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Abstract

Objectives: Psychological comorbidities have been associated with asthma in adults and
children, but have not been studied in a population of children with severe asthma. The aim of this
study was to test the hypothesis that symptoms of anxiety or depression are highly prevalent in
pediatric severe asthma and negatively effects asthma control.

Methods: Longitudinal assessments of anxiety or depression symptoms (Patient Health
Questionnaire-4 (PHQ-4)), asthma control (Asthma Control Test (ACT)) and lung function were
performed in a single-center pediatric severe asthma clinic. Participant data were collected during
routine clinical care. Primary outcomes were ACT and forced expiratory volume in 1 second per
forced vital capacity (FEV1/FVC).

Results: Among 43 subjects (with total 93 observations), 58.1% reported at least 1 anxious or
depressive symptom and 18.6% had a PHQ-4>2, the threshold for an abnormal test result. After
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adjusting for age, sex, race, and asthma medication step, there was a significant reduction in ACT
for girls with PHQ-4>2 (adjusted mean (se) ACT for PHQ-4>2: 13.64 (0.59), ACT for PHQ-4<2:
20.64 (1.25), p=0.02) but not boys. Moreover, there was a significant differential effect of mental
health impairment for girls than boys. ACT for girls with PHQ>2: 13.64 (0.59) compared to boys
with PHQ-4>2: 17.82 (0.95), adjusted mean difference ACT by sex = 4.18 points; 95% CI: 0.63,
7.73; p=0.033. In adjusted models, there was no association between PHQ-4>2 and FEV1/FVC.

Conclusions: Symptoms of anxiety and depression are common. In children with severe asthma,
a PHQ-4 score >2 is associated with worse asthma symptom control in girls, but not boys.

Keywords
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control

Introduction

Asthma is the most common chronic respiratory condition in pediatric patients affecting
approximately 9% of U.S childrenl. Severe asthma represents only 5-10% of the asthmatic
population, but results in significantly higher morbidity and has a disproportionate burden on
health care resources with asthma costs per patient being five times higher for patients with
severe asthma compared to patients with mild to moderate asthma23. Comorbid conditions
are common in children with severe asthma providing additional challenges to disease
control. It is well known that mental health issues in chronic diseases have a strong
bidirectional relationship with disease control*°. The presence of psychiatric comorbidity in
general pediatric asthma cohorts has been shown to increase symptom severity, reduce
asthma control, lower quality of life and lower medication adherence,® possibly mediated by
heightened perception of respiratory symptoms’; however there are few data assessing
anxiety and depression in children with severe asthma®8°. While evaluation of mental health
comorbidities is highly recommended in the assessment of children with severe asthmal9-11,
there is little data specific to mental health comorbidities in the pediatric severe asthma
population. Therefore, we aimed to determine the prevalence and character of mental health
issues in pediatric severe asthma and its relationship to asthma control. We hypothesized that
symptoms of anxiety and depression would be highly prevalent in our multidisciplinary
pediatric severe asthma program and associated with poor asthma control and lung function.

Materials and Methods

Design

We performed a prospective quality improvement project to evaluate the prevalence of
anxiety and depressive symptoms among patients attending the Boston Children’s Hospital
multidisciplinary severe asthma clinic and their association with asthma control and lung
function. All patients attending the Severe Asthma Program at Boston Children’s Hospital
from March 2017 to December 2019 were encouraged to complete a four-question Patient
Health Questionnaire (PHQ-4, Figure S-1)12 and the ACT13 or cACT4 as part of their
clinical care. These were performed as part of the routine clinical patient assessment at each
clinical encounter, both initial consultation and each follow-up visit.
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The Boston Children’s Hospital severe asthma program is a multidisciplinary program with
a pediatric pulmonologist, pediatric allergist/immunologist, pediatric pulmonary nurse/
asthma educator, and licensed social worker involved in the care of each patient with
subspecialty consultants from otorhinolaryngology, gastroenterology and endocrinology, as
needed. Patients are accepted to the clinic by referral from either a pediatric asthma
specialist (allergist or pulmonologist) or pediatric intensivist after life-threatening asthma
exacerbation, ensuring that the patient population is sufficiently difficult to manage or at-risk
for severe asthma morbidity. The severe asthma program maintains an investigational review
board (IRB)-approved clinical registry for patient characteristics, interventions and
outcomes, for which all subjects in this study provided informed consent and assent for
children 6 years of age and older. This study was approved by the Boston Children’s
Hospital IRB. For the purpose of this analysis patients were included if they were age 4
years and older to ensure ability to measure asthma control by the validated childhood
asthma control test (CACT)1415,

The PHQ-4 was used to assess symptoms of anxiety and depression. The PHQ-4 is a 4-item
assessment that asks patients to rank, over the last two weeks, how often they have
experienced specific symptoms of anxiety or depression with responses collected on a 4-
point scale (see Figure S-1). The first two items are drawn from the ‘Generalized Anxiety
Disorder—7 scale’ (GAD-7)16 and the second two items are drawn from the ‘Patient Health
Questionnaire-8’ (PHQ-8)12, both self-administered validated population-based tools to
identify anxiety and depression, respectively. A total score greater than 2 indicates at least
mild impairment. The purpose of the PHQ-4 is to briefly and accurately assess patients for
symptoms of depression and anxiety and prompt further assessment, if indicated. The
PHQ-4 is validated down to 8 years of age; a small number of participants in our cohort
were younger than this cutoff.

The primary outcome measures were the ACT or ¢-ACT, depending on age, and the ratio of
forced expiratory volume in 1 second divided by the forced vital capacity (FEV1/FVC), the
most sensitive marker of airflow obstruction in childhood asthmal’. The ACT and the cACT
were self-administered at the beginning of the clinical encounter. As with the PHQ-4,
patients were instructed to self-report but may have had assistance from a parent. The ACT
is comprised of five questions that ask patients to report on a 5-point scale, from the
previous four weeks, how their asthma has hindered their activity level; induced shortness of
breath; provoked nighttime awakenings; required the use of rescue medication; and from
their own perception, has been controlled. The ACT can generate a potential score between
5 and 2513, The cACT assesses similar domains across 7 questions and generates scores
ranging 0-2714. For both assessments, a score of greater than 19 indicates “well-controlled”
asthma. Spirometry was performed according to standard guidelines'8 on a rolling seal
spirometer (Morgan Scientific, Hanover, MA, USA) and reviewed for quality. The global
lung initiativel® predicted models were used to calculate percent predicted values for FEV1,
FVC, and forced expiratory flow between the 25"-75M percentile (FEF25-75). FEV1/FVC
was calculated from the best effort of each value and multiplied by 100 to generate a
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percentage for reporting. Demographic data was collected from the medical record for use in
the asthma registry. Asthma medication step was determined from the patients active
medication list at the time of each encounter and coded into step category to conform with
current NHLBI categorizations?0. In cases where the medications seemed to exceed one step
but not achieve the next, for example a patient on medium dose inhaled corticosteroid/
LABA combination, but also two other controller medications such as LAMA and LTRA,
were considered in between step 3 and 4 and were given a numerical value of step 3.5 for
use in analytic models.

Statistical Methods

Results

Patient characteristics at the initial clinical encounter, and exposure/outcome measures
across all observations, were summarized with descriptive statistics (count and percentage
for categorical variables, mean with standard deviation for normally distributed continuous
variables, and median with 1QR for skewed continuous variables). Differences in PHQ-4
score by sex and age (dichotomized at 11 years to match the age cutoff between the cACT
and ACT, the primary outcome) were assessed with Wilcoxon rank sum tests. All modeled
statistical analyses included all available observations. To assess the association of PHQ-4
score > 2 with ACT score and PFT measures, we fit a generalized linear mixed model with a
random effect for subject, compound symmetry covariance structure, and robust standard
errors to correct for dependence among repeated observations. The interactions of PHQ-4
with age and sex were planned a priori and retained in the model if p<0.2 to maximize
power?l, All models were adjusted for sex, age, race (dichotomized as white vs. non-white
due to small numbers), and NHLBI asthma medication step based on a priori assumptions
from the asthma literature. FEV1/FVC ratios were scaled by 100%. A sensitivity analysis
was performed in the sample limited to those observations in subjects 8 years old and older,
the validated age cutoff for the PHQ-4 assessment tool. Results were considered
significantly associated with outcome if p-values <0.05. SAS 9.4 (SAS Institute, Cary NC)
was used in this analysis.

Over the study period, complete data was collected for a total of 93 clinical encounters
(observations) from 43 individual patients. All participants contributed at least one
observation, 9 completed two observations; 5 completed three observations; 6 completed
four observations; 2 completed five observations; and 1 completed six observations. Table 1
depicts subject characteristics of the cohort. The average participant age was 11.7 (+ 4.2)
years old and two thirds of the participants were male. The median NHLBI medication step
was 5.5 (interquartile range (IQR) 4.5, 6.0), consistent with the diagnosis of severe
asthma{Chung, 2014 #146} in the cohort. Overall, 58% of the participants had at least one
symptom of anxiety and depression and 8 (18.6%) had PHQ-4>2. Across all observations,
the median PHQ-4 score was 1 (IQR 0, 2), with 52.7% of observations reporting at least one
symptom of anxiety or depression and 23% of observations meeting criteria for at least mild
impairment with a PHQ score >2.
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Bivariate analysis of the continuous PHQ-4 and ACT scores demonstrated a moderate
inverse correlation (Spearman correlation coefficient: r = —0.41, p<0.0001). After adjusting
for age, sex, race, and medication step, we found significant sex differences between having
a positive PHQ4 (PHQ-4 score >2) and ACT (Figure 1, Table 2). Mean ACT for girls with
PHQ4 > 2 was 7 points lower relative to females with PHQ4 < 2 (95% Cl: -10.88, —3.12),
which was significant (p=0.01), whereas, there was no significant difference in the mean
ACT for boys with positive PHQ-4 scores than boys with PHQ-4<2 (p = 0.84). Furthermore,
there was a significant difference between boys and girls with positive scores, such that the
mean ACT for boys with PHQ4 > 2 was 4.18 points higher relative to girls with PHQ4 > 2
(95% CI: 0.63, 7.73, p=0.03). There was no significant difference between ACT scores for
boys and girls with PHQ4<2 (p = 0.18). Importantly, there was no sex difference in the
distribution of ACTSs scores, suggesting that these findings were not due to overall
differences in ACT between sexes.

There was no association between having a positive PHQ-4 score and the primary
spirometry outcome, FEV1/FVC, or FVC and FEF25-75% predicted (supplemental Table
S-1). Surprisingly, there was a significant positive association with FEV1% predicted and
PHQ-4>2 in adjusted models (supplemental Table S-1). None of the spirometry results
demonstrated significant sex interactions.

A sensitivity analysis of the relationship between PHQ-4>2 and ACT restricted to children
age 8 years and older confirmed the main analysis findings (supplemental Table S-2).

Discussion

Mental health impairment, particularly anxiety and depression, have been associated with
poor asthma control?2, but little is known about its prevalence and contribution to morbidity
within the pediatric severe asthma population. Utilizing the brief PHQ-4 inventory for
screening anxiety and depression in our pediatric severe asthma clinical cohort we found
more than half of the patients reported at least one symptom of anxiety or depression and
almost a quarter of the sample met clinically relevant criteria for at least mild mental health
impairment.

We report the novel finding that among children with pediatric severe asthma, there is a sex
difference in the relationship between mental health impairment, determined by a positive
PHQ-4 score (>2) with perceived asthma control. We demonstrate a clinically meaningful
significant reduction in girls reported ACT scores who had concurrent PHQ-4>2 compared
to girls with PHQ-4 scores <2 and compared to boys with either high or low scores. Among
boys, PHQ-4 score was not associated with any differences in ACT score.

Previous studies have identified the relationship between asthma and anxiety or depression
leading to recommendations in national and international guidelines to consider comorbid
mental health impairment in difficult asthma22-25. On the whole, the findings have been
consistent that children with asthma have a higher prevalence of anxiety and depression
compared to non-asthmatic control groups?4-27, and anxiety and depression may be more
prevalent the greater the asthma severity rating. A recent study by Montalbano and
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colleagues® demonstrated that quality of life impairment and internalizing behavioral
problems, especially the subscale including symptoms of anxiety and depressive symptoms,
are more common in children with severe asthma than non-severe asthma. Notably, there
was no sex differences identified in that cohort. There are several important findings
highlighted by our study that address knowledge gaps in the understanding of mental health
effects in children with severe asthma. First, few studies have included substantial numbers
of patients with severe asthma. Here we evaluate the relationship between a self-reported
measure of asthma control and lung function with mental health exclusively in pediatric
patients with severe asthma. Our study design uses a repeated-measures analysis in order to
capture a more dynamic profile of the relationship than cross-sectional measures. We also
use patient reported symptoms that may vary between evaluations rather than static
diagnoses. We demonstrate the quantitative relationship between symptoms of anxiety and
depression and gradations of reported asthma control. We extend the findings of Richardson,
et al. who identified increased asthma symptom reporting corresponding to increased anxiety
or depressive symptoms in a general population of adolescents28 and more recently, Shams,
et al, in black adolescents??, to a population of children with severe asthma, a group known
to consume substantial healthcare resources.

Second, while evaluating mental health in patients with asthma has been identified as an
important assessment step, there is little guidance on how to do s03°. The bulk of the
research to identify anxiety, depression or other internalizing and externalizing behaviors
utilize exhaustive inventories ideal for use as research tools, but difficult to utilize in routine
medical visits. Within our cohort we were able to capture clinically relevant information on
mental health in a 4-question survey, easily administered in busy clinical practice, highly
associated with an important health outcome.

Third, we found a significant interaction between female sex and asthma control, such that
the overall association between mental health impairment and worse asthma control was
significantly greater than the boys. Katon, et al. described female gender as an independent
risk factor for the association of mood disorders and asthma diagnosis in adolescents?4.
Here, we extend these findings to include younger children with severe asthma with scaled
tools to identify degree of mood disorder impairment and asthma control. Further, we
demonstrate an interaction of sex and mood-asthma relationship that highlights the gender
differences across severities of anxiety or depression and asthma control. However, this sex-
specific finding was not found in a large meta-analysis including 3546 adolescents with
asthma and 24,884 controls3!, suggesting this finding requires further validation. While a
recent study highlighted the hormonal basis for potential differences in lung function and
asthma control in adolescents with severe asthma32, the mechanism by which these gender
specific biochemical traits may influence the mental health-asthma morbidity relationship is
still unclear. In our analysis, we specifically evaluated whether the association may have
been a result of girls having lower ACT scores than boys, in general, but found no evidence
to support a gender difference in the outcome measure.

One of the most surprising findings from this analysis was the marked discrepancy between
the association of anxiety and depressive symptoms on asthma control measured by the
asthma control test, a subjective measure of asthma impairment, with concordant lung
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function measures — an objective measure of asthma impairment — obtained at the same
clinic visit. We found no relationship with airflow obstruction (FEV1/FVC), and an
unexpected positive association with high PHQ-4 scores and FEV1 % predicted. Few adult
studies, and no pediatric studies to our knowledge, have assessed lung function in the asthma
— mood disorders relationship, with mixed findings33-34. There are several possibilities for
the divergence of symptoms and lung function in our study. We believe this most likely
highlights the influence of anxiety and depression on the perception of asthma control.
Asthmatic patients with anxiety and depression are known to have higher rates of emergency
department visits and care utilization3. Additionally, children and adults with anxiety are
known to have altered perception of shortness of breath and higher degree of symptom
reporting38. However, the bidirectional nature of the relationship is inherently present and
difficult to disentangle, each condition exacerbating the other3’. A recent qualitative analysis
of the interaction between anxiety and asthma, Pateraki, Vance and Morris, describe three
potential mechanisms contributing to the co-morbid conditions: asthma triggering unhelpful
thinking and behavior that raises anxiety; anxiety impairing self-care and triggering
hyperventilation; and both leading to self-perpetuating feedback cycles and symptom
confusion38. Alternatively, phenotypic research in asthma highlights the multiple domains of
asthma presentation and treatment responses with varying emphasis on lung function
abnormalities, symptoms, inflammatory biomarkers and exacerbations3940, Acknowledging
these domains raises the possibility that those with symptom-dominant asthma are at higher
risk of anxiety or depression. Further investigation to the manner in which mental health
impairment may affect specific asthma outcome measures should be the focus of future
research. However, it is important to recognize that it is the symptoms of asthma that are
most burdensome to patients and drive resource utilization for asthma. Regardless of the
nature of the asthma-mental health relationship, several studies suggest that addressing the
mental health impairment can be effective in minimizing the mental health burden and
improving asthma outcomes, with most evidence supporting directed cognitive behavioral
therapy38:41:42_ In high risk asthma populations, such as ours, patients’ mental health could
improve if they are given access to mental health resources such as social workers,
psychologists or therapists. Currently, we refer any child with a PHQ-4 >2 for formal mental
health assessment.

We acknowledge that the PHQ-4 survey has limitations as an assessment tool and is not the
gold standard for diagnosing anxiety or depression in clinical practice. Furthermore, some of
our patients may have had formal diagnoses of anxiety or depression and scored low on the
PHQ-4 due to successful treatment. With this in mind, the intention of this study was to
evaluate the relationship of the symptoms of anxiety and depression with those of asthma
control and lung function, which does not depend on the static designation of a mental
health diagnosis. In fact, using this brief symptom-based assessment allows us to capture the
variability of the symptoms and outcomes across several different time points. As with any
study assessing sensitive information, mental health stigmatization may have introduced a
reporting bias; patients or their guardians may have inaccurately reported the severity of
their mental health impairment. Additionally, we used the PHQ-4 in some patients who were
younger than the validation parameters. Whether it is as reflective of mental health
conditions in children under 8 years old is unknown. The potential bias this might introduce
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is likely to be minimal as the questions are approachable to children of all ages and within
our analyses we did not find age to function as either a major confounder or a modifier of
the relationship between PHQ-4 and asthma outcomes. Further, our sensitivity analysis
restricted to subjects 8 years and older demonstrated similar findings to the cohort as a
whole. We acknowledge that this data was collected as part of clinical care and may lack
some of the rigor of prospective epidemiologic clinical research, but does represent a real-
world finding and clinically relevant information that is able to be collected as part of
routine care. This research was specifically targeted to a high-risk cohort that was highly
selected and relatively small in number which may limit its applicability to patients beyond
those identified with severe asthma outside of this referral population.

There is a high rate of mental health impairment among pediatric patients with severe
asthma. We found that increasing symptoms of anxiety or depression on a simple 4-question
clinical survey was highly associated with report of poor symptomatic asthma control but
not decreased lung function, among girls. Assessing pediatric patients with severe asthma
for psychiatric problems is important in order to uncover a potentially modifiable
comorbidity for poor asthma control. Further research to test the efficacy of mental health
interventions to improve asthma morbidity will be important.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Boxplot of ACT scores by sex and PHQ-4.
Boxplot of ACT scores stratified by sex and PHQ-4 >2 demonstrates significantly lower

mean ACT for girls with PHQ-4>2 than boys with PHQ-4>2 (Adjusted mean & SE 13.64
(0.59) for females with PHQ4 > 2, 17.82 (0.95) for males with PHQ-4 > 2, mean difference
4.18 points (95% CI: 0.63, 7.73, p=0.03). Mean ACT is significantly lower girls with
PHQ-4>2 than girls with PHQ-4 < 2 (20.64 (1.25) for females with PHQ-4 < 2, mean
difference 7.0 points (95% CI: —10.88, —3.12, p=0.01). no significant difference in mean
ACT scores for boys with PHQ-4 < 2 (18.10 (0.75) and PHQ4 > 2 (mean difference 0.27
points (95% ClI: —4.24, 3.69, p=0.8) or boys with PHQ-4 < 2 vs. girls with PHQ-4 < 2 (mean
difference 2.55 points (95% CI: -7.19, 2.09, p=0.2). ACT, Asthma Control Test; PHQ-4,
Patient Health Questionnaire-4.
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Table 1.
Subject characteristics
Characterization N = 43 subjects
Age in Years, Mean (SD) 11.7 (4.2)
Sex, N (%) Male 28 (65.1%)
Female 15 (34.9%)
Race, N (%) White 21 (48.8%)
Black 6 (14.0%)
Asian 1(2.3%)
Otder 10 (23.3%)
Unknown 5 (11.6%)
Medication Step, Median(IQR) 5.5 (4.5, 6)
PHQ-4 score > 1 25 (58.1%)
PHQ-4 score >2 8 (18.6%)

Time-Varying Covariates

N = 93 observations

ACT Score, Mean (SD)

ACT Score (4-11 Years), Mean (SD)
ACT Score (12+ Years), Mean (SD)
FEV1% Predicted, Mean (SD)
FVC% Predicted, Mean (SD)
FEF25-75% Predicted, Mean (SD)
FEV1/FVC, Mean (SD)
PHQ-4 Score, Median (IQR)
PHQ-4 Score > 0, N(%)
PHQ-4 Score > 2, N(%)

18.6 (4.9)
18.9 (4.5)
18.1 (5.4)
95.1 (18.4)
102.0 (14.3)
86.4 (35.7)
81.0 (9.4)
1.0 (0.0, 2.0)
49 (52.7%)
21 (22.6%)
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Table 2.

Adjusted linear mixed model predicting ACT score from PHQ-4 > 2 (n=93)
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Model 1 Model 2
B 95% CI P-Value B 95% ClI P-Value
PHQ-4>2 -2.18 -6.04,1.68 0.2 -7.00 -10.88,-3.12 0.01
PHQ-4>2

PHQ-4<2 0 0

Sex Male -1.10 -3.77,1.58 0.4 -2.55 -5.50, 0.40 0.09
Female 0 0

Age -0.08 -0.43,0.27 0.7 -0.04 -0.40, 0.31 0.8

Race Non-White 0.10 -2.31,2.50 0.9 0.11 -2.32,2.53 0.9
White 0 0

Medication Step -0.94 -2.02,0.14 0.09 -1.03 -1.98,-0.08 0.04

Male, PHQ-4 > 2 6.73 1.73,11.73 0.02
Male, PHQ-4< 2 0

PHQ-4 Score* Sex

Female, PHQ-4 > 2 0
Female, PHQ-4 < 2 0

Linear mixed effects model predicting ACT score by PHQ-4 >2. Model 1: main effects; model 2: addition of interaction effect of Sex on PHQ-4 >2
to predict ACT score.ACT: Asthma control test; PHQ-4: Patient Health Questionnaire-4
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