 2 = moderate (symptoms that were bother-
some but did not interfere with daily activities), and
3 = severe (symptoms that were bothersome and inter-
fered with daily activities or disturbed sleep). The scores
were summed to give the TNSS and T5SS.

2.3. SNAP-IV scale

The SNAP-1V scale is a 26-item questionnaire in a 4-point
Likert scale that is used to evaluate ADHD symptoms and
severity, and it is completed by parents and teachers.?' The
SNAP-1V scale consists of Inattention (IA), Hyperactivity/
Impulsivity (HI), and Oppositional subscales. The 26 items
include 18 for ADHD symptoms (9 for the IA subscale and 9
for the HI subscale) and eight for oppositional defiant dis-
order symptoms as defined in the DSM-IV. Each item was
scored on a 0—3 scale similar to the ADHD-RS (0 = not at

all, 1 = just a little, 2 = quite a bit, and 3 = very much).
The Chinese version of the SNAP-IV has been reported to
have satisfactory levels of reliability and concurrent
validity.?

2.4. Continuous performance test

The continuous performance test (CPT) was developed by
Rosvold et al in 1956%° and is one the most widely used
neuropsychological tests in patients with ADHD. The
computerized CPT (Conners’ CPT Il; MULTI-HEALTH SYS-
TEMS INC., North Tonawanda, NY, USA) presents target and
nontarget stimuli.?* The test lasts for 14 minutes and pri-
marily assesses attention and impulse control. In brief, the
participants were required to respond to the stimuli on a
computer screen by pressing the space bar for every letter
except for the letter "X.” Multiple dependent measures
existed, including omissions, commissions, hit reaction
time (RT), variability of standard error, and detectability
(d’). The confidence index (percentile) combined all of the
CPT data to provide a likelihood out of 100 that a significant
attention problem existed. In terms of the reliability of the
Conners’ CPT Il, the split-half reliability has been reported
to be 0.66—0.95.*

2.5. Statistical analysis

One-way analysis of variance was used to analyze ages, AR
symptom scores (TNSS and T5SS), ADHD scale scores (SNAP-
IV and DSM-IV), and CPT scores among the control, AR, and
ADHD groups. The ADHD scale scores and CPT scores be-
tween the different groups were further compared by two-
sample t tests. The Chi-square test was used to compare
gender distribution between the groups. Univariate linear
regression analysis was used to investigate the association
of inattention and impulsivity (statistically significant var-
iables from SNAP-IV, DSM-IV, and CPT) with possible
explanatory parameters (age, male gender, TNSS, T5SS,
persistent AR, severe/moderate AR, multiple atopic dis-
eases, family history of atopy (FH), possible cADHD) in the
total AR group. “Possible cADHD” in the AR children was
defined as AR children fulfilling the DSM-IV diagnostic

Table 2  SNAP-IV and DSM-IV-TR scores.
Control Pure AR Total AR Pure ADHD p

SNAP-IA (parent) 7.36 + 4.69 9.98 + 6.35% 11t 10.93 + 6.81* T 17.70 + 4.76*** <0.001
SNAP-IA (teacher) 5.91 + 3.15 7.99 + 5.82ff 9.13 £ 6.27** ff 16.80 =+ 5.92*** <0.001
SNAP-HI (parent) 4.32 + 4.27 7.61 + 5.07* 8.59 =+ 5.87* 9.80 + 6.27* 0.002
SNAP-HI (teacher) 2.38 + 2.86 4.89 + 5.35* 6.39 + 6.76** 8.00 =+ 5.50* 0.031
DSM-IA (parent) 1.60 + 1.66 2.90 + 2.83* it 3.31 £ 3.01% 11 6.20 + 2.70*** <0.001
DSM-IA (teacher) 0.97 + 0.93 2.02 + 2.24% 1t 2.47 + 2.61% iff 6.05 & 2.63** <0.001
DSM-HI (parent) 0.92 + 1.41 1.84 + 2.07* 2.28 + 2.36** 3.10 + 3.48* 0.013
DSM-HI (teacher) 0.29 + 0.59 1.22 + 1.87% 1.71 + 2.37** 2.00 + 1.55* 0.036

All data are presented as mean + standard deviation.

ADHD = attention deficit hyperactivity disorder; AR = allergic rhinitis; DSM-IV-TR = Diagnostic and statistical manual of mental dis-
orders IV edition text revision; HI = Hyperactivity/Impulsivity subscale; IA = Inattention subscale; SNAP-IV = Swanson, Nolan, and

Pelham, version IV Rating Scale.

*p < 0.05; ** p < 0.01; ** p < 0.001, compared with the control group (two-sample t test).
ftf p < 0.001; ' p < 0.01, compared the AR groups with the pure ADHD group (two-sample t test).
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criteria of ADHD. Multivariate linear regression analysis of
the significant explanatory parameters was then performed
to build a model to predict inattention and impulsivity in AR
children. All data were analyzed using IBM SPSS Statistics
version 19.0 (IBM Inc., Somers, NY, USA). All tests were two-
tailed and a p value less than 0.05 was considered statis-
tically significant.

3. Results

3.1. Epidemiology data and AR symptom scores

Twenty-nine controls, 10 pure ADHD, and 105 AR children
were enrolled in this study (Table 1). There were no dif-
ferences in age or gender distribution among the groups.
The AR symptom scores (TNSS and T5SS) were significantly
higher in the AR group (both p < 0.001). The higher AR
symptom scores corroborated the rhinitis features of the AR
group. There were no differences in TNSS and T5SS be-
tween the control group and pure ADHD group.

3.2. SNAP-IV and DSM-IV-TR scores

Among the 105 AR children, 12 (11.4%) fulfilled the DSM-IV-
TR diagnostic criteria of ADHD, and the remaining 93
(88.6%) were assigned as the pure AR group. Responses to
questionnaires collected from the parents and teachers
showed significant differences in IA and HI subscales among
the control, total AR, and pure ADHD groups (Table 2).
Compared with the control group, both the AR and ADHD
groups showed significantly increased scores of IA and HI
subscales from both the parents and teachers. There were
no differences in the scores of HI subscales between the AR
and ADHD groups; however, the ADHD group had signifi-
cantly higher scores in the IA subscales than the AR group.
Excluding the possible comorbidity of ADHD, the pure AR
group still had significantly higher scores of all IA and HI

subscales, except for the IA subscale of SNAP-IV as reported
by the teachers, than the control group.

3.3. CPT

In the CPT, there were significant differences in commission
errors (responses to nontargets, i.e., X’s) and marginal
differences in hit RT among the control, total AR, and pure
ADHD groups (Table 3). Compared with the control group,
the AR group had significant increases in commission errors
and perseverations, whereas the pure ADHD group had
significant increases in hit RT standard error and variability,
and marginal increases in commission errors and detect-
ability. Compared with the AR and ADHD groups, the AR
group had significantly shorter hit RT and marginal de-
creases in hit RT standard error.

3.4. Risk factors for inattention and impulsivity in
the AR children

Because the AR children showed higher inattention and
impulsivity than the control group, we further investigated
possible risk factors to predict the inattention and impul-
sivity in the AR children. The significant impulsivity pa-
rameters (HI subscales of SNAP-IV and DSM-IV-TR from the
parents and teachers, commissions, hit RT) and significant
inattention parameters (IA subscales of SNAP-IV and DSM-IV-
TR from the parents and teachers) were used as the
dependent variables. The independent/explanatory vari-
ables (age, male gender, TNSS, T5SS, persistent AR, mod-
erate/severe AR, multiple atopic diseases, family history of
atopy, and cADHD) were selected. Univariate/simple linear
regression analysis revealed that the significant risk factors
included age (for IA and HI subscales of SNAP-1V and DSM-IV-
TR from the parents and hit RT), male gender (for IA sub-
scales of SNAP-IV and DSM-IV-TR from the teachers and HI
subscale of SNAP-IV from the teachers), TNSS/T5SS (for HI
subscales of SNAP-IV and DSM-IV-TR from the parents),

Table 3  Continuous performance test.

Control Pure AR Total AR Pure ADHD p
Confidence index 32.56 + 14.82 36.17 &+ 17.95 37.61 + 17.93 42.07 + 18.11 0.250
Omissions 35.52 + 20.12 34.86 + 18.27 35.48 + 18.66 41.71 + 19.89 0.612
Commissions 29.90 + 31.97 46.13 + 30.95* 45.17 + 31.16* 52.74 + 30.83™ 0.046
Hit RT 44.64 + 32.85 33.75 + 26.081 36.13 + 27.071 54.73 + 26.61 0.080
Hit RT SE 30.41 + 24.83 33.93 + 27.72™ 35.80 + 27.26 51.59 + 30.98* 0.109
Variability 29.54 + 25.28 36.88 + 31.09 38.74 + 30.71 50.18 + 32.35* 0.141
Detectability (d’) 37.26 + 27.45 47.82 + 29.70 46.70 + 29.63 56.60 + 25.44™ 0.145
Response style (B) 44.47 + 27.83 37.91 + 19.46 38.59 + 19.12 46.73 + 24.24 0.287
Perseverations 37.78 + 12.10 44.78 + 24.98 45.56 + 25.70* 44.48 + 23.00 0.302
Hit SE block change 44.06 =+ 22.51 49.56 + 25.99 50.82 + 26.45 52.69 + 28.20 0.442
Hit RT ISI change 36.05 + 21.80 39.53 + 23.74 41.25 + 24.25 47.38 + 26.28 0.392
Hit SE ISI change 39.26 + 22.92 41.07 + 27.69 42.57 + 27.62 48.59 + 33.21 0.640

All data are presented as mean + standard deviation, and as percentiles of the general population, except confidence index, which is
expressed as chance out of 100.

™ p <0.1; *: p < 0.05, compared with the control group (two-sample t test).
™ p <0.1; T p < 0.05, compared the AR groups with the pure ADHD group (two-sample t test).

ADHD = attention deficit hyperactivity disorder; AR = allergic rhinitis; RT = reaction time; SE = standard error; ISI = interstimulus

interval.
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persistent AR (for HI subscales of SNAP-IV and DSM-IV-TR
from the parents), moderate/severe AR (for commissions
and hit RT), multiple atopic diseases (for IA subscale of
SNAP-1V from the teachers), family history of atopy (for hit
RT), and cADHD (for IA and HI subscales of SNAP-IV and DSM-
IV-TR from the parents and teachers and hit RT) (Table 4).

The hit RT and HI subscale of SNAP-IV and DSM-IV-TR
from the parents had the largest numbers of significant
independent variables among all dependent variables. Both
had five significant independent variables. We took the HlI
subscale of SNAP-IV from the parents and hit RT as the
dependent variables for further multivariate linear
regression analysis (Table 5). A four-parameter linear
regression model was obtained for the HI subscale of SNAP-
IV from the parents: HI subscale = 13.616 — 0.927 x age +

Table 4 Univariate linear regression analysis of significant
dependent variables from SNAP-IV, DSM-IV, and continuous
performance test in the total AR group.

Dependent Independent B SE p
variables variables
IA (SNAP-1V,  Age —0.686 0.265 0.011
parent) cADHD 7.819 1.806 <0.001
IA (SNAP-IV,  Male 2.508 1.543 0.109
teacher) Multiple atopy 2.121  1.576 0.184
cADHD 10.725 1.604 <0.001
HI (SNAP-1V,  Age —0.934 0.217 <0.001
parent) TNSS 0.352 0.226 0.123
T5SS 0.308 0.179 0.089
Persistent AR 2.273 1.427 0.115
cADHD 6.300 1.578 <0.001
HI (SNAP-1V,  Male 2.976 1.655 0.077
teacher) cADHD 11.119 1.772 <0.001
IA (DSM-IV, Age —0.242 0.119 0.044
parent) cADHD 3.213 0.810 <0.001
IA (DSM-IV, Male 0.881 0.646 0.177
teacher) cADHD 4.495 0.664 <0.001
HI (DSM-IV, Age —0.290 0.091 0.002
parent) TNSS 0.116 0.089 0.198
T5SS 0.118 0.071 0.099
Persistent AR 0.893 0.561 0.115
cADHD 2.749 0.626 <0.001
HI (DSM-IV, cADHD 3.720 0.637 <0.001
teacher)
commissions Moderate AR 10.392 7.197 0.153
Hit RT Age —2.842 1.089 0.011
Persistent AR —9.760 5.609 0.086
Moderate AR —15.281 5.765 0.010
FH —7.552 5.455 0.170
cADHD 22.516 8.075 0.006

Only independent variables with p < 0.2 are listed.

ADHD = attention deficit hyperactivity disorder; AR = allergic
rhinitis; cADHD = possible comorbidity with ADHD, possible
comorbidity with ADHD; DSM-IV = Diagnostic and statistical
manual of mental disorders IV edition; FH = family history of
atopy; HI = Hyperactivity/Impulsivity subscale;
IA = Inattention subscale; moderate AR = moderate/severe
AR; RT = reaction time; SNAP-IV = Swanson, Nolan, and Pel-
ham, version IV Rating Scale; T5SS = Total Five Symptom Score;
TNSS = Total Nasal Symptom Score.

7.693 x cADHD + 3.065 x persistent AR + 0.379 x TNSS
(R* = 0.351, p < 0.001). According to standardized B,
cADHD had the largest effect for the HI subscale of SNAP-IV
from the parents, followed by age, persistent AR, and
TNSS, in that order. cADHD, persistent AR, and TNSS were
positively correlated with HI subscale, whereas age was
negatively correlated. A three-parameter linear regression
model was obtained for hit RT: hit RT = 73.613
— 2.432 x age — 15.118 x moderate AR — 8.288 x positive
FH (R* = 0.161, p = 0.003). According to standardized B,
moderate/severe AR had the largest effect for hit RT, fol-
lowed by age and family history of atopy, in that order.
Moderate/severe AR, age, and family history of atopy were
all negatively correlated with hit RT.

4. Discussion

Previous studies have focused on the epidemiological as-
sociations between ADHD and AR.">'® Brawley et al inves-
tigated 30 ADHD children and reported that 80% had AR
symptoms, 43% had typical physical signs of AR, and 61%
had positive prick skin test results. Chou et al analyzed 469
ADHD cases from the NHIRD in Taiwan and reported an
increased rate of AR in ADHD patients compared with the
general population (OR = 1.83; 95% confidence
interval = 1.48—2.27; p < 0.001).”> Shyu et al also
analyzed the NHIRD and reported that allergic children
(including those with AR, bronchial asthma, atopic derma-
titis) had a higher prevalence rate of ADHD than the general
population (0.9% vs. 0.5%, p < 0.001).%¢ In addition, chil-
dren with AR and bronchial asthma but not atopic derma-
titis had a higher risk of being associated with ADHD, and
the main contributing factor was AR.%® Tsai et al further
investigated AR children from the same database and re-
ported that AR children also had a higher prevalence of
ADHD than the general population (1.0% vs. 0.5%,
p < 0.001)."® The main limitations of these three studies
using the NHIRD were (1) proper and correct diagnosis
coding could not be guaranteed from an electronic data-
base; (2) the association between the severity of the
symptoms of the allergic diseases and ADHD was not dis-
cussed; and (3) the association of ADHD symptoms with
allergic diseases was not investigated.

The current study first investigated the severity of
inattention and impulsivity in AR children after a correct
diagnosis and then recorded their symptom scoring of AR
and ADHD.

The results demonstrated that AR children had higher
ADHD symptom scores (SNAP-1V and DSM-IV-TR; Table 2) and
commission errors (CPT; Table 3) than the control children.
After excluding those with the possible comorbidity of
ADHD and excluding the interference by AR therapy, the
untreated pure AR children still showed higher inattention
and impulsivity than the control group in the symptom-
scoring questionnaires (SNAP-IV and DSM-IV-TR; Table 2)
and computerized test (CPT; Table 3). Furthermore, we
suggest that impulsivity was a more significant issue than
inattention in the AR children based on three findings. First,
the differences in impulsivity scores between the AR and
control children were more significant than inattention
scoring (p < 0.01 in the HI subscale vs. p < 0.05 in the IA
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Table 5

Multivariate linear regression model for HI subscale (SNAP-1V, parent) in the total AR group.

Independent variables

HI subscale (R* = 0.351, p < 0.001)

Hit RT (R* = 0.161, p = 0.003)

B (SE) Standardized B p B (SE) Standardized B p
Age —0.927 (0.240) -0.373 <0.001 —2.432 (1.004) —0.247 0.018
cADHD 7.693 (1.973) 0.375 <0.001 — — —
Persistent AR 3.065 (1.325) 0.239 0.024 — — —
Moderate AR — — — —15.118 (5.569) —0.276 0.008
TNSS 0.379 (0.233) 0.168 0.108 — — —
FH — — — —8.288 (5.202) —0.162 0.115

AR = allergic rhinitis; cADHD = possible comorbidity with ADHD, possible comorbidity with ADHD; FH = family history of atopy;
HI = Hyperactivity/Impulsivity; moderate AR = moderate/severe AR; RT = reaction time; SE = standard error; SNAP-IV = Swanson,

Nolan, and Pelham, version IV; TNSS = Total Nasal Symptom Score.

subscale of SNAP-IV from the parents; Table 2). Second, the
impulsivity scoring of the AR children showed no difference
to the pure ADHD children. Third, the AR children showed
increased commission errors and shorter RT in the CPT than
the control children (Table 3). The response pattern of a
faster RT but more commission errors is usually associated
with an impulsive style.?* Impulsivity in atopic patients was
corroborated by Runeson et al’s finding that asthma was
associated with higher impulsiveness scores.?”

After univariate linear regression analysis to identify the
variables that may be responsible for the impulsivity and
inattention in the AR children (Table 4), the significant in-
dependent variables included age, male gender, AR symp-
tom scores and persistence, moderate/severe AR, and
family history of atopy, possible cADHD, and multiple atopic
diseases. For age, the ORs for ADHD in AR and allergic
children have been reported to be highest between 6 and
11 years of age, and decreasing thereafter.'®?® Likewise in
our study, age had a negative effect on IA and HI subscales
from the parents. With increasing age, the severities of
impulsivity and inattention decreased. In addition, hit RT
(expressed as percentile of the general population) of the
AR children decreased as their age increased. With regard
to gender, boys with ADHD have been reported to be more
likely to be impulsive than girls,?"?% and AR boys have been
reported to have a higher risk of ADHD than girls.'® In the
current study, the AR boys also had higher scores in the HI
subscale of SNAP-IV from the teachers. In addition, male
gender also had a positive effect on the IA subscales from
the teachers, and was a risk factor for inattention and
impulsivity. With regard to AR symptom scores and persis-
tence, the TNSS/T5SS and persistent AR had positive effects
on the HI subscales from the parents. That is, children with
higher symptom scores of AR or persistent AR had a higher
risk of impulsivity. Persistent AR was also correlated with a
shorter RT, which is also an indicator of impulsivity. Both
moderate/severe AR (disturbing daily activities or sleep)
and a family history of atopy had a negative impact on hit
RT. Moderate/severe AR also had a positive effect on
commission errors. Therefore, moderate/severe AR and a
family history of atopy were risk factors for impulsivity.
Possible cADHD, not surprisingly, strongly predicted higher
scores of IA and HI subscales in the AR children. cADHD was
also positively correlated with hit RT. That is, the AR chil-
dren with cADHD had a longer hit RT more like the per-
formance of the pure ADHD children in the CPT (Table 3).

Multiple atopic diseases predicted higher scores in the IA
subscale of SNAP-IV from the teachers.

Although we generated a multivariate linear regression
model for the HI subscale of SNAP-1V from the parents and
hit RT in Table 5, interpretation of hit RT related to
impulsivity and inattention should be done with caution.
Atypically fast RT when combined with an unusually large
percentage of commission errors may indicate impulsivity,
whereas very slow RT coupled with a large percentage of
omissions and/or commissions can indicate inattentive-
ness.”* Identifying a child’s performance on the CPT as an
impulsive style or inattentive style need to take into
consideration hit RT, commission errors, omission errors,
perseveration, and detectability as a whole.

In conclusion, this is the first study to investigate the
correlation between AR severity and ADHD symptom scoring
in children. The AR children scored higher in ADHD symp-
tom questionnaire and made more commission errors in the
CPT than the control children. Eliminating the possible
comorbidity between AR and ADHD and excluding inter-
ference by AR therapy, the untreated pure AR children still
showed higher impulsivity and inattention than the control
children. Impulsivity was a greater problem than inatten-
tion in the AR children. Potential risk factors for impulsivity
and inattention in the AR children were younger age, male
gender, higher AR symptom scores, persistent AR, moder-
ate/severe AR, multiple atopic diseases, family history of
atopy, and possible cADHD. Pediatricians caring for AR
children should not only treat their allergy but also the
possible comorbid impulsivity and inattention, especially in
AR children with potential risk factors. In addition, in
children with impulsivity and inattention, allergic diseases,
and especially AR, should be considered in addition to
ADHD.
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