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Abstract

Objectives—A thorough examination of the relationship of asthma severity and control with
symptoms of depression is needed to identify groups of asthmatics at high risk for poor disease
control outcomes. This study examines the relationship of symptoms of depression with severity
and control in a well characterized cohort of asthmatics and healthy controls.

Methods—Depressive symptoms and quality of life were assessed using the Beck Depression
Inventory. Disease control was measured by a composite index incorporating symptoms, activity
limitation, and rescue medication use.

Results—Individuals with asthma (n=91) reported more symptoms of depression than controls
(n=36; p<0.001). Those with Severe asthma (n=49) reported more symptoms of depression
(p=0.002) and poorer asthma control (p<0.0001) than those with Not Severe asthma. Worse
asthma control was associated with more depressive symptoms in Severe (r=0.46, p=0.002) but
not in Not Severe (r=0.13, p=0.40) asthmatics. The relationship of symptoms of depression among
Severe asthmatics was attenuated by disease control. Exploratory analyses identified specific
disease symptom characteristics, as opposed to exacerbations, as associated with symptoms of
depression.

Conclusions—Among individuals with severe asthma, increased symptom burden is positively
associated with risk for co-morbid depression. These findings point to a need for regular mood
disorder screenings and treatment referrals among this group. Further research is warranted to
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examine whether treatment of comorbid depression improves treatment adherence and asthma-
related quality of life.

Keywords
severe asthma; depression; asthma control

INTRODUCTION

Although asthma has long been associated with symptoms of depression, the relationship
between these two complex diseases remains unclear (1). When compared to the general
population, individuals with asthma are at increased risk for depressive symptoms, including
decreased ability to perform daily activities, agitation and even suicide (2—6). Depressive
symptoms have also been associated with greater asthma symptoms, functional limitations,
healthcare utilization, worse asthma quality of life (QOL) as well as decreased medication
and treatment adherence (3, 4, 7-15). However, relationships between depression and
asthma severity and control across a wide range of well characterized asthma patients
remains poorly understood.

Asthma severity and control have recently been defined and, to some degree, separated (16—
18). Severity generally defines an underlying feature of the disease that contributes to level
of difficulty achieving symptom relief and normal lung function. Guidelines suggest that
“asthma control” can be assessed by symptom frequency and intensity, rescue medication
use and number of exacerbations, with or without the addition of lung function changes. In
general, increasing asthma severity implies more poorly controlled asthma, although severe
asthma definitions allow inclusion of patients on high doses of inhaled and oral
corticosteroids (CSs) who are well controlled by National Asthma Education and Prevention
Program (NAEPP), Global Initiative for Asthma (GINA) guidelines and ATS Refractory
Asthma definitions (17-19).

Many individuals with asthma remain poorly controlled despite advances in treatment.
Growing evidence suggests that poor disease control, as compared to disease severity, plays
a greater contribution to symptoms of depression (8, 14, 20-23). However, no studies have
included a large enough proportion of well-characterized severe asthma patients to fully
understand the overlapping associations of asthma severity and control in the prediction of
emotional function. Additionally, little is known about the impact of particular elements of
disease control (e.g., symptoms, exacerbation) and their relationship to depression (24).
Understanding these relationships could lead to improvements in clinical care (15, 25).

In the current study, we examined associations between asthma severity and disease control
and symptoms of depression among individuals with well-characterized asthma who were
recruited as part of the National Heart Lung and Blood Institute’s Severe Asthma Research
Program (SARP). We hypothesized that: 1) depression would be significantly worse among
severe asthmatics as compared to those with less severe asthma, and 2) lower levels of
asthma control would explain the greater degree of depressive symptoms in severe asthma.
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Individuals were recruited from the larger parent multicenter SARP network in a sub-study
conducted at the University of Pittsburgh (and earlier at National Jewish Health) site.
Participants were =18 years of age, non-smokers for the past year with < 5 pack/year history
of tobacco use, and either met the American Thoracic Society (ATS) criteria for a diagnosis
of asthma or were healthy controls (26). Severe asthma was defined by the ATS Refractory
Asthma Definition, including use of high dose inhaled CSs or oral CSs for >50% of the
previous year as major criteria. Participants on these medications could be identified as
severe asthmatics if they either required these medications to achieve a level of symptom,
exacerbation and lung function control or if they did not achieve control despite these
medications. “Not severe” asthmatics included all other individuals with asthma without
regard to level of control (26). Normal Control participants were healthy atopic or non-
atopic individuals with normal lung function and without a history of chronic respiratory
conditions. Participants with asthma were recruited using flyers and public postings within
the hospital and university clinic settings; they were not recruited following any specific
health or asthma exacerbation events. Control participants were recruited using the same
procedures including flyers and public postings within the hospital and clinic settings. The
inclusion criteria and study procedures have been described in detail in a prior publication
(26).

All participants gave informed consent, which was approved by the Institutional Review
Boards of both the University of Pittsburgh, PA and the National Jewish Medical and
Research Center (National Jewish Health) Denver, CO.

Participants underwent clinical testing and provided questionnaire data as previously
described (26). Basic demographics, years of education, body mass index (BMI), pulmonary
function testing and years since asthma onset were included.

Measure of Depression—Symptoms of depression were assessed using the Beck
Depression Inventory (BDI-11), which includes 21 items that assess affective symptoms
(e.g., sadness, irritability, and hopelessness), cognitive symptoms (e.g., guilt or feelings of
being punished), and somatic symptoms (e.g., fatigue, sleep disruption, and weight change)
of depression (27, 28). Each item assesses symptom severity on a scale of 0-3. Total scores
on this measure range from 0 to 63, with scores of 16 or higher associated with clinical
depression (27, 28). In addition to the full scale measure, we constructed a modified 17-item
BDI (mBDI) excluding items that assess somatic symptoms that may also reflect symptoms
associated with asthma morbidity (items 14-21, e.g., agitation, sleep disturbance) (29-31).
The total scores on the modified scale ranged from 0 to 51, with a higher score reflecting
greater depressive symptomatology. This modified BDI-I1 was used in sensitivity analyses
to confirm that results from the original BDI were not being driven by asthma-related
morbidity. The BDI was analyzed both as a continuous measure of depressive symptoms as
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well as a categorical variable examining BDI-II scores > or < 16, an accepted cut-off to
screen for clinical depression (27, 32).

Asthma Control Index—While validated and accepted measures of disease control now
exist (e.g., Asthma Control Test (ACT); Asthma Control Questionnaire (ACQ)), none were
used in the original SARP dataset (34, 35). Thus, for this study, we developed a measure of
asthma control modeled on the National Asthma Education Prevention Program (NAEPP)
guidelines using data collected in SARP (17). A composite index was developed to assess
asthma control in the past 2 weeks to 3 months using factors consistent with standardized
measures of control in the NAEPP Guidelines (17). This composite measure included:

1. nocturnal awakenings (previous 3 months): 1 (never) to 6 (2 or more times a night)
shortness of breath (previous 3 months): 1 (never) to 6 (2 or more times a day)
chest tightness (previous 3 months): 1 (hever) to 6 (2 or more times a day)

wheeze (previous 3 months):1 (never) to 6 (2 or more times a day)

o ~ w N

interferes with daily activity (previous 2 weeks, as measured by the AQLQ activity
domain. This score was reverse coded within the Asthma Control Index only, to be
consistent with direction of association of the other continuous measures):1(least
activity limitation) to 7 (most disrupted) [33]

6. short-acting metered dose inhaler and nebulized beta-agonist use (previous 3
months, retrieved from medication use questionnaire): 1 (never) to 6 (2 or more
times a day).

A continuous score adding each patient’s asthma control characteristics was developed
ranging from 7 to 43, with higher values representing worse disease control. The results
were reported as a continuous scale, without cut-points for well, not-well or poorly
controlled asthma.

Statistical Analysis—We first compared demographic variables and clinical measures
between participants with asthma and controls and second, between participants with severe
asthma and non-severe asthma. Continuous variables were compared using two-sample t-
tests. Categorical variables were compared using Chi-squared tests or Fisher’s exact test. All
tests were two tailed and conducted at a=0.05. We calculated Spearman’s correlation
statistics to assess the strength of linear associations among depression and disease control.
We used general linear regression models to compare mean BDI-11 between participants
with severe and mild asthma. We compared crude unadjusted models to models controlling
for key covariates of gender, age, BMI, education, race, FEV1, and length of disease by age
of onset.

To assess the possibility that asthma control contributes to the association between asthma
severity and depression, we examined the magnitude, direction and significance of the
primary model estimates after adjusting for asthma control. Logistic regression was used to
assess differences in the proportion of individuals with BDI-I1 > or < 16, the cut-off for
clinical depression. Here, we present crude and adjusted odds ratios and 95% Cls analogous
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to the general linear model results. All analyses were conducted using SAS software version
9.2; SAS Institute. Cary, NC. Exploratory analyses compared specific elements of disease
control (e.g., nocturnal awakenings, asthma symptoms [wheeze, shortness of breath and
chest tightness and interference with activity, metered-dose and nebulized beta-agonist use])
and exacerbation-related factors (e.g., emergency room visit and hospitalization) among
individuals above and below the clinical cut off on the BDI-II. Chi -square tests (two-sided
Fisher’s exact test) were used for these analyses. In addition, Spearman’s correlation
statistics were used to assess the linear association of the continuous BDI-I1 score with the
various categorical measures of disease control.

Demographics

Compared to normal controls (n=36), individuals with asthma (n=91) were older (p<0.0001)
and had higher body mass index (p=0.0007) (Table 1). Individuals with severe asthma were
older than those with milder disease (p<0.0001), but did not differ by race, ethnicity, gender
or BMI compared to individuals with milder disease. About 80% of patients with severe
asthma were on oral CSs for > 50 % of the previous year compared to none in the not severe
asthma group (p<0.0001).

Depression and Asthma Control in relation to Asthma Severity

Individuals with asthma reported significantly more symptoms of depression than normal
controls on the standard BDI-1l (Mean (SD) = 9.45 (9.48) vs. 1.53 (2.86), p<0.0001). The
depression score measured by the standard BDI-Il was twice as high in Severe
(12.29[10.61], mean [SD]) as in Not Severe asthma (6.14[6.69], p =0.002) (Table 2). When
somatic items were excluded and the mBDI compared, the differences remained and were
marginally greater than the standard BDI-I1 [Not Severe=3.67(4.38) vs. Severe-8.31(8.37),
p=0.001)] (Table 2). Given the modest difference in the outcomes, the validated standard
BDI-11 results were used for all subsequent analyses. As expected, asthma control differed
by asthma severity, with over 50% worse control reported among the Severe asthma
participants than the Not Severe participants (Table 1). Symptoms of depression correlated
with poor asthma control across all individuals with asthma (0.43 p<0.001). However, when
the asthma severity groups were examined separately, significant correlations only existed in
those individuals with severe asthma (r=0.46, p=0.002), and not in those with milder disease
(r=0.13, p=0.40) (Figure 1).

Multivariable Analyses for Factors Associated with Depression

Symptoms of depression were higher among severe compared to milder asthmatics in
unadjusted and adjusted analyses that controlled for key covariates (i.e., sex, age, BMI,
education and length of disease) (B —7.67, t-statistic —3.47, p=0.0008). There was no
significant interaction of severity with asthma control in the prediction of depression (p=.31)
However, the difference in BDI scores between severity groups was attenuated and became
non-significant when disease control was added to the model (B -2.85, t-statistic —1.15, p=
0.25) (Table 3), consistent with the hypothesis that the relationship between depression and
asthma “severity” is related to level of disease control.
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More participants in the Severe asthma group fell above the clinical cut-off for depression
(BDI-11>16) than those in the Not Severe group (30.61% as compared with 9.52%, y= =
6.09, p=0.014). Logistic regression models that controlled for key covariates showed a 5-
fold increase in the odds of falling above the clinical cutoff for depression among Severe
compared to Not Severe asthmatics (OR =5.00, 95% CI [1.31, 19.19]). When disease
control was added to the model, this relationship was also no longer significant (1.59 [0.31,
8.28]) (Table 3).

Exploratory analyses examining components of disease control in relation to symptoms of

depression

Our composite measure of recent disease control included assessments of nocturnal
awakenings, asthma symptoms (e.g., wheeze, shortness of breath and chest tightness),
interference with activity, and short acting beta-agonist use. In addition, we had data on
systemic CS use, emergency room (ER) visits as well as hospitalizations in the previous
year. To better understand the relationship between disease control and depression among
severe asthmatics, specific elements of the disease control index, as well as exacerbations
and systemic CS use were individually analyzed in relation to symptoms of depression. In
exploratory analyses, symptoms of depression correlated positively with activity limitation
(r<=—0.52, p <0.0001), nighttime awakenings (rs=0.43, p<0.002), shortness of breath
(rs=0.37, p=0.009), chest tightness (r;=0.38, p=0.007) and short-acting p-agonist use
(rs=0.39, p=0.006). There was no correlation with wheeze (r4=0.097, p=0.50). When
compared to individuals with severe asthma who fell below the cut off for clinically
significant depression, those above the cut off reported more nocturnal awakenings (BDI-I1
<16: 3.5 [2,5] vs. = 16: 5[5,6], p=0.007), shortness of breath (< 16: 4.5[3,6] vs. = 16: 6[5,6],
p=0.027), chest tightness (<16: 4[2,5] vs. =216: 5[5,6], p=0.027) and activity limitation
(lower score is worse) (<16: 4.2 [3.6-4.8] vs. =216: 3.0 [2.6,4.0], p=0.005). The groups did
not differ in Wheeze (<16: 5[2, 6] vs. 216: 4[3, 6], p=0.592), B-agonist use (<16: 2[1,6] vs.
>16: 4[2,5], p=0.290), ER visits (;(2:0.183, p=0.67), hospitalizations in the last 12 months
(¥?=2.42, p=0.119), and need for 3 or more OCS (y?=0.67, p=0.41).

DISCUSSION

The results from the current study indicate that individuals with a broad range of asthma
severity have increased symptoms of depression when compared with matched healthy
controls (7, 8, 14, 20, 37, 38). Further, asthmatics meeting the rigid ATS definition of severe
asthma had twice the level of depressive symptoms compared to those with milder asthma
and were more likely to fall above the pre-defined cut-off for clinical depression even after
controlling for key covariates of sex, age, BMI, and asthma duration. The relationship
between depression and severity was related to level of asthma control, with better asthma
control being associated with less depressive symptomatology among the severe, but not the
milder, asthma group. This suggests that asthma severity itself may not be the determinant
of the level of depressive symptoms. However, the absence of an association of control with
symptoms of depression among individuals with milder asthma suggests that severity and
control are tightly interconnected in their relationship with symptoms of depression.
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Previous studies examining the association between asthma severity and depression have
yielded mixed results with some finding a positive association while others have not (14,
39-42). However, important differences exist between the current study and previous studies
which may explain some of the inconsistencies. Our study is the first study to evaluate
depression using a standardized instrument in a sample with a broad range of asthma
severity and control that was rigorously assessed. We also confirmed that the relationship of
asthma severity to depressive symptoms was not a function of shared somatic symptoms.
This raises the strong possibility that individuals with severe asthma who also have
heightened levels of chronic symptom burden are at increased clinical risk and should be
regularly screened and referred for treatment of depression. In sum, our well characterized
sample provides further support for an association of asthma severity with symptoms of
depression, and suggests that level of disease control may contribute to this association.

Participants in the current study were a local subset of the larger SARP cohort, a well
characterized group of asthmatic and healthy control participants in whom severity was
rigidly defined by the ATS criteria and in whom poor control was not a specific criterion for
severe asthma. While there is conceptual overlap between the definitions of asthma severity
and disease control, it is generally acknowledged that recent control can be independent of
more longstanding determinations related to asthma severity. Unfortunately, the SARP
cohort was initiated before the widespread use of standardized disease control
questionnaires. Therefore, we developed a composite index of control incorporating asthma
symptoms and medication use from questions asked in SARP and modeled after the NAEPP
Guidelines (17). Our control index did not include lung function, which is included in some
but not all control questionnaires, as we believed that FEV1 % predicted data would skew
the control index to severe asthma. Of note, there were differences in the control criteria
recall periods (i.e., ranging from 2 weeks for activity limitation to 3 months for symptoms),
which may have impacted the index, with scores likely more reliable over shorter time
frames. Despite the limitations of this new control index, there were marked differences in
asthma control in individuals with Severe versus Not Severe asthma. When adjusting for
asthma control using this index, the differences in depression between Not Severe and
Severe Asthma became non-significant.

When the asthma severity groups were examined separately, the association between disease
control and depression was only significant for the severe asthma group. This implies that
not only is the relationship between depression and asthma severity modified by disease
control, but also that the relationship between asthma control and depressive symptoms is
modified by asthma severity. These intersecting relationships are maintained even when
controlling for key demographic factors. The current study is cross-sectional, which
precludes causal interpretations. However, it is conceivable that a “threshold” loss of control
or overall burden of disease is required before depressive symptoms increase in relation to
control. The substantially and significantly worse asthma control score for those in the
Severe Asthma subgroup supports this possibility. Alternatively, the relationship could be
stronger in for individuals with severe asthma due to factors not measured in this study,
including complexity of medication regimens, lack of response to medications, such as
inhaled CSs which are effective in milder asthma and poorly understood participant
behaviors which could also influence disease severity. The current findings complement the
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findings of Lavoie et al. who identified asthmatics who met criteria for depression and then
examined their clinical asthma characteristics (20). In this study, asthma severity was not
associated with depression; however, asthma control was. The populations examined in the
two studies differ in a number of ways. The Lavoie et al. study only recruited individuals
with depression whereas the current study included individuals with a range of asthma
severity (20). Interestingly, both studies found an inverse association of asthma control with
symptoms of depression

To examine the relationship between specific disease control characteristics and clinically
significant depression, our exploratory analysis identified only nocturnal awakenings,
shortness of breath, chest tightness and limitation of activity as covarying with symptoms of
depression. Interestingly, asthma exacerbations (e.g., emergency room visits, hospitalization
or OC use) were not associated with symptoms of clinical depression. The most strongly
associated control features were activity limitation and nocturnal awakenings. The
association with activity limitation is not surprising given its likely impact on overall
lifestyle and asthma-related quality of life. Similarly, sleep disturbance, nighttime
awakenings and poor sleep quality are common among individuals with both depression and
poorly controlled asthma, creating a potential cycle of disruptive sleep disturbance (43-45).
Understanding the causal direction of these associations is critical to determining whether
interventions to improve sleep (or depression) will improve indices of asthma control. The
present study indicates that both disease severity and control contribute to symptoms of
depression. Psychological and psychiatric morbidity, such as depression, have been
associated with increased asthma severity through biological and psychophysiological
mechanisms such as non-adherence with medications and treatment, exposure to asthma
triggers, and reduced perception of asthma symptoms (46). Therefore, prospective studies of
individuals with severe asthma are needed to better characterize the direction and causal
association of the asthma and depressive symptoms.

There are a number of strengths and limitations of the presented work. First, the association
between symptoms of depression and asthma severity was observed using both the standard
BDI-11 and a modified version of the BDI-II that excluded somatic items (such as sleep
disturbance and agitation) that accompany both depression and asthma. These results
confirm that the positive relationship between asthma severity and symptoms of depression
is not solely a function of shared somatic symptoms, but reflects mood disruption.
Limitations of this study include the lack of a standardized asthma control questionnaire,
reliance on questions with differing recall periods, and the lack of an ability to determine
cause verses effect. In addition, the contribution of anxiety to depression was not analyzed
in this study as no measure of anxiety was collected in the SARP study (2, 3, 14, 20, 47).
Despite these limitations, this study supports a strong relationship of asthma severity with
symptoms of depression that was partially accounted for by level of asthma control.

Conclusion

Our findings extend prior research by further examining associations between asthma
severity and control and symptoms of depression among a well characterized sample.
Individuals with severe asthma endorsed more symptoms of depression than those with
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milder asthma, with the severe asthmatics who endorsed poor asthma control being at
particularly heightened risk. As reported earlier, given that psychological morbidity has been
associated with increases in asthma severity, routine screening for depression among
patients with severe asthma may result in the opportunity to tailor patient-centered clinical
asthma management efforts resulting in improved disease management and control.
Exploratory analyses show that activity limitation and nocturnal awakenings show the
strongest association with depressive symptoms among those with severe disease and may
be useful in the identification of individuals at increased risk for mood disorder. Studies are
needed to determine whether interventions designed to improve sleep or increase levels of
physical activity can prevent depression, and whether treatment of depression is associated
with improved control of asthma or vice versa.

Clinical Implications

Individuals with severe asthma are at increased risk for clinical depression. The current
study shows that this is particularly the case for individuals who experience increased
asthma symptom burden, including disrupted sleep and limited levels of physical activity.
The depression that accompanies severe asthma is not solely a function of shared somatic
symptoms and likely reflects mood disruption that may negatively impact treatment
adherence and quality of life. The current findings point to a need for regular mood disorder
screenings and treatment referrals among severe asthmatics, particularly those with higher
symptom burden. The possibility that interventions designed to improve sleep and increase
physical activity may result in improved quality of life is also worth consideration.
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Figure 1.
Scatterplot of the Disease Control Measure vs. symptoms of depression (BDI-I1) for

individuals with asthma@.
@ Not Severe Asthma (r= 0.13, p=0.40) vs. Severe Asthma (r=0.46, p=0.001)
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BDI (continuous) Adj A (95% CI) p-value

BDI>16 OR (95% CI)

ASTHMA (Severe vs. Not Severe)

6.14 (9.91, 2.37), 0.002

4.19 (1.27, 13.86)

ASTHMA (Severe vs. Not Severe)
*Adjusted for Significant Covariates (Sex/Gender, Age of onset,
Education, BMI, Age)

7.67 (12.08, 3.28)
0.0008

5.00 (1.31, 19.19)

ASTHMA (Severe vs. Not Severe)
*Adjusted Covariates

*Adjusted for Disease Control

2.85(7.78, 2.09), 0.25

1.59 (0.31, 8.28)
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