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Abstract

It remains unclear whether anxiety and depressive symptoms are more prevalent in
adolescents with asthma when compared with healthy individuals. This meta-analysis
aimed to evaluate the difference in the aggregate prevalence of depressive and anxi-
ety symptoms between adolescents with asthma and healthy controls and to explore
the underlying moderators that potentially explain the heterogeneity of the effect
size. A meta-analysis of published work was performed using the random effects
model. The differences in aggregate prevalence of depressive and anxiety symptoms
between adolescents with asthma and healthy controls were determined. Meta-
regression and subgroup analysis were performed to identify factors that may con-
tribute to heterogeneity. A total of eight studies were eligible for analysis. The
aggregate prevalence of depressive and anxiety symptoms was significantly higher
among 3546 adolescents with asthma than that of 24,884 controls (depression, 0.27;
95% CI, 0.18.6-0.39 vs. 0.13; 95% CI, 0.09-0.19; anxiety, 0.33; 95% CI, 0.19-0.52
vs. 0.21; 95% CI, 0.12-0.33). The risk of developing depression and anxiety is signif-
icantly higher among adolescents with asthma when compared with controls
(depression: pooled odds ratio, 2.09; 95% CI, 1.65-2.64; p < 0.001; anxiety: pooled
odds ratio, 1.83; 95% CI, 1.63-2.07; p < 0.001). Meta-regression revealed that the
proportions of Caucasian (p = 0.008) and smokers (p < 0.001) were significant
moderators which explained the significant heterogeneity when comparing the risk
of developing depressive symptoms among adolescent asthma patients vs. controls
while age, gender, and severity of asthma were not significant. Family doctors, pedi-
atricians, and healthcare providers should formulate strategies to detect depressive
and anxiety symptoms in adolescents with asthma and offer psychological interven-
tions to reduce the burden of psychiatric comorbidity.

Asthma is a global public health problem because of its the relationship between psychological distress and

increasing prevalence especially in children (1) and its sub-
stantial morbidity and mortality (2, 3). As a leading cause
of disease burden, the World Health Organization has esti-
mated that 15 million disability-adjusted life years are lost
annually because of asthma, representing 1% of the total
global disease burden (4). The increased prevalence and
severity of asthma amidst the background of increasing
mental health problems in adolescents call for research into
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asthma (5).

Clinical and population-based studies reported that young
people with asthma are at increased risk of comorbid anxiety
and depressive symptoms (6-9). The comorbidity of an anxi-
ety or depressive symptoms is associated with adverse out-
comes including poor control of asthma symptoms, poorer
quality of life, and increased healthcare utilization even after
controlling for the severity of asthma (10, 11). However, a
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recent qualitative review concluded that the correlation
between asthma and psychological comorbidity is yet to be
well understood (12). In addition, it remains unclear whether
anxiety and depressive symptoms are more prevalent in
patients with asthma when compared with healthy individu-
als. Mcquaid et al. (13) conducted a meta-analytic review of
the behavioral adjustment of children with asthma using the
data of nearly 5000 children from 26 studies. They demon-
strated a modest but consistent association between behav-
ioral difficulties and asthma, with the effect of internalizing
behaviors (e.g. anxious and depressive symptoms) being
greater than that of externalizing behaviors (e.g. oppositional
or hyperactive symptoms). Increased asthma severity was
shown to be associated with higher risk of behavioral difficul-
ties. However, this review was mainly based on the analysis
of data on young children with the mean age of 8.4 yr, and
only two studies (14, 15) included in this meta-analysis specif-
ically addressed behavioral problems in adolescents. As more
studies (6, 16-20) have recently been published, an updated
meta-analysis is required to establish the aggravate preva-
lence of anxiety and depressive symptoms in adolescents with
asthma and to determine whether there is a significant risk of
depressive and anxiety symptoms in adolescents with asthma
when compared with healthy controls.

Before planning treatment provision targeting at these two
conditions, it is necessary to estimate the aggregate preva-
lence of depressive and anxiety symptoms in adolescents with
asthma accurately. This study systematically combines studies
on the comorbidities of depressive and anxiety symptoms in
adolescents with asthma vs. healthy controls using random
effects meta-analysis following the Meta-Analyses and Sys-
tematic Reviews of Observational Studies (MOOSE) guide-
lines (21) to generate an effect size for an aim to identify (i)
the aggregate prevalence of and its difference in depressive
and anxiety symptoms between adolescent asthma patients
and healthy adolescents and (ii), the moderators accounting
for the potential heterogeneity when comparing the risk of
developing depressive and anxiety symptoms among adoles-
cents with asthma vs. controls.

Materials and methods
Search strategy

We performed an extensive literature search using the key-
words ‘psych*’, ‘depress*’, ‘anxiety’, ‘behaviour’, ‘asthma’,
‘pediatric’, ‘children’, ‘adolescent’, and ‘youth’ in various
combinations to identify case—control studies published in
English from different computerized databases: PubMed
(from 1966 to November 2011), Embase (from 1980 to
November 2011), PsychINFO (from 1806 to November
2011), BIOSIS (from 1926 to November 2011), Science
Direct (from 2006 to November 2011), and Cochrane
CENTRAL (from 1993 to November 2011). We also
searched articles from the bibliographies of the retrieved
studies and review articles. The corresponding authors were
contacted for information that was lacking in their
published articles.
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Criteria for selecting articles

All observational case—control studies addressing the differ-
ence in depressive or anxiety symptoms between adolescent
asthma patients and healthy controls were included. Studies
were included if they met the following criteria: (i) conduc-
tion of human studies involving adolescents (i.e. those per-
sons between 13 and 18 yr of age) with asthma and healthy
controls; (ii) identification of clinically relevant depressive or
anxiety symptoms; (iii) having a sample size of at least 50
subjects. We included both cross-sectional and the first round
data collection of prospective studies. Two investigators (YL
and RCMH) independently assessed the manuscripts gener-
ated for relevancy and manuscripts with the following criteria
were excluded: (i) comparisons were not made between
asthma patients and healthy controls; (ii) a standardized
effect size could not be calculated. As this meta-analysis
mainly involved data from published studies, an institutional
review board approval was not required.

Data abstraction

All articles were first de-identified (blinded title, author(s),
journal name, and year of publication) before selection. The
abstracts of the studies were independently reviewed by two
of the authors (YL and RCMH). Data were independently
extracted into a standard electronic form. Any discrepancies
were resolved by consensus. If consensus could not be
reached, the only principal investigator (RCMH) would make
the final decision for study eligibility and data extraction.

Statistical analyses

All statistical analyses in this meta-analysis were performed
using the Comprehensive Meta-analysis Programme, version
2 (Biostat, Englewood, NJ, USA). The figures were prepared
using R (22). To normalize the distribution of the effect sizes,
the prevalence was transformed by taking the logit of the
event rates. After the meta-analysis, the effect sizes were con-
verted back into aggregate prevalence for the ease of inter-
pretation. Because prevalence of depressive and anxiety
symptoms of adolescents with asthma and the healthy control
groups was available for all studies, the log odds ratio
between the asthma and the control groups were calculated
in comparing the prevalence between the asthma and the
control groups. Random effects meta-analysis was conducted
to test whether the aggregate prevalence of depressive and
anxiety symptoms was the same in these two groups.
Heterogeneity was evaluated by the Cochran Q-test. As
the number of studies of this meta-analysis may be limited,
the Cochran Q-test for heterogeneity may yield a low statisti-
cal power (23). A value of significance at 10% (p < 0.1) was
therefore considered statistically significant for heterogeneity
(24). Meanwhile, we assessed heterogeneity with I°, which
can be defined as the percentage of total variation of all stud-
ies caused by heterogeneity rather than change. High values
of P suggest increased heterogeneity. For models with con-
siderable heterogeneity and statistically significant effect size,
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meta-regression was performed to identify demographic and
disease-related factors (age, gender, ethnicity, smoking status,
and severity of asthma) that might contribute to the hetero-
geneity (25). Because the covariates chosen were not expected
to explain all the heterogeneity of the studies, mixed-model
meta-regression was used in considering the presence of
‘residual heterogeneity’ (25). The regression coefficients and
the associated standard error (s.e.), the z-score, degree of
freedom (df), and p-values were reported for the meta-regres-
sion analysis. Publication bias was evaluated with Egger’s test
in our analysis.

Results

Seven hundred and sixty-six abstracts were initially identified
through database searches. We excluded 741 articles because
they did not meet the inclusion criteria. In the remaining 25
articles, nine studies failed to have a healthy control group
with a sample size of at least 50; four studies lacked stan-
dardized assessment of depressive or anxiety symptoms; two
studies had the same data with other studies, which were
already included; two studies did not provide sufficient infor-
mation to calculate an effect size. The selection process was
summarized in Fig. 1. Finally, we included eight articles (6,
16-20, 26, 27) in our analysis, and the studies were mainly
conducted in Western countries (Table 1). In these eight stud-
ies, 3546 patients and 24,884 controls were involved.

Aggregate prevalence and pooled odds ratio of depressive
symptoms in adolescents with asthma vs. healthy controls

The aggregate prevalence of depressive symptoms among ado-
lescents with and without asthma using the random effects
model was 0.27 (95% CI, 0.18.6-0.39) and 0.13 (95% CI, 0.09—
0.19), respectively (Fig. 2a,b). The risk of developing depressive
symptoms was significantly higher in patients with asthma than
that of the controls (OR = 2.09; 95% CI, 1.65-2.64;
Z = 6.154; p < 0.001). Fig. 3a shows the forest plot generated
for the asthma and the control groups from the studies. Statisti-
cally significant heterogeneity (7> = 0.068, Q-value = 30.0,
df = 7,p < 0.001, P = 76.7) was present when calculating the
OR. Mixed-model meta-regression was conducted to explore
the impact of our a priori sources of heterogeneity (demographic
and disease-related factors including age, gender, ethnicity,
smoking status, and severity of asthma) in all studies. Results
showed that the mean age (B = —-1.444, z = —-0.826,
p = 0.409) and the proportion of female (B = —3.850,
z = —1.815, p = 0.0609) of all subjects and the severity of
asthma (B = -0.030, z = -0.053, p = 0.958) of asthma
patients were nonsignificant moderators (Table 2). However,
proportions of Caucasian (B = 0.746, z = 2.665, p = 0.008)
and smokers (B = 0.875, z = 4.383, p < 0.001) in the sample
were significant moderators for heterogeneity (Table 2).

We also tested for the presence of publication biases using
funnel plots and Egger’s regression test (28). No significant
publication bias was detected (intercept = 1.29; s.e. = 1.38;
95% CI, -2.08 to 4.66; ¢ = 0.94; df = 6, p = 0.384) of all
studies.
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Aggregate prevalence and pooled odds ratio of anxiety symp-
toms in adolescents with asthma vs. healthy controls

The aggregate prevalence of anxiety symptoms among the
asthma patients and normal controls was 0.33 (95% CI, 0.19—
0.52) and 0.21 (95% CI, 0.12-0.33), respectively (Fig. 2c,d).
Three studies were not used in synthesizing the effect size of the
aggregate prevalence of anxiety symptoms as they did not
report data on anxiety symptoms (16, 20, 27) (Table 1). The
risk of developing anxiety symptoms was significantly higher in
asthma patients compared with the healthy controls
(OR = 1.83;95% CI, 1.63-2.07; Z = 9.876;p < 0.001; Fig. 3
b). No significant heterogeneity (:> = 0.000, Q-value = 3.3,
df = 7, p = 0.517, P = 0.0) and no publication bias (inter-
cept = —11.25; s.e. = 10.26; 95% CI, —-43.89 to 21.39;
t = 1.10;df = 3;p = 0.353) were detected in all studies.

Discussion

Higher prevalence of depressive symptoms among adolescents
with asthma

This study to our knowledge is the first meta-analysis aiming
to estimate the aggregate prevalence of depressive and anxiety
symptoms in adolescents with asthma compared with healthy
controls. The aggregate prevalence of depressive symptoms in
adolescents with asthma was 27.0%, suggesting that at least
one in four adolescents with asthma may experience depressive
symptoms. The aggregate prevalence of depressive symptoms
was twice as high in adolescents with asthma as those without
asthma. These findings suggest that asthma is a risk factor for
depressive symptoms in adolescents and this is hardly surpris-
ing, as asthma affects daily functions that would require physi-
cal activity such as ambulation, mobility and school activities
and psychosocial functioning (10). Previous studies have
clearly demonstrated the impact of asthma on quality of life;
thus, the increased prevalence of depressive symptoms in peo-
ple with asthma is expected.

Our meta-regression demonstrated that proportions of Cau-
casian and smokers significantly increased the heterogeneity,
whereas age, gender, and severity of asthma did not. Smoking
has long been considered a risk factor for anxiety and depres-
sive symptoms (29-31). Higher likelihood of frequent noctur-
nal coughing and breathing problems in smokers was reported
in adolescent studies (32, 33). In Korean (34) and Hong Kong
(32) adolescents, higher odds of having exercise-induced bron-
chospasm were reported. In a 2-yr longitudinal study, respira-
tory problems such as bronchitis and pneumonia in
adolescents were found to be associated with higher smoking
prevalence and average daily cigarette consumption (35). These
findings were supported by demonstrating poorer lung func-
tions as indicated by reduced forced expiratory volume in 1 s
(FEV)) and forced inspiratory flow 25-75% (FEF,5 750,) (36)
and exhaled nitric oxide levels (37) in adolescent smokers. In
addition, nocturnal asthma symptoms, which are prevalent
among smokers, are associated with poor sleep quality and
impaired quality of life, as well as higher prevalence of anxiety
and depressive symptoms (32, 38, 39). Moore et al. (40) found
that night-time awakenings in children can significantly affect
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766 citations identified using search strategy.

741 citations irrelevant or failure to meet
inclusion criteria excluded:

elrrelevant to asthma: 282 studies.

* Not focused on anxiety/depressive
symptoms-asthma association: 276 studies.
eReview: 22 studies.

A 4

eCase report: two studies.

eAge range beyond 12-18 yrs: 117 studies.
*On psychological intervention: 27 studies.
*On subtypes of asthma or comparison of

asthma with other diseases: 15 studies.

25 articles selected for assessment against the
inclusion and exclusion criteria or screening for
additional potentially relevant citations.

A 4

A

17 articles excluded:

*Without a proper control group: nine studies.
e Without standardized assessment of
depressive or anxiety symptoms: four studies.
eInsufficient information to calculate a
standardized effect size: two studies.

eData duplicate selected studies: two studies.

Eight articles included in the current analysis.

Figure 1 Flowchart describing the process of study selection.

daytime functioning among children and their parents, includ-
ing daytime sleepiness, increased behavior problems, decreased
neurocognitive functioning, and family stress. An exploratory
study indicated that sleep disturbances in children with noctur-
nal asthma may affect cognitive functioning as well as mood
and behavior (39). Although the National Heart Lung and
Blood Institute (NHLBI) recommends that persons with
asthma should not smoke or be exposed to tobacco smoke in
their environment, studies have found that the prevalence of
smoking among those with asthma is the same as of those with-
out asthma (41-43) or in some instances higher (26, 44, 45).
The higher prevalence of smoking can be explained by the self-
medication hypothesis (46), which describes the use of tobacco,
drugs, or other self-soothing forms of behavior to treat
untreated and often undiagnosed mental distress, stress, and
anxiety (47-49). This is often seen as a struggle to gain personal
independence from conventional medical treatment (50). Spe-
cifically, smoking may function as a compensatory means to
modulate effects and treat distressful psychological states,
whereby individuals with asthma may choose it to manage
their depressive and anxiety symptoms and help them achieve
emotional stability (51, 52). As a potential confounder, stress-
ful life events encountered by adolescents can independently
affect the course of asthma while adolescents with asthma tend
to cope with stressful life events by smoking (53).

Consistent with other multi-ethnicity reports (54-56), our
analysis revealed the variability of prevalence of depressive
symptoms in different ethnicities. Higher rates of depressive
symptoms among Caucasians may reflect a tendency of them
to express psychological distress compared with other ethnici-
ties (56). Furthermore, Caucasians generally tend to have
higher socioeconomic status and more knowledge on psycho-
logical status and availability and accessibility of mental
health services utilization such as insurance, time, and trans-
portation compared with the ethnic minorities (57-59).

From our meta-regression analysis, severity of asthma was
not a significant moderator in explaining the heterogeneity of
calculating the OR of depressive symptoms among adoles-
cents with asthma vs. controls. This is consistent with studies
indicating that anxiety and depressive symptoms in asthma
patients may be independent of the severity of asthma (48,
60). It may be the presence of asthma, but not the severity of
the disease, which is associated with the comorbidities of psy-
chological distress.

Higher prevalence of anxiety symptoms among adolescents
with asthma

In this meta-analysis, it is noticeable that the adolescents with
asthma have higher risk (OR = 1.83) to develop anxiety

© 2012 John Wiley & Sons A/S
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anxiety symptoms in adolescents with asthma
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(d) Forest plot of the aggregate prevalence of
anxiety symptoms in healthy adolescents
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Figure 2 Forest plots of the aggregate prevalence of depressive and anxiety symptoms in adolescents with asthma and healthy controls.
Forest plot of the aggregate prevalence of (a) depressive symptoms in adolescents with asthma, (b) depressive symptoms in healthy adoles-
cents, (c) anxiety symptoms in adolescents with asthma and (d) anxiety symptoms in healthy adolescents.
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(b) Forest plot of the pooled odd ratio of anxiety symptoms
in adolescents with and without asthma

Figure 3 Forest plot of the pooled odd ratio of depressive and anxiety symptoms in adolescents with asthma vs. healthy controls. Forest
plot of the pooled odd ratio of (a) depressive symptoms and (b) anxiety symptoms in adolescents with and without asthma.

symptoms and this finding is congruent with previous studies

(61-63).

Several theories have been proposed to explain the ele-
vated risk of anxiety symptoms especially panic disorder
among asthma patients. The cognitive theory suggests that

the unpredictable and longitudinal experience with asthma
attacks may generate fearful or catastrophic beliefs which
provoke panic attacks and anticipatory anxiety (50, 64). The
biologic and behavioral theories suggest that repetitive expe-
rience with hypoxia and hypercapnia in asthma attack may

© 2012 John Wiley & Sons A/S
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Table 2 Meta-regression analysis of potential moderators to explain heterogeneity of prevalence of depressive symptoms

2

Factor Regression coefficient (s.e.) Z-score T df p

Mean age, yrs —1.444 (1.748) -0.826 0.000 2 0.409
Female, % -3.850 (2.121) —-0.053 0.005 5 0.958
Caucasian, % 0.746 (0.280) 2.665 0.026 3 0.008
Severe asthma, % —0.030 (0.563) —0.053 0.124 1 0.958
Smokers, % 0.875 (0.200) 4.383 0.000 1 <0.001

sensitize the amygdala and locus coeruleus and leads to over-
reaction to subsequent episodes of asthma attacks as a result
of classical conditioning by pairing conditioned stimuli (i.e.
sensation of breathlessness) and conditioned response (i.e.
fear and anxiety) (50, 51). Children with anxiety disorders
were found to report more somatic symptom during inhala-
tion of COs,-enriched air compared with children without
anxiety disorder (4, 52). Furthermore, anxiety and fear also
cause changes in airway tone and precipitate an asthma
attack (65).

The impact of depressive and anxiety symptoms in patients
with asthma is an important research area as it may be
related to disease control and prognosis (66). Alexander et al.
and Weingarten et al. measured the effect of relaxation ther-
apy on peak expiratory flow of asthmatic children and found
effects favoring the treatment group compared with the con-
trol group (67, 68). Brown et al. (69) performed a random-
ized controlled trial by comparing the effects of citalopram, a
selective serotonin reuptake inhibitor and placebo in asthma
patients with depressive symptoms, and found that antide-
pressant-treated patients required fewer oral corticosteroids
than the placebo group. Furthermore, there is a lack of stud-
ies to draw conclusions regarding the utility of psychological
approaches for improving asthma-related outcome. There is
still a considerable need for good quality prospective studies
to continue investigation into the causality and temporal rela-
tionship between asthma and depressive and anxiety symp-
toms and response to treatment.

The strength of this meta-analysis includes meta-regression
and subgroup effect size analyses. Majority of the studies
(seven of eight) involved asthma patients from communities
with relatively large sample size or population-based study
design, and this reflected the true prevalence in primary care
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