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ABSTRACT

Background: Poor asthma control, often caused by non-adherence with controller medication, is
a well-known risk factor for impaired quality of life (QoL) and major mood disorders (MMD).
Previous studies have shown a relationship between non-adherence, lower Qol, and MMD across
chronic diseases, but the relationship remains uncertain in asthma.

Methods: All asthma patients followed at the respiratory outpatient clinic at Copenhagen University
Hospital — Hvidovre were invited to fill-in the Hospital Anxiety and Depression Scale (HADS) and the
Mini Asthma Quality of Life Questionnaire (miniAQLQ). Medication Possession Ratio (MPR) was
calculated using pharmacy redemption data. Relationships between questionnaire scores, inhaled
corticosteroid MPR and use of rescue medication were investigated using Pearson correlation and
multivariable linear regression adjusted for age, sex, FEV;, and GINA Step. Data from scheduled visits
were collected from patients’ medical records.

Results: A total of 308 patients (73% females, median age 51 years (interquartile range (IQR) 37,
62)) completed the questionnaires and had 1-year medication data available. Median adherence
to inhaled corticosteroids (ICS) was 57% (35%, 75%) with 18% of patients having adherence
above 80%. Of the participating patients, 14% and 27% reported depressive and anxiety-related
symptoms, respectively, and 72% reported impaired QoL.

In correlation analyses, ICS adherence was not significantly associated with either prevalence of
MMD symptoms or impaired QoL in asthma patients. However, a strong correlation was found
between ACQ-6 and both MMD symptoms and impaired QoL, as well as between rescue
medication use and impaired QoL. In adjusted analysis, however, the latter correlation was no
longer statistically significant.

Conclusion: Our results suggest that ICS adherence is not directly correlated with either impaired
quality of life or major mood disorder symptoms in asthma patients. Self-reported asthma
control, on the other hand, is strongly correlated with both QoL and MMD.
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Introduction . .
treatment [6], where administration of at least 80% of

Asthma is a chronic respiratory disease characterized
by airway inflammation and reversible airflow obstruc-
tion and symptoms such as wheezing, shortness of
breath, and chest tightness [1]. Affecting more than
an estimated 339 million people worldwide and carry-
ing a large morbidity burden driven mainly by uncon-
trolled disease, asthma poses a major global healthcare
challenge [2,3]. Asthma control is the overall goal of
treatment, with the cornerstone in treatment being
inhaled corticosteroids (ICS) [1,2]. However, global
asthma control remains elusive, with uncontrolled
asthma being seen in 25-36% of patients [4] and partial
control being seen in 40% of patients [5]. One of the
biggest hurdles to disease control is adherence to ICS

prescribed doses typically deemed necessary to obtain
best possible treatment effect [7]. In real-world studies,
adherence rates often range between 20% and 60% [6],
resulting in suboptimal disease control and ultimately
a high symptom burden, lower quality of life (QoL),
and increased risk of adverse outcomes such as exacer-
bations and even death [2].

Major mood disorders (MMD), such as depression and
anxiety, are among the most common disorders seen in
medical practice and ranks as the third biggest cause of
disease burden worldwide [8,9]. Previous studies have
shown an increased prevalence of MMD and reduced
QoL in patients with asthma [10,11] and especially
among those with uncontrolled or symptomatic asthma
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[12]. Considering the relationship between adherence and
asthma control, as well as asthma control and MMD pre-
valence, a vicious circle of control-worsening factors could
be imagined, further lowering QoL and increasing MMD
risk in asthma patients. The existing literature in this field is
limited and provides mixed findings, with some studies
showing a strong relationship between non-adherence
and MMD [9,13,14] and others showing the opposite [15].

The aim of the present study is to investigate the rela-
tionship between adherence to ICS treatment, impaired
QoL and prevalence of MMD symptoms in a consecutive
cohort of patients with asthma managed at a university
hospital respiratory outpatient clinic. We hypothesise that
the prevalence of impaired QoL and MMD symptoms is
high and that non-adherence is associated with impaired
QoL and presence of MMD symptoms.

Methods
Patients and recruitment

All patients with asthma managed at the respiratory out-
patient clinic, Copenhagen University Hospital -
Hvidovre, Hvidovre, Denmark, during the period
March 2019 - March 2020 were eligible for participation
in the present study. Patients were invited to answer two
study questionnaires as part of routine care. Patients were
included in the study if they (i) answered all study ques-
tionnaires, (ii) had full 365-day inhaler prescription
redemption data available, and (iii) did not actively reject
researcher access to their medical records (Figure 1).

Asthma outpatients seen during
March 2019 - March 2020
(n = 1646)

Excluded:
+—  Patients who did not wish to participate
(n =9)

Excluded:
— Partial and non-responders
(n =680)

Excluded:
Incomplete 365-days adherence data
or no active ICS treatment
(n = 649)

Patients included in the final cohort
(n=308)

Figure 1. Flowchart of study inclusion and exclusion in
a cohort of 308 patients with asthma followed at a university
hospital respiratory outpatient clinic.

Ethics and approvals

Study approvals were obtained from the Capital Region
of Copenhagen’s Data Safety Board (P-2020-1086) and
the Capital Region of Copenhagen’s Centre for

Regional Development’s Clinical Research Board
(R-20069939).
Data are available upon reasonable request.

However, approval from data sources and the Capital
Region of Copenhagen’s Data Safety Board and Centre
for Regional Development’s Clinical Research Board
may be required as per Danish law.

Study procedures

As part of routine care, patients were asked to complete
the Hospital Anxiety and Depression Scale (HADS)
[16,17] and the Asthma Quality of Life
Questionnaire (miniAQLQ) [18]. Routine examinations
such as Asthma Control Questionnaire — 6 (ACQ6), frac-
tional exhaled nitric oxide (FeNO), BMI, smoking history,
exacerbation history, and prescribed pharmacological
therapy were collected from patients’ medical records.

mini

Hospital Anxiety and Depression Scale

The Danish version of the HADS questionnaire was
used, with cut-off values for possible anxiety (HADS:A)
and depression (HADS:D) scores set to 8 points [16].

Mini Asthma Quality of Life Questionnaire

The Danish version of the miniAQLQ was used with a cut-
off value for impaired QoL, based on the total score, set to
5.4 in accordance with Correia de Sousa et al. [19].

Medication data

Pharmacy redemption data were collected for each
patient from the nationwide Common Medication
Card (CMC). Medication Possession Ratio (MPR) was
used as an objective measure of adherence, calculated
as the sum of redeemed doses in the 12 months prior
to the visit date, divided by the sum of prescribed
doses. During MPR calculations, the following adjust-
ments were performed as previously described [20]: (i)
For patients prescribed dual ICS therapy, only redeem-
ing one of the ICS during the observation period, MPR
was calculated as single ICS MPR for the inhaler
redeemed and reduced by 50% to reflect partial non-
adherence. (ii) Patients changing inhalers during the
observation period had the, at the date of change
remaining, number of doses from the discontinued
inhaler omitted (at the redemption date of the newly
prescribed inhaler) to prevent inflation of MPR.



Daily prescribed ICS dose was categorized according
to the GINA 2020 guidelines [2]. Moderate exacerba-
tions were defined as oral corticosteroid (OCS) pre-
scriptions of at least 37.5 mg per day for at least 5 days
found in the CMC the past 12 months, which did not
coincide with hospitalizations over 24 h, as registered
in electronic patient records. Severe exacerbations were
defined as exacerbations requiring hospitalization for
at least 24 h. Excessive short-acting beta-2-agonist
(SABA) use was defined as at least 600 redeemed
doses within a 12-month period. Use of long-acting
beta-2-agonist (LABA) and long-acting muscarinic
antagonist (LAMA) was also registered.

Statistical analyses

Demographic statistics are presented as median
(interquartile range, IQR). For groupwise compari-
sons, Wilcoxon rank-sum test or Chi-squared test of
independence was used depending on continuous or
categorical data. Simple correlation analysis with
overall MPR was performed using Pearson correla-
tion analysis. In comparison with statistically sig-
nificant (p < 0.05) correlations, multivariable linear
regression adjusted for age, sex, FEV;, and GINA
treatment step was performed. Due to the number
of tests performed, regression analyses are presented
in both original and Bonferroni multiple testing
corrected versions [21] with k corresponding to
the number of tests performed (k = 8). R 4.0.2
(The R Foundation, AU) was used for statistical
analyses. p-Values <0.05 were considered to be sta-
tistically significant.

Results

A total of 308 patients were included in the final study
cohort. The median age was 51 (37, 62), the age range
was 18-86 years, and 224 (73%) were women. The
median BMI was 27.1 (23.8, 31.1), while 126 (42.4%)
were current or ex-smokers with a mean lifetime
tobacco exposure of 15 [7,22] pack years. The most
prevalent comorbidities were allergy (55%), rhinitis
(31%), MMD (13%) (including both anxiety and/or
depression), and 13% had chronic obstructive pul-
monary disease. Additional demographic data can be
found in Table 1.

ICS therapy, adherence, and disease control

Out of the 308 included patients, 122 (40%), 124 (40%),
and 62 (20%), respectively, had a prescription of low-,
medium-, and high-dose ICS. The median adherence
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Table 1. Baseline demographics of 308 patients with
asthma followed at a university hospital respiratory out-
patient clinic.

Baseline characteristic N = 308°
Female 224 (73%)
Age 51 (37, 62)

Body mass index (BMI) (n = 306)
FEV1 (%pred)
FVC (%pred, n = 299)
FEV1/FVC (n = 299)
Smoking Status (n = 296)
Current smoker
Ex-smoker
Never smoker
Pack-years (n = 109)
FeNO (n = 291)
Comorbidities

27.1 (23.8, 31.1)
91 (76, 101)
100 (86, 113)

0.90 (0.84, 0.96)

13 (4.4%)
113 (38%)
170 (57%)
15 (7, 33)
14 (9, 25)

Allergies 170 (55%)
Rhinitis 97 (31%)
Nasal polyps 23 (8%)
CcvD 26 (8%)
COPD 39 (13%)
Depression or anxiety 39 (13%)
Severe psychiatric disease 15 (5%)

n (%); Median (IQR).

FEV,, forced expiratory volume; FVC, forced vital capacity; COPD,
chronic obstructive pulmonary disease; CVD, cardiovascular disease;
FeNO, fractional exhaled nitric oxide.

for all groups was 57% (35%, 75%), while 76 (18%) had
good adherence (MPR 280%). The most frequent add-
on treatments were LABA (87%) and LAMA (34%).
Additional pharmacological data are given in Table 2.

In terms of disease control, the median ACQ-6 was
1.14 (0.43, 2.00), while 94 (37%) of patients had an
ACQ-6 score 21.5, indicating asthma that was poorly
controlled. The annual SABA use exceeded 600 doses
for 175 (57%) of patients. Thirty-seven (12%) patients
experienced moderate exacerbations within the
last year, while the number was 12 (3.8%) for severe
exacerbations.

Table 2. Medication data for 308 patients with asthma
followed at a university hospital respiratory outpatient
clinic.

Asthma treatment and adherence N = 308"
ICS Dose
Low 122 (40%)
Moderate 124 (40%)
High 62 (20%)
ICS adherence 57% (35%, 75%)
>80% Adherence 76 (18%)
GINA 2020 Step (n = 308)
Step 1 2 (0.6%)
Step 2 13 (4.2%)
Step 3 111 (36%)
Step 4 120 (39%)
Step 5 62 (20%)

Add-on Treatments
Long-acting beta-2-agonists
Long-acting antimuscarinics
Dual long-acting bronchodilators

267 (87%)
106 (34%)
102 (33%)

2n (%); ICS, inhaled corticosteroids.
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Prevalence of MMD symptoms and impaired QoL

The miniAQLQ revealed a median score of 4.93
(3.85, 5.47) with 227 (72%) having a score <5.4.
The median HADS:D score was 2.0 (1.0, 5.0), with
44 (14%) having a score =8. The median HADS:A
was 5.0 (2.0, 8.0) with 86 (27%) scoring =8. Only 39
(13%) had a current clinical diagnosis of depression
or anxiety. Additional data given in Table 3.

Table 3. Questionnaire scores (ACQ-6, miniAQLQ, HADS)
and control markers.

Asthma symptom scores and control N = 308"
Annual SABA use 120 (0, 240)
>600 doses 175 (57%)
History of moderate exacerbation(s) 37 (12%)
Annual exacerbation rate 1.00 (1.00, 2.00)
History of severe exacerbation(s) 12 (3.8%)
Annual exacerbation rate 1.00 (1.00, 1.00)
ACQ-6 (n = 252) 1.14 (0.43, 2.00)
>1.5 94 (37%)
miniAQLQ
Total Score 4.93 (3.85, 5.47)
<54 227 (72%)
Symptom score 4.80 (3.60, 5.40)
Activity score 5.25 (4.25, 5.75)
Emotional score 4,67 (3.67, 5.67)
Environment score 5.00 (3.42, 5.67)
HADS
Anxiety score 5.0 (2.0, 8.0)
>8 86 (27%)
Depression score 2.0 (1.0, 5.0)
>8 44 (14%)

#Median (IQR); n (%).

ACQ, Asthma Control Questionnaire; HADS, Hospital Anxiety and
Depression Scale; Mini AQLQ, Mini Asthma Quality of Life
Questionnaire; SABA, short acting beta-2-agonist.

-0.58 -0.50
p<0.001 p<0.001

miniAQLQ: Total Score

-0.01
p=0.853

ICS Adherence

0.09
p=0.109

Annual SABA Use

0.33
p<0.001

ACQ-6 Score

HADS: Anxiety

Correlations between ICS adherence, MMD
symptoms, and impaired QoL

Overall correlations between ICS adherence, HADS
and miniAQLQ-scores, as well as objective measures
of disease control, are presented as Pearson correla-
tions with corresponding p-values in Figure 2.
Statistically significant correlations were found between
miniAQLQ and HADS:D (r = -0.58), HADS:A
(r = =0.50), ACQ-6 (r = —0.53), annual SABA use
(r = —0.23); between HADS:D and ACQ-6 (r = 0.33),
HADS:A (r = 0.72); between HADS:A and ACQ-6
(r = 0.20); between ACQ-6 and ICS adherence
(r = —=0.13), annual SABA use (r = 0.24).

Multivariable adjusted analyses

For the aforementioned significant correlations, confir-
matory multivariable adjusted linear regression analyses
with and without Bonferroni multiple testing correction
was carried out. After adjusting for age, sex, FEV,, and
GINA treatment step, all the correlations remained sig-
nificant, except for the correlations between ACQ-6 and
annual SABA use as well as the correlation between
ACQ-6 and ICS adherence (Figure 3(a)).

When correcting for multiple testing, the following
correlations remained significant (presented with
99.4% confidence intervals in parenthesis): between
miniAQLQ and HADS:D (f = -0.18 (-0.22 - -0.14)),
HADS:A (B = -0.14 (-0.18-0.10)) and ACQ-6

-0.53 -0.23
p<0.001

p<0.001

-0.13
p=0.048 Correlation

Coefficient

0.50
0.25
0.00
-0.25
-0.50

0.24
p<0.001

“ 2
oé ?“\)6 ,\Q}\
()
° & &
> =
v ?‘Q«\‘) ©

Figure 2. Pearson’s correlation coefficients between patient-reported scores, annual reliever use and adherence in a cohort of 308
patients with asthma followed at a university hospital respiratory outpatient clinic.
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(Multiple Testing—corrected 99.4% Cl)

-0.05 0.00

Figure 3. Multiple regression beta coefficients between patient reported scores, annual reliever use and adherence in a cohort of
308 patients with asthma followed at a university hospital respiratory outpatient clinic. Adjusted for age, sex, FEV;, and GINA
treatment step and reported with (A) 95% confidence intervals and (B) multiple testing adjusted 99.4% confidence intervals.

(B = —0.37 (-0.49 - —0.24)), as well as those between
ACQ-6 and HADS:.D (B = 0.07 (0.02-0.11)) and
HADS:A (p = 0.05 (0.01-0.09)) (Figure 3(b)). Thus,
the correlation between miniAQLQ and annual SABA
use was no longer significant. Of note, the only con-
sistently significant covariate in all adjusted, multivari-
able corrected analyses was FEV, (data not shown).

Discussion

In the present study, we aimed to explore the relation-
ship between ICS adherence, impaired QoL, and MMD
symptoms. Based on patient-reported scores and objec-
tive adherence (MPR), no correlations between ICS
adherence and QoL nor between ICS adherence and
MMD symptoms were found. However, based on
patient report, many asthma patients in secondary
care suffer from anxiety or anxiety-associated symp-
toms without a formal diagnosis.

Prevalence of MMD symptoms and impaired QoL

The median ICS adherence found in the present study
is consistent with a systematic review by Barnes et al.,
who found a mean adherence ranging between 22%

and 63% across 19 adherence studies [6]. The propor-
tion of patients with adherence rates over 80% is also in
line with the previous findings [6,23]. Where previous
studies have demonstrated prevalence of depression
symptoms up to 32% [12,24,25], the prevalence of
depression symptoms in our study is markedly lower
(14%). Similarly, the prevalence of anxiety symptoms
(27%) in our study cohort is lower than in the other
studies [12,24,25], where it ranges between 34% and
47%. The above-mentioned studies also used HADS to
evaluate MMD symptoms and should therefore be
comparable to our study. However, the study from
Cooper et al. [24] investigates patients in primary
care. The majority of all asthma patients are managed
in primary care, but a recent study shows that primary
care even manages the majority of uncontrolled as well
as GINA Step 4 and 5 patients [26]. This could suggest
that the lower MMD symptom burden found in the
present study might be due to a combined effect of
place of management (primary vs secondary/tertiary
care), better asthma control and lower disease severity.
The study from Baiardini et al. [25] differs from the
present study by having a smaller population; 64
patients versus 308 patients, which could contribute
to the differences in prevalence. Interestingly, our
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data show a notable discrepancy between patients with
clinically diagnosed MMD (13%) and patients with
anxiety symptoms (27%) according to HADS, suggest-
ing that a considerable number of the patients in our
study cohort have undiagnosed anxiety. Of note, the
13% comprises both clinically diagnosed depression
and anxiety; consequently, the number of clinically
diagnosed anxiety alone must be even lower. This dis-
cordance highlights the differences between patient-
reported symptoms and physician-diagnosed MMD.
Meanwhile, it should still be considered that HADS is
only a screening tool, not a diagnostic instrument.
Thus, a score above 8 on HADS may not meet diag-
nostic criteria for depression or anxiety, especially if
scoring on certain items on the HADS is mediated
from the symptoms of asthma itself, as could be sug-
gested by the significant correlations found in the pre-
sent study between ACQ-6, HADS:D, and HADS:A.

The role of ICS adherence in impaired QoL and
MMD

Contrary to our hypothesis, our study showed that ICS
adherence had no statistically significant correlation
with either impaired QoL or MMD symptoms. One
could hypothesize that the correlation might be stron-
ger in patients with more severe disease who take
higher ICS doses. However, even after restricting the
population to patients treated with high ICS doses
according to the GINA 2020 guidelines, the lack of
correlation remained (data not shown). This is in con-
trast to the findings of Cluley et al. [27] and Bosley
et al. [28], as both these studies found a significant
correlation between ICS adherence and MMD symp-
toms. Our study has many similarities with both stu-
dies, e.g. the use of HADS to evaluate MMD
symptoms. However, our methods differ substantially
in other key aspects, e.g. we use MPR while Cluley et al.
and Bosley et al. [27,28] used electronic inhalers with
built-in dose-counters tracking adherence (total num-
ber of doses taken). Our study relies on the assumption
that patients administer purchased medication, but we
have no way of controlling it as with digital dose-
counters. Additionally, Cluley et al. and Bosley et al.
[27,28] measure adherence over 8-10 weeks, while the
present study uses long-term adherence over 12 months
based on pharmacy redemption data. Indeed, a recent
study finds that short-term and long-term adherence
often differ substantially, emphasizing that the period
of time over which one measures adherence is key [29].
In accordance with our study, Toelle et al. [15] found
no association between ICS adherence and MMD
symptoms; in fact, depression symptoms was even

associated with a lower risk of non-adherence. When
it comes to the association between ICS adherence,
MMD symptoms, and QoL in asthma on a longer
term, the evidence is sparse. However, a longitudinal
study in adolescents found no correlation between ICS
adherence and QoL over a period of 2 years [30]. The
authors hypothesize that the lack of correlation might
be due to the room for improvement in QoL being
small in the group of adolescents.

As expected, we found a strong correlation between
MMD symptoms and impaired QoL; a seemingly trivial
yet important observation that confirms that suffering
from MMD and/or MMD symptoms impairs one’s
quality of life. Also, as expected, we found near-
significant correlations between ICS adherence and
ACQ-6, corroborating that taking one’s medication
regularly improves asthma control, but the present
study might be underpowered to demonstrate proper
significance.

ACQ-6 correlated strongly with miniAQLQ, as well
as HADS:A and HADS:D. This could suggest that the
symptom burden from poorly controlled asthma per se
lowers QoL, regardless of ICS adherence, but more
research is needed to establish causality. This assump-
tion is in accordance with Di Marco et al. [12], who
describe associations between poor asthma control,
asthma severity and increased prevalence of MMD.
Di Marco et al. [12] suggest two possible reasons:
Either a high symptom burden increases MDD risk -
or perhaps MMD symptoms intensify the perception of
asthma symptoms by augmenting symptom perception
in general. Interestingly, when adjusted for FEV;, the
correlation between miniAQLQ and annual SABA use
was no longer significant, suggesting that mechanisms
impeding QoL might be attributable to a poor lung
function rather than factors leading to SABA use. On
the other hand, the correlation between miniAQLQ
and ACQ-6 was not affected by the adjustment of
FEV; in the same way, which considering the lack of
association between ACQ-6 and SABA use found cor-
roborates with the above hypothesis. However, correla-
tion does not entail causation, and further research into
the complex interplay of subjective symptoms, objec-
tive markers, and symptom scores is needed.

Interventions for MMD in asthma

It is very well established that there is a strong link between
having a chronic disease and suffering from impaired QoL,
depression, or anxiety [31]. Functional impairment, wor-
sening condition, unrelieved pain, and social isolation have
all been described as important factors [32]. cognitive
behavioral therapy (CBT) has previously shown an



improvement in AQLQ-score compared to usual care in
asthma [33], suggesting that QoL is highly dependent on
the patient’s own perception of their disease. Conversely,
the effect of CBT on anxiety levels was modest, while CBT
had no effect at all on depression severity and ICS adher-
ence [33]. Factors outside of physician control (having
a close personal network, self-esteem, and self-efficacy)
are also of great importance in terms of QoL and MMD
in chronic disease [22]. In asthma care, the first step
towards improving QoL for symptomatic patients is natu-
rally improving disease control, yet for patients still symp-
tomatic despite optimal care and acceptable adherence,
close attention to MMD and impaired QoL is warranted.

Limitations

This study is subject to several limitations. Due to the
cross-sectional study design, we cannot distinguish
between causation and correlation. An important lim-
itation is the measurement of adherence, which relies
solely on filled prescriptions and not whether patients
took their medicine or not. Thus, the present study
relies on the assumption that patients take the medi-
cine that they buy. Furthermore, the current study does
not assess the patients’ inhalation technique, which is
also an important aspect of adherence. However, the
effect is believed to be small, since patients seen at the
respiratory outpatient clinic have their device techni-
que assessed continuously and, if necessary, re-trained
by the respiratory nurses. The relatively small sample
size could possibly be an obstacle to identifying small
effects of ICS adherence, however, considering the
relatively large increases in adherence necessary to
improve clinical outcomes [34], any missed effects are
likely well below clinical significance. There was an
excess in female participants due to the outpatient
clinic’s management of asthma in pregnancy (MAP)
program. However, no changes in correlations were
seen in sensitivity analyses where MAP-participants
were excluded (Figure S1). The cohort includes
patients who are newly referred and those followed
for longer periods of time, which could differ in
terms of adherence patterns [35]. However, we are
unable to differentiate between these groups due to
data limitations. Furthermore, non-responder analyses
were not allowed due to legal reasons, risking sampling
errors where patients most afflicted by their disease
potentially are systematically excluded from the present
study. Finally, the last period in which the data for this
study were collected interferes with the beginning of
the COVID-19 pandemic. However, since the pan-
demic covers only the very last weeks, the effect on
our results must be assumed to be minimal.
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Conclusion

In the present study, ICS adherence had no correla-
tion with either prevalence of MMD symptoms or
impaired QoL in asthma patients. However, a strong
correlation between asthma control and both MMD
symptoms and impaired QoL was found.
Furthermore, a discrepancy between patient-
reported and clinically diagnosed anxiety symptoms
was found. Our findings suggest that the symptom
burden per se could have a substantial impact on
QoL and MMD symptoms, regardless of ICS adher-
ence, but a causal link remains unknown.
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