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1 | INTRODUCTION

Abstract

OBJECTIVES: Anxiety often presents comorbidly with asthma in youth under 18; however,
prevalence rates are unclear. The aim of this review was to provide an up-to-date analysis of the
literature investigating the prevalence of anxiety disorders, and comparisons of anxiety
disorders and symptomatology in youth with asthma, compared to those without.

METHODS: A systematic search was conducted using the databases PsycINFO, MEDLINE,
EMBASE, and CINAHL.

RESULTS: The search process produced 15 studies (n = 7443) reporting data on youth with
asthma and anxiety disorders, 11 studies (n = 10 332) reporting data on youth with and
without asthma and anxiety disorders, and 28 studies (n = 5848) reporting data on youth
with and without asthma and anxiety symptomatology. Youth with asthma had an anxiety
disorder prevalence rate of 22.7%. Youth with asthma also had a greater number of anxiety
disorders, compared to those without asthma (d = 0.37, 95%Cl: 0.24-0.50, P < 0.001), and
higher levels of anxiety symptomatology than youth without asthma (d = 0.29, 95%Cl: 0.19-
0.39, P <0.001).

CONCLUSIONS: Youth with asthma display a prevalence rate for anxiety disorders that is more
than three times higher than the prevalence in healthy youth. For the specific anxiety
disorders investigated, elevated prevalence rates for youth with asthma were also found.
Future research needs to focus on the factors that mediate or predict the development and
maintenance of anxiety in youth with asthma and the development of clinically efficacious

treatments.
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disorders such as anxiety, at higher rates than what has been shown in

youth without asthma.'®=*2 However, with reports of prevalence

Asthma is the leading chronic illness for children and adolescents
(youth), with point prevalence rates of approximately 9.5%.173
Medically, a diagnosis of asthma carries with it a risk of further
morbidity and, although rare, increased mortality.* Psychosocially,
asthma in youth has been associated with increased educational

difficulties,® behavioral and social difficulties,®8

and psychological
impairment.”
Research into the comorbidity between psychological disorders

and pediatric asthma shows evidence of the presence of internalizing
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ranging from 14%° to 49%,'* there is discrepancy regarding the exact
rate of anxiety disorders in youth with asthma. This discrepancy
appears the result of methodological differences in the empirical
literature such as sample age, geographical location, or socioeconomic
status, the type of anxiety disorder measured or the measurement
method used. It is also unclear why youth with asthma have high rates
of anxiety and what types of anxiety disorders youth with asthma are
likely to experience.

Only one model has been developed to explain the relationship
between asthma and anxiety development in youth. Park et al*®
proposed that following the onset of asthma symptoms, the source

of anxiety may be the symptoms of asthma itself. Their model was
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adapted from a model explaining panic disorder. In panic disorder,
people misinterpret normal bodily sensations (eg, shortness of
breath) as catastrophic or life threatening. This misinterpretation
leads to an increase in anxiety. People then engage in avoidance,
escape, or other behaviors in order to feel safe. However, these
behaviors ultimately work to maintain the anxiety. Park et al
proposed that anxious youth with asthma may misinterpret normal
occurrences of breathlessness (eg, those caused by physical
exertion) as indicative of an asthma attack, in a similar way to
that which has been proposed in other respiratory diseases such as
chronic obstructive pulmonary disease.*® If youth respond to these
normal bodily sensations in the same way as they would if they were
asthma symptoms (ie, take rescue medication such as short acting
B-agonists), the symptoms are unlikely to subside. This is expected
to further increase anxiety for someone with asthma. Subsequently,
they would attempt to engage in avoidance or escape behaviors
similar to those of people with panic, which would maintain anxiety
in the long term.

If Park et al's'® model is correct, we would expect panic disorder
to be particularly inflated in youth with asthma, compared to other
anxiety disorders. Such a specific relationship between panic disorder
and asthma has been noted in adults®” but whether this is also true
for pediatric asthma is unknown. In the two prior meta-analyses of
anxiety in youth with asthma, neither examined specific anxiety
disorders. Pinquart and Shen®® investigated anxiety in youth with
chronic illness generally and found that youth with all chronic
ilinesses, including asthma, displayed higher levels of anxiety (as
indicated by a disorder or symptoms), compared to controls, with a
small effect size for asthma of d=0.13. Pinquart and Shen!®
compared data for youth with asthma to normative data if no
control group was reported. While this led to an increase in the
number of studies in their meta-analysis, it is unlikely the normative
samples included a completely asthma-free population; thus there is a
risk that children with asthma were over-represented in the control
groups. Lu et al*” found an anxiety prevalence rate of 33% in
adolescents. While this study did not include normative data in a
control group, the findings were limited by sample size as the meta-
analysis included only five studies, one of which included a sample of
participants aged 16-21 years, thus not an exclusively youth, or
adolescent, sample. Further, neither review investigated specific
anxiety disorders, nor did either examine differences in youth with
and without asthma in regard to anxiety as indicated by a diagnosis of
a disorder, versus high anxiety symptomatology.

The current paper aimed to fill these gaps and provide an
updated meta-analytic review of research published since Lu et al.*’
Specifically, we attempted to investigate general and specific anxiety
disorder prevalence rates in a sample of youth ranging from O to 18,
and look individually at levels of anxiety disorders and anxiety
symptomatology in youth with asthma, compared to a sample
without asthma. We aimed to determine (1) how common anxiety
disorders are in youth with asthma; (2) the rates of specific
anxiety disorders for this population; and (3) the difference in
anxiety disorders and symptomatology between youth with and

without asthma.

2 | METHOD

This meta-analysis followed standard PRISMA criteria for systematic

reviews.2°

2.1 | Search strategy

We conducted a systematic search of electronic databases PsycINFO,
MEDLINE, EMBASE, and CINAHL to 01 July 2015. MESH search
terms included asthma, intersected with paediatric/pediatric, child,

adolescen”, youth, intersected with anx*, panic, GAD, “generalised

n o« n o«

anxiety disorder,” “separation anxiety disorder,” “anxiety symptoms,”
“psychological distress,” depression, “depressive symptoms.” Due to
known comorbidity between depression and anxiety in youth,?!
search terms relating to depression were included so as to not exclude
any studies on depression that included a measure of anxiety. A search

of reference lists of relevant articles?? was also conducted.

2.2 | Selection criteria

The inclusion criteria were that the study:

a. Included a sample of youth under 18 with a diagnosis of asthma.

b. Included a measure of anxiety, either a clinical diagnosis according
to the Diagnostic and Statistical Manual of Mental Disorders,> or a

self/parent/teacher-reported measure of anxiety symptomatology.

c. Provided data allowing the computation of an effect size or such

data was available from the authors.

Studies included in the analyses comparing the presence of anxiety
disorders and symptomatology between youth with and without asthma
were required to include a control group to meet inclusion criteria.
Studies included in the anxiety disorder prevalence analysis did not
require the presence of a control group. Exclusion criteria included non-
English studies, studies that reported on anxiety symptomatology
without a control group, studies that reported on “internalizing disorders”
or “psychological disorders” in general where anxiety could not be
discerned from other disorders, and studies where asthma could not be

discerned from other illnesses.

2.3 | Data extraction

Methodological and outcome data were extracted into a Microsoft
Excel spreadsheet by the reviewer (JD), with 20% of the data extracted
independently by another reviewer (EJ). Correlations between the
raters for double extracted data were 20.99 (P < 0.05).

The following methodological information was extracted: authors,
year of publication, geographical location of study (continent), sample
size, sample type (medical or community), % male, mean age, youth
anxiety measures (diagnostic interview, questionnaires etc.), youth
asthma information (severity, medication), informant of youth anxiety,
and informant of youth asthma.

The following decisions were made prior to data extraction:

a. In studies with more than one assessment point, we included only

the baseline scores.
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b. If a clinical diagnostic interview and self/parent-report measures
were included, we extracted both data points and included them in

the separate disorder and symptomatology analyses, respectively.

c. Where studies compared multiple groups of youth with asthma (ie,
mild and severe) to a single control group, the number of controls
was divided by the number of asthma groups to avoid inflating the

control n.

d. Where studies reported results for independent samples (eg,
separate results for males and females, or mild and moderate
asthma severity), we combined these into one sample per study for

the analysis.

e. Anxiety disorder studies were included if they reported on a sample
of youth with asthma, regardless of whether there was a control

condition. These studies contributed to the prevalence analysis only.

f. When participant data were reported in more than one study, we

selected the study with the largest n.

2.4 | Statistical analysis

We conducted the meta-analysis using Comprehensive Meta Analysis
version 3. The first analysis calculated the overall event rate to
determine the prevalence of anxiety disorders among youth with
asthma. In the subsequent analyses, Cohen's d was used to calculate
whether youth with asthma had greater anxiety disorders and
symptomatology than youth without asthma. A positive d indicates
that the asthma group had higher anxiety than the control group.
To determine heterogeneity of the overall effects, Cochrane's Q
tests for heterogeneity were performed, and > was reported.
Publication bias was evaluated by Rosenthal's fail-safe N>* and Duval

and Tweedie's trim and fill method.?*

E3 3
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3 | RESULTS

3.1 | Search process

Overall the search yielded 3552 articles, of which 1645 were
duplicates (Fig. 1 shows the flowchart of the search). In step 1 of
the search, two reviewers (JD, EJ) read the titles and abstracts of the
1907 articles for potential inclusion. Interrater reliability was
substantial (Kappa=0.72). Articles were excluded on the basis of
title and abstract if they were not deemed to report data on anxiety in
youth with asthma (n = 1431). Step 2 of the search process was a full-
text review of the remaining 476 articles by the same two reviewers.
Interrater reliability remained substantial (Kappa=0.78). Four hun-
dred and thirty-three articles were excluded, as they did not meet full
inclusion criteria (as outlined in the method). After exclusion, there
were 43 articles that met the study criteria (see supplementary data for
the reference list of included studies). Of the 43 articles, 15 reported
on anxiety disorders and could be included in the prevalence analysis,
11 reported on anxiety disorders and also included a control group and
were included in the anxiety disorder comparison analysis and 28
reported on anxiety symptoms and included a control group, thus

could be included in the anxiety symptomatology analysis.

3.2 | Prevalence of anxiety disorders

Fifteen studies (n=7443) were included that allowed for the
calculation of the overall prevalence of anxiety disorders (see Table 1).
The average prevalence of anxiety disorders in young people with
asthma was 22.7%. The prevalence rate of individual anxiety disorders
was also calculated where possible. The average prevalence of

generalized anxiety disorder (GAD; k = 6) was 6.4%, separation anxiety

3543 records identified
through database searching

9 additional records identified
through other searches

v

removed)

3552 records identified (1907 records after duplicates

|

1907 titles and abstracts

v

476 full-text articles assessed

screened H| 1431 titles and abstracts excluded

for eligibility

v

43 studies eligible for
inclusion

1431 full-text articles excluded*

113 Did not report on anxiety and asthma in children
66 No measure of anxiety

57 Adult population

46 Author did not reply to data request

44 Measured anxiety in asthma sample only

42 Theoretical/opinion piece/conference abstract
35 Data already included

25 Internalising disorders

5 Case study

* Multiple exclusions reasons are possible for each article

v v

15 studies eligible for
prevalence analysis

11 studies eligible for
diagnosis analysis

38 studies eligible for
symptom analysis

FIGURE 1 Flowchart of the study inclusion process
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disorder (k = 7) was 9.5%, social phobia (k = 5) was 7.3%, panic disorder R O N N U é
(k = 6) was 4.5%, and agoraphobia (k = 4), was 5.4%. - 8 g 2 S S ZE 8 S 3 8 S %
8
c
3.3 | Anxiety disorders KB tE 0
s 3 g & _ g
There were 11 between-group comparisons (from 11 articles; n = 10 332) g § @ § T T T § § 9_‘3 T T &
included in the anxiety disorder analysis, published between the years 1993 ESE£ELES565666E&G666 g
and 2014 (Table 2). All were cross-sectional. The location of the studies ;
included Oceania (k = 1), Europe (k = 1), and North America (k = 9). Studies » n 'g
mainly reflected a community sample (k = 10). E % Q % 538998885 % E
Asthma disorders were informed through physician report (k =4), g f E 'E- 9 é E E E E 9 f '42
parent-report (k =4), and self-report (k=1). Two studies did not report 5
information on asthma disorder informant. Three studies reported data on g
medication usage for youth with asthma, and three on asthma severity. & : L, @ § : LD g
Ten studies diagnosed anxiety via a clinical interview (DISC k = 6; §
CIDI k=2; K-SADS k= 2). The remaining study captured diagnostic ° 4"-:2
data via a phone interview. Informants of anxiety were youth (k = 5), § T g § .% | g g N %
parents (k = 3), and both youth and parents (k = 3). The total number of g
asthma participants was 5493 with sample sizes ranging from 15 to §
1256. Of the studies that included data on age (k= 6) and gender ‘é < g g § £ 5
(k=6), the mean age of asthma participants ranged from 9.7 to g :é E g E g § S :a,-: § L;
18 years and the % males ranged from 51.5% to 67.6%. The total B CTECTECSE Bl %
number of control participants was 4839, with sample sizes ranging S
from 31 to 1846. The mean age of control participants ranged from 13 > > > > > 22222 %
to 18 years and the % males ranged from 48.3% to 61.3%. © @ é é é é é é é é é é 3 %
Results from the 11 studies were analyzed to investigate _g E‘ E EEE E EE E E E T S
between-group differences in anxiety disorders for youth with and ?"é & 3838888888388 = %
without asthma. The combined effect size between the two groups E %
was d =0.37 (95%Cl: 0.24-0.50, z = 5.58, P < 0.001), indicating a small- *é % %
to-medium effect. This indicates that youth with asthma exhibit a T 2° ﬁ 3 :r)_ 2 o k! '*g
greater number of anxiety disorders, compared to youth without g M E O N N Eg
asthma. There was a large amount of variability within the effect size 2 o
Q. =32.79, P <0.001; however, a medium to large proportion of the % g 5 o 'Y < ~ ﬂ %
variability reflected real differences I?= 69.50. : M EH B E MR g
Tests for heterogeneity were significant (P < 0.001), thus results % g g
are presented in the context of random effects models. Publication L % - 2 ﬁ QL Ly N, g - g )
bias analysis showed that the failsafe N for the overall effect for 8 REEEE > [o8 — fall @ B8 < ol < Baill ..g g
anxiety disorders was 274. According to the trim and fill analysis, one OCC)D g -E
study may have been missing. When this study was added to the meta- % g g g g g g g § g g E
analysis, the effect size attenuated toward the null but remained .‘E . g g g g g g g g ¢ :i
significant (d = 0.30, 95%Cl: 0.17-0.44). g 2 2 fz E E ; E 2 ; ; ; 2 8 &
3.4 | Anxiety symptomatology _% Té“ N
c v o
There were 38 independent comparisons, from 28 studies (n = 5848), _::3 § § g g é g 'é § § § g g § ?2)
included in the anxiety symptom analysis, published between the years E BB B BN '-g E
1979 and 2015 (Table 3). All were cross-sectional. The location of the k5 'rg“ S
studies included Oceania (k = 2), Asia (k = 3), Europe (k = 10), and North % 2 *E %
America (k=13). Sample type was split between medical (k=12), 'GE‘,} “&j %" ,g ;%
community (k = 15), and other (k = 1). el g - 'GS = = % *é f_)
Of the 28 studies, 18 reported information on informant of &» T g2 5 BB g S E s o3
asthma diagnosis. Asthma diagnosis was informed through physician : g é é g '_% '_% E ;0 ;:b :7': :_g ?Zo g Z; 8
report (k = 11), parent-report (k = 4), and self-report (k = 3). Medication ,_-:,t;' g é E g § § § g g é Eo E =< °
usage was reported by seven studies. Six studies reported that the = N
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sample used one or more medications and one study reported PRN
medication. For asthma severity, 13 samples in 10 studies had data on
asthma severity. Six samples included youth with mild-severe asthma,
two studies included a sample with mild asthma, two with mild-
moderate asthma, one with moderate, one with moderate-severe, and
one with severe asthma.

Anxiety symptoms were measured through questionnaires
(k = 26), interviews (k= 1), and a phone survey (k=1). There were a
range of questionnaires used, with the State-Trait Anxiety Inventory
being the most common (k= 7). Anxiety informants included self-
report (k = 20), parent-report (k = 6), and other-report (k = 1), with one
study not reporting anxiety informant. The total number of asthma
participants was 1308 with sample sizes ranging from 18 to 158. Of
the studies that included data on age (k = 20) and gender (k = 25), the
mean age of asthma participants ranged from 8.7 to 17.2 years, and the
% males ranged from 44% to 74%. The total number of control
participants was 4540, with sample sizes ranging from 5 to 692. The
mean age of control participants (k = 20) ranged from 8.7 to 17 years
and the % males (k = 25) ranged from 43.2% to 82.8%.

The 28 studies were analyzed to investigate between-group differ-
ences in anxiety symptomatology for youth with and without asthma. The
combined effect size was d =0.29 (95%Cl: 0.19-0.39, z= 5.39, P < 0.001),
indicating a small effect. This suggests that youth with asthma are reported
to have higher levels of anxious symptoms, compared to youth without
asthma. There was a large amount of variability within the effect size
Q. =82.01, P<0.001; however, a medium proportion of the variability
reflected real differences I? = 54.88.

Tests for heterogeneity were significant (P < 0.001) and results are
presented in the context of random effects models. The failsafe N for
anxiety the effect of anxiety symptomatology was 510. The trim and
fill analysis indicated that three studies may have been missing. When
these were added to the analysis the effect size attenuated away from
the null and remained significant (d =0.30, 95%Cl: 0.20-0.40). A
comparison between the effect sizes for anxiety disorders and anxiety

symptomatology was non-significant (Q =0.761, P=0.38).

4 | DISCUSSION

This meta-analysis provides a comprehensive review of anxiety disorders
and symptomatology in youth with asthma. Our aims were to determine the
prevalence rates of anxiety disorders for youth with asthma, both in general
and for specific anxiety disorders, and the difference in anxiety disorders
and symptomatology between youth with and without asthma.

Results indicated that youth with asthma had greater levels of
both anxiety disorders and symptomatology, than youth without
asthma. In addition, we found that the pooled prevalence of clinically
diagnosed anxiety in youth with asthma was 22.7%. This finding
suggests that over one in five youth with asthma have anxiety. At over
three times higher than the prevalence rate of anxiety in healthy
youth,?® these results unequivocally confirm that youth with asthma
are more likely to experience anxiety disorders. Results also showed

the prevalence of specific anxiety disorders is inflated in youth with

asthma compared to healthy youth. We found prevalence rates of
9.5% for separation anxiety disorder, 7.3% for social phobia, 6.4% for
GAD, 5.4% for agoraphobia, and 4.5% for panic disorder. The
prevalence rates of GAD and social phobia were three times higher
in our analysis than what has been reported for youth generally and the
prevalence rates for separation anxiety, panic disorder, and agorapho-
bia in youth with asthma were twice as high.2%?”

Based on the model proposed by Park et al,*° and the relationship
between panic disorder and anxiety shown in adults with asthma, %%’
panic disorder was expected to be particularly inflated in youth with
asthma. This was not the case, suggesting that perhaps the model may
only partially explain the development and maintenance of anxiety in this
population. Of note, is that the lower rate of panic disorder, compared to
other anxiety disorders, is not dissimilar to what is seen in healthy youth,
where prevalence is quite low during childhood and increases during
adolescence and early adulthood.?8 This increase is potentially due to
differences in how youth and adults understand the cognitive
component of panic. Young people may have difficulty interpreting
symptoms or sensations relating to panic attacks as being particularly life
threatening as it is thought that their understanding of their own
mortality does not develop until late childhood/early adolescence.?’
Therefore, it is possible that only through conceptualizing one's own
mortality does the interpretation of panic symptoms and implication of
panic attacks become anxiety provoking and panic disorder ensues.*°

Instead of a higher prevalence of panic disorder, there was a
spread of anxiety disorders experienced by youth with asthma. Again,
this is not dissimilar to what is seen in a healthy youth population.
Establishing that youth with asthma present with a range of anxiety
disorders is an addition to the research field in this area and should be
used to inform the development of psychological treatment for this
population. In adults with asthma, psychological treatment approaches
tend to focus on treating panic disorder or symptoms of panic,31732
which is understandable given the higher prevalence rate. In children,
our results indicate that a more transdiagnostic treatment approach
may need to be established. Indeed, the benefit of transdiagnostic
treatments has been indicated in other pediatric populations such as
those with pain®® and somatic complaints®*

The spread of anxiety disorders in youth with asthma and, thus, lack of

15 model does not necessarily mean that the

evidence confirming Park et al's
asthma is not a major contributor to anxiety development and maintenance.
It is highly likely that anxiety in youth with asthma is related in some way to
the asthma itself, or the consequences of asthma. However, a third variable
could also be influencing the anxiety, such as parental psychopathology. In
healthy youth, research has shown that parental psychopathology is
associated with an increase in childhood anxiety,®> and parents of youth
with asthma have higher levels of anxiety than parents of those without.3®
Further, there is evidence indicating that mothers who were stressed during
pregnancy were more likely to have young children who developed
asthma.®” It is possible that parental anxiety may be moderating the
relationship between asthma and anxiety in youth.

Although there is a larger proportion of youth with asthma who
experience anxiety compared to healthy youth, the ratio of anxiety to
no anxiety is just over 1:5, signifying that the majority of youth with

asthma are able to manage the illness without developing an anxiety



'S0°0 > d=«
"UaJp|IyD 40} AIOJUSAU| AJBIXUY e ] -93B1S ‘DIVLS ‘AJOJUBAU| AJBIXUY Hed] 91e3S ‘1S ‘UaJp|iyD J0) AIOJuaAu| AJRIXUY pue eiqoyd [B120S ‘D-VdS ‘UaJp|iyd Joj aileuuonsand Suido) ssalis ‘“ODDS
212G AJaIXUY P|IYD 2oUdS ‘S {SIaPIOSI(] [euoizow ] paeRy-ARIXUY plIyD) 104 USI2S ‘GIYVIS ‘1591 ARIXuy uonizedwo)) Hods ‘¢S {S)UIIS|opY 104 3]EIS AJDIXUY [BID0S V-GS ‘ADAINS ‘S 9]BDG AJRIXUY ISSJIUBIA|

m S,UBJP|IYD PISIAY ‘SYINDY ‘9[edS UoIssaida pue AJaIxuy s,uaipjiyd pasiasy ‘SAvIY ‘adieuuorisanb ‘O :saouaiiadxd s,ualp|iyd Jo |esieaddy sualed ‘JIVd ‘241BULOISINY JUSWDIRIS-J|3S ANAIDBYY dA1IESIN ‘DSSYN
: {241eEUUONSINY PIYD-I2YI0IA “DIIN “ISIP129YD 9A1393(PY 19944V 31d1NIA “TDVVIA (MBIAISIUL ‘| (UOISIIA JUIB -SIUISI|OPY PUB USJP[IYD 10} MIAIRIU| d13souSelq ‘d-y DI (9]eds 1dadu02-419S s,ualp|iyD SleH sJald ‘SJSD
& :5|edg juswaunsesy ASojoyredoydAsd pooypiiyD ‘SINdD 2[IS AJBIXUY ISDHIUBIA| SUIPIIYD ‘SYIAD ‘USIP|IYD 404 WSISAS JUSWISSISSY JoIABYDE “DSYE ‘SUBSW B} USSMID] SIUSISHIP paziplepue)s ‘p (pajiodaljou ejep ‘-
Hmm ¢00- PIUD SYWDY O G€T €€ uenisAyd Ajlunwwiod VL €€l 0s EJLSWY YLION 800¢ 1€ 39 JIOM
= «8€0 PIUD VS 0 - €ve UINOA Ajunwwod - - S9 elueasQ 6861 |e 39 UOISSp
V.. jualed
il «67'0 /PIYD SV2S O 6 61¢€ uenisAyd Ajlunwwiod L9 6 8G1 eluesasQ (0)40]4 [B 39 UILIS||INA
m 0€0 PIYD I (1 [43 uenisAyd [BIPIN S1s 8Tl €e adoing [4X014 njSoway pue njsoxnL
W 120 juaied SINdD :O 9€TT 0s uepisAyd [e2IP3N c9 ¢9'6 0s elsy [44014 e 39 ysuis
€9 12
A% ¥e
«19°0 PIUD 1OVVIN D - 174 uepIsAyd [E2IPAN 19 - 134 EJLBWY YLION 661 e 39 9pej3Ian|iS
¥0'0- PIUD 2008 ‘0 8'6 6S€ uepIsAyd [2IPAN 905 10T 6L adon3 €00¢ |e 32 13poy
«6S'T pIyd IV1S 0 €yl 6C AnoA Ajunwwiod T'€s LET 4 adoin3 S00¢ [B 13 P]aAIRlY
«1CT PIUD OSSYN O 1274 14 YnoA Ajlunwwiod (4974 vET (4% adoin3 ¢00¢ [B 33 P]PAISIY
910 PIUD IV1S ‘D LT 9¢€ uepIsAyd [e2IPAN 0s (/A" 9€ adoun3 000¢ [B 33 p]aAISly
610 pIyd IV1S 0 - 14 uepIsAyd [B2IPSIN 09 - 14 adoun3 000¢ pIRAIBIY
[AN] pIyd SelSeRe) Vit T4 - [E2IP3IN cL LTT T4 eJldWY YioN G661 1€ 39 Jnped
«LE0 PIUD SVINDY :O S€T SPT JBY10 LBYo YL 66 6€ EJLBWY YLIoN €661 |€ 33 Uos|o
810 jusied OO D - 6¢ juated Ajunwwiod 0s - o€ EJSLBWY YLION 6161 SCIEN
€0 pIyd SVIDY O L8 1924 jusied Ajlunwwiod 9S L8 914 EJLSWY YLIoN 000¢ 9s3l4 pue uosiiej
6'6S 671 LET
€00 PIUD Savoy -0 6v1 |74 uepIsAyd [E2IPAN 6S 1's1 19 elsy ¥10¢ g3 m
[A%0] pIyd JIVLS O eTT 0L uepIsAyd [3IPAN 7’19 €11 (074 ado.n3 ¥10¢ |E 33 343397
Y00 jusied a3xyvos o 11 8¢ jusied [B2IP3IN L99 [4% 81 adoun3 ¥10C [e 32 neq
«CY'0 jusied d-voIa ‘| - 9S uenisAyd |e2IPaN €79 - 9% EJLBWY YLION 8861 |€ 39 lueyse)
6S €ct
«1€°0 jusied 30vd S - ¥8€1 jusied Ajunwwod €9 - - (47 EJLBWY YLION 900¢ |e 32 uewsyeH
800 PIUD SYWDY ‘O [4507" o€ uenisAyd Ajlunwwiod €9 (4" 08 adoun3 S00¢ Slesy-Asuyged
100~ pIyd D-IVdS ® V-SVS ‘0 - [44% AnoA Ajunwwiod - - (44" eJUBWY YIoN 600¢ |€ 39 9s9zznig
900 pIyd IV1S O ¥6'ST 12 - Ajlunwwiod 4% [434" 14 elsy G661 >jooig
€20 pIyd SVIND D LTT 174 uepisAyd Ajunwwiod - a1 144 EJLBWY YLION 1661 [e 32 Jopuag
70 BYo Jsve 0 €01 1c uepIsAyd Ajunwwod 144 901 LT EJLBWY YIoN S00C |E 39 zuag Japuag
«87'0 PIUD SeleRle) S'o1 9¢€T uenisAyd Ajlunwwiod 6%9 [40)1 1224 EJSLBWY YLION 7661 |e 32 ulsny
0€0 jusied | - 1745 jusied Ajlunwwiod S - 1 EJLBWY YLION otoc v
3 Y10 Byo IV1S 0 (404 T4 uepIsAyd Ajlunwwiod L9 [40)1 MM adoin3 €00¢ |2 30 eAexedly
vr.a p juewioyu| poylsin asdy u Juew.ou| a|dwes dlen % a8y u uofes’07 Jea\ sioyny
M Jos3uo) ewyisy
m Bwylse JNOYHM pue Ylim YInoA usamiaq A3ojojewoldwAs Ajaixue uo sisAjeue sy} ui papnjoul saipnis € 319vL




DUDENEY ET AL

E3
W] LEY

disorder. Nonetheless, for those who do have comorbid anxiety,
research shows their outcomes are worse in terms of both
psychological functioning and asthma.'X*® Therefore, it is important
that health practitioners working with a pediatric asthma population
identify this substantial minority. Psychologically, this could be
through the use of anxiety symptom measures, such as the State-
Trait Anxiety Inventory for Children,®? and the Youth Asthma-related
Anxiety Scale,*® both of which have been validated in youth with
asthma. Biologically, there has been recent evidence indicating that
the presence of dampened Neuropeptide Y (NPY) could mediate the
association between stress and an enhanced inflammatory response in
youth with asthma.** Thus, assessing for levels of NPY could provide
an indication of those youth with asthma who experience chronic
stress and may be at risk of anxiety development and poorer asthma
outcomes. The identification of youth with comorbid asthma and
anxiety then allows health professionals to direct them to services
providing treatment. For example, appropriate treatment options
include cognitive behavior interventions, which have been shown to
be effective in reducing anxiety in youth when delivered both in-

person42,43 44,45

and remotely through online or smartphone mediums.

A strength of the meta-analytic procedure is being able to pool
results from a large number of comparable studies to increase statistical
power and improve estimates of anxiety in youth with asthma.
However, the paper is not without limitations. First, the inclusion of
cross-sectional studies did not allow for causal relationships to be
determined. In adults, there is evidence of bi-directionality between
asthma and anxiety?” and it would be informative to see whether this is
also present in youth. Further, the articles did not provide data on
whether the onset of anxiety disorders preceded the diagnosis of
asthma or vice versa. As such, it remained unclear whether the asthma
condition exacerbates underlying anxiety sensitivity, whether anxiety
emerges as a response to the asthma, or whether anxiety predates the
asthma diagnosis. Second, compared to the review by Pinquet and
Shen,*® we had fewer studies that met inclusion criteria as we included
only studies that had a reported control group in our between-group
analyses. However, our effect size for anxiety symptomatology was
double that reported by Pinquart and Shen'8, perhaps indicative of the
difference of using an asthma-free control sample. Third, a number of
studies that appeared to meet our main inclusion criteria were unable to
be included due to inadequate data to compute an effect size and lack of
author reply. Given our publication bias analyses, these studies were
unlikely to have affected the overall results, and little divergence
appeared between the results of the studies included and not included
in the meta-analysis. However, their inclusion would have strengthened
the analysis by allowing for a more comprehensive review. Finally, we
were unable to identify potential moderators of anxiety in youth with
asthma. Itis possible that there are some individual factors that increase
the rate of anxiety in youth with asthma such as parental anxiety,*®
smoking status of the parent of child,*® obesity,*” or asthma control.*®
Unfortunately, these factors were not measured with sufficient
frequency to allow their use as moderator variables, but future research
investigating asthma and anxiety should also measure these factors to

try and understand the associations more clearly.

The above limitations, notwithstanding the results of this meta-
analysis, provide important insights into anxiety in youth with asthma. It is
the first review to determine a pooled anxiety disorder prevalence rate and
confirm the increased rate of both diagnosed anxiety and anxiety
symptomatology in a sample of youth with asthma, under the age of 18.
Moreover, we confirmed the prevalence of a range of specific anxiety
disorders, thus expanding our understanding of anxiety in this population.
Future research needs to focus on the gaps that still exist, such as the factors
that mediate or predict the development and maintenance of anxiety in
youth with asthma, the causal relationship between the comorbidity, and

the development of clinically efficacious treatments.
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