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Abstract

Background Nonadherence to therapies and psychological disorders are associated with poor asthma control. This
study aims to assess the prevalence of anxiety and depressive symptoms, asthma control, and adherence to inhalers
and to investigate whether there is an association of anxiety and depressive symptoms with adherence to inhalers
and asthma control.

Methods We measured anxiety and depressive symptoms using the Hospital Anxiety and Depression Scale in
patients with asthma. Asthma Control Test and the 10-Item Test of Adherence to Inhalers Scale were used to assess
levels of asthma control adherence to inhalers, respectively. Univariate and multivariate regression models assessed
the associations of anxiety and depressive symptoms with adherence to inhalers and asthma control.

Results A total of 287 patients completed the study, of whom 72% were female. The mean +SD age and body mass
index of our study population were 44 + 13 years and 29+ 7.2 kg/m?, respectively. Poor adherence to inhaler use was
highly prevalent (49.8%; 95% Cl: 43.8 to 55.7). The prevalence of anxiety, depression and poor asthma control was
27.2% (95% Cl: 22.1 t0 32.7), 20.9% (95% Cl: 16.3 to 26.1), and 22.7% (95% Cl: 17.9 to 27.9), respectively. We found a
negative relationship between asthma control and anxiety, and depressive symptoms (adjusted (3: -0.25; 95% Cl: -0.36
to-0.14; p<0.001 and adjusted [3:-0.29; 95% Cl: -0.40 to -0.18; p < 0.001, respectively). A negative relationship was also
observed between adherence to inhalers and anxiety and depressive symptoms (adjusted (3: -0.34; 95% Cl: -0.46 to
-0.22; p<0.001 and adjusted {3:-0.36; 95% Cl: —0.48 to —0.24; p < 0.001, respectively).

Conclusions The high prevalence of uncontrolled asthma symptoms and poor adherence to inhalers and their
impact on anxiety and depression levels among patients with asthma point to the need for early screening for
psychological symptoms and recognition of nonadherence as part of asthma assessment and management plan
in primary care in Saudi Arabia to avoid further worsening of asthma symptoms. Further studies are needed to
explore the effectiveness of specific psychoeducational interventions and investigate the long-term impact of early
psychological symptom detection on asthma outcomes.
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Introduction

Asthma, an airway inflammation disease, is one of the
most debilitating chronic diseases impacting people
worldwide and is a common disorder with a variety of
etiologies, including environmental and genetic variables.
In 2019, the World Health Organization estimates that
asthma affected 262 million people and caused 461.000
deaths globally [1]. In Asia, cases of asthma have been
increasing over time, with a prevalence ranging from 1
to 10.3% [2]. Although the prevalence of asthma in Saudi
Arabia is under-investigated, it has been reported that
overall prevalence rates of asthma symptoms in Saudi
adults ranges from 14.2 to 18.2% [3, 4]. It should be noted
that symptoms of asthma might vary from person to per-
son. A common symptom of asthma includes, shortness
of breath, chronic cough, particularly at night. The wors-
ening of asthma symptoms may lead to several conse-
quences, including poor quality of life, frequent visits to
the emergency room, and hospital stays [5-8].

Although asthma is not a curable disease, the use of
pharmacologic therapies (e.g., inhaled corticosteroid
(ICS) with or without long-acting beta-agonist (LABA))
is considered the mainstay in the prevention of the fre-
quent worsening of asthma symptoms and hospital
admission of patients with unstable asthma [5]. Good
adherence to these controller therapies is associated
with better clinical outcomes in asthma patients, includ-
ing better disease management and reduction in severe
asthma exacerbations [9]. Globally, the reported rates of
nonadherence to asthma medication are high [10]. For
instance, levels of nonadherence in Kuwait, Northwest-
ern Ethiopia, Bangladesh, Tanzania, and Northern Ire-
land were reported to be 82.6% [11], 86.1% [12], 86% [13],
60.3% [14], and 88% [15] of patients with asthma, respec-
tively. In Saudi Arabia, the exact prevalence of nonadher-
ence has not been well assessed in patients with asthma,
likely due to health system issues such as time constraints
and heavy workloads which prevent pulmonologists and
respiratory therapists from assessing level of adherence
to inhalers use during routine outpatient visits. None-
theless, it has been shown that almost 50% of patients
with chronic obstructive pulmonary disease (COPD) are
poorly adherent to the use of their medications [16]. Dif-
ferent factors may contribute to patient nonadherence
to medication across a range of chronic diseases, one of
which is the presence of psychological disorders [17].

A recent national screening for anxiety and depression
was conducted among the general Saudi population and
showed that the prevalence of people at risk of depres-
sion and anxiety was 12.7% and 12.4%, respectively [18].
Symptoms of anxiety and depression have also been

reported in patients with asthma [19], particularly in
those who are corticosteroid dependent [20]. Although
the prevalence of anxiety and depression among patients
with asthma in Saudi Arabia has not been well reported,
these symptoms vary globally, ranging from 27 to 36%
[21-23] and 11-14% [23-25], respectively. More impor-
tantly, it has been suggested that uncontrolled asthma
and poor adherence to a maintenance medication regi-
men dramatically enhance psychological morbidity
among patients with asthma and subsequently lead to
increased exacerbation rates [26].

Given that early recognition and interventions are
important to effectively address nonadherence to con-
troller medication and psychological disorders, it is
essential to study the extent to which psychological dis-
tress impacts medication adherence and asthma control
among adults with asthma. Therefore, this study aimed to
1) assess the prevalence of adherence to inhalers, asthma
control, and anxiety and depression levels among patients
with asthma, 2) investigate whether there is an associa-
tion of anxiety and depressive symptoms with adherence
to inhalers and asthma control; and 3) evaluate whether
the nonadherence to medication and poor asthma con-
trol can affect levels of anxiety and depressive symptoms.

Methods

Study design and setting

This cross-sectional study was carried out between Sep-
tember 2022 and June 2023 at King Abdulaziz University
Hospital and a Ministry of Health hospital located in the
western region of Saudi Arabia.

Study population

Patients who agreed to participate and signed the
informed consent form were included in this study.
Patients were eligible for participation only if they had
a multidisciplinary team-confirmed diagnosis of asthma
based on current nationally accepted criteria [27]. Diag-
nostic criteria for asthma include the presence of variable
respiratory symptoms history together with a confirmed
variable expiratory airflow limitation (defined as increase
in forced expiratory volume in one second (FEV;) of
>12% and >200 mL). In addition, patients were included
in the study if they were on asthma maintenance therapy
(ICS with or without LABA), had never smoked and were
aged 18 or older. Exclusion criteria included patients with
a smoking history, who were not on maintenance asthma
inhalers, who were aged<18 years, and who could not
complete the study.
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Spirometry parameters

Recent spirometry parameters, including forced vital
capacity (FVC), FEV;, ratio of FEV,/FVC, forced expira-
tory flow at 25% and 75% of the pulmonary volume (FEF
25-75%) and peak expiratory flow (PEF)) were collected
from the medical records of asthmatic patients who vis-
ited the pulmonary clinic within the last 6 months before
this study was carried out. The spirometry tests were
conducted as part of routine care in the pulmonary clinic
by a well-trained pulmonary function technician and
reviewed by a pulmonologist and a consultant respiratory
therapist in accordance with the current American Tho-
racic Society/European Respiratory Society guidelines
[28].

Data collection procedures and tools

This study was conducted with outpatients with con-
firmed asthma diagnoses who had scheduled visits and
consultations with specialists at two pulmonary clinics.
Data were collected by three senior respiratory therapists
with four respiratory therapy interns under the supervi-
sion of two consultant respiratory therapists and a pulm-
onologist. The study aims were explained to the patients,
after which data collectors invited the patients to com-
plete three patient-reported outcome measures, namely,
the Asthma Control Test (ACT), the Hospital Anxiety
and Depression Scale (HADS), and the Test of Adherence
to Inhalers (TAI). The validity and reliability of ACT and
HADS questionnaires have been previously established
within the Saudi Arabian population [29, 30]. Before the
start of this study, content and face validity were assessed
for TAI questionnaire. Additionally, TAI questionnaire
was piloted to 10 patients not included in the study and
the overall Cronbach’s alpha reliability coefficient was
0.71, demonstrating a reliable tool. The relevant patient
characteristics, demographic data and spirometry results
of the patients included in this study were collected from
patient medical records.

Patient-reported outcome measures

Asthma control

The ACT comprises 5 questions that evaluate a 4-week
recall of symptoms and daily functioning. The score for
each question is scaled from 1 (totally uncontrolled) to 5
(fully controlled), where 1 means the patient experiences
asthma symptoms all the time and 5 means the patient
does not experience symptoms at all. The scores on each
question are summed and range from 5 to 25. Higher
scores [20-25] indicate better asthma control. Scores
of 15-19 are considered “not well controlled,” and 5-14
indicate “very poorly controlled” [31].
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Anxiety and depression

The 14-item HADS constitutes 14 questions divided
equally for depression and anxiety. Since each item is
evaluated between 0 (no impairment) and 3 (severe
impairment) on a 4-point severity scale, the possible
scores range from 0 to 21 for anxiety and O to 21 for
depression. Scores of 7 or less on either scale suggest a
normal degree of anxiety or depression, while scores of
8-10 indicate borderline. A score of 11-21 is considered
abnormal anxiety or depression [32].

Adherence to inhalers

The TAI is used specifically to evaluate the level of inhaler
adherence in patients with respiratory diseases, includ-
ing asthma. The TAI is a validated tool that provides an
accurate indicator of patient adherence to the inhaler and
is a patient-focused questionnaire measuring how well
asthma or COPD patients adhere to their inhaler regi-
mens [33]. The TAI has 10 items, with the score of each
item ranging from 1 (worst compliance) to 5 (best com-
pliance). The TAI provides a total sum score between 10
(minimum) and 50 (maximum), which can determine
the degree of patient adherence to asthma inhalers: good
(50 points), intermediate (46—49 points), or poor (<45
points). Before the start of the study, written permission
was obtained from the copyright owners of the TAI ques-
tionnaire [33].

Ethical consideration

Before the start of this study, we obtained ethical
approval from an independent research committee at
King Abdulaziz University, Saudi Arabia (No 407 —-22).

Statistical analysis

The data were analyzed using GraphPad Prism (Version
9). The normality of the data was graphically assessed
using histogram to determine the appropriate statisti-
cal tests. Categorical variables are presented as percent-
ages and frequencies, while arithmetic means+SDs were
used for normally distributed continuous variables. Para-
metric tests such as one-way ANOVA and independent
t-test were performed to determine whether there were
differences in scores between the control (e.g., well-con-
trolled asthma or good adherence to therapies) and spe-
cific groups of asthma control or medication adherence.
The correlation of adherence to inhaler use and asthma
control with both anxiety and depression was deter-
mined using Pearson’s correlation coefficient. Univariate
and multivariate regression models were also performed
to determine the factors associated with depressive and
anxiety symptoms, with adjustment for potential con-
founders (age, gender, and body mass index (BMI)).
P<0.05 was regarded as statistically significant.
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Results

Patient characteristics

We identified 1,156 patients with asthma who visited
the studied pulmonary clinics for routine follow-up dur-
ing the data collection process. After we excluded those
aged <18 years old, those who did not have a history of
smoking, and those who were not on asthma control-
ler therapies, 720 adult individuals with asthma were
approached. Of these, only 287 patients met our inclu-
sion criteria and were included in the final analysis
(Fig. 1).

The mean®SD age and BMI of our study population
were 44+13 years and 29+7.2 kg/m? respectively. The
meantSD scores of anxiety, depression, asthma control
and adherence to inhaler were 4.8+5, 4.5+5, 18.0+5, and
44+5.3, respectively. Some other demographic and clini-
cal characteristics of the study participants are described
in Table 1. Further details can be found in the supple-
mentary file.

The prevalence of asthma control, symptoms of anxiety
and depression, and adherence to inhaler use

We found that 78 (27.2%, 95% CI: 22.1 to 32.7) of our
study population had symptoms of anxiety, while 60
(20.9%, 95% CI: 16.3 to 26.1) reported depressive symp-
toms (Table 2). Then, the 5-point questionnaire of the
ACT tool was used to assess asthma control among our
study participants. Asthma symptoms were uncontrolled
in 65 (22.7%, 95% CI: 17.9 to 27.9) subjects (Table 2).
Next, we investigated whether the patients were adherent
to inhaler use and found that half of our study population
(49.8%, 95% CI: 43.8 to 55.7) was poorly adherent to their
inhaler use (Table 2).

The association of symptoms of anxiety and depression
with asthma control and adherence to inhaled therapy use
Pearson correlation analyses were performed to deter-
mine whether symptoms of anxiety and depression are
associated with asthma control and adherence to inhaled
asthma medications. Our results showed that anxiety was
negatively associated with asthma control (r = -0.29, p <
0.0001) (Fig. 2A) and adherence to inhaler use (r = —-0.32,
p < 0.0001) (Fig. 2C). Similarly, we found negative asso-
ciations of depression with asthma control (r = -0.32,
p < 0.0001) and adherence to inhaler use (r = -0.32, p <
0.0001) (Fig. 2B-D).

Next, univariate and multivariate regression models
were performed to assess the associations of adherence
to inhaler use and asthma control with both anxiety and
depression (Table 3). A unit change (a 1-point increase)
in adherence to inhaler use was associated with a
decrease in both anxiety and depression symptoms ([:
-0.33; 95% CI: -0.45 to -0.22; p < 0.001 and f: -0.35; 95%
CI: -0.47 to -0.23; p <0.001, respectively) (Table 3). These
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associations remained the same even after adjusting for
age, sex, and BMI. As shown in Table 3, negative asso-
ciations of asthma control were also observed with both
anxiety and depressive symptoms, even after adjusting for
confounders. These findings indicate that the more likely
patients with asthma adhere to the use of their inhalers
or have well controlled asthma symptoms, the less likely
they experience anxiety and depressive symptoms.

The impact of poor asthma control and nonadherence to
inhaled controller medications on anxiety and depressive
symptoms

We next assessed the extent to which poor asthma
control and nonadherence to the use of asthma con-
troller medications impact levels of anxiety and depres-
sion among the participants. The means of anxiety and
depression in patients with well-controlled asthma
were 3.310.38 and 3.1+£0.37 HADS scores, respec-
tively (Fig. 3A and B). We found that the levels of both
anxiety and depression were significantly higher in asth-
matic patients with uncontrolled asthma (5.4%£0.49 and
4.8+0.45 HADS score, respectively) compared with
patients with well-controlled asthma (p <0.0001 for both)
(Fig. 3A and B).

We then found that the mean anxiety and depres-
sion among patients with good adherence to inhaler use
were 2.5+0.48 and 2.9+0.45 HADS scores, respectively
(Fig. 3C and D). In patients with poor adherence to
inhaler use, the anxiety and depression levels were found
to be greater (6.11+0.48 and 5.6+0.48 HADS score) com-
pared to the good adherence to inhaler use group (Fig. 3C
and D). These findings suggest that asthmatic patients
with poor asthma control and low adherence to inhalers
are more likely to report increased levels of anxiety and
depressive symptoms.

Next, subjects were classified into two groups based
on the levels of anxiety and depression and then level of
adherence to inhalers and asthma control were assessed.
The means of adherence to inhalers and asthma control
levels in nonanxious group were 45+0.33 and 19+0.34,
respectively and were significantly reduced in anxious
group with asthma (42+0.68 and 16%0.55, respectively,
P<0.0001 for both) (Fig. 4A and B). Similarly, adher-
ence to inhalers and asthma control levels were signifi-
cantly lower in depressed patients with asthma 41+0.84
and 15+0.66, respectively compared with nondepressed
group (45%0.31 and 19+0.32, respectively, P<0.0001 for
both) (Fig. 4C and D).

Discussion

Our main findings demonstrated that poor adher-
ence to inhaler use was highly prevalent (49.8%) among
patients with asthma. In addition, we showed that there
are negative associations of symptoms of anxiety and
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Eligibility:

>18 years old

Nonsmoker

Diagnosed with asthma

On inhaled corticosteroid (ICS) with or without long-
acting beta-agonist

Excluding patients under 18 years
old (n = 272)

Excluding subjects who smoke
(n=164)

Excluding subjects who did not
wish to participate in the study,
could not complete the study
and were not on ICS with or
without LABA (n =433)

Fig. 1 Flow chart of the study

depression with poor asthma control and nonadherence
to medications. More importantly, it was demonstrated
that levels of anxiety and depression were increased in
a dose-dependent manner in patients with uncontrolled
asthma as well as those with poor adherence to therapies
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Individuals with asthma who visited
the pulmonary clinics during the study
period (n = 1156)

—_

Adults with
asthma
(n=884)

Individuals with
asthma who
were
approached (n =
720)

Patients with
asthma who
agreed to
participate in
the study and
were included in
the final
analysis
(n=287)

compared with patients with well-controlled asthma and
good adherence to therapies. These findings suggest that
asthmatic patients with anxiety and depression are more
likely to report poor adherence to inhaler use. Some of
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Table 1 Patient characteristics (n=287)

Variable Total
(n=287)
Age (years) 44+13
Female, n (%) 207 (72%)
BMI (kg/m?) 29472
Depression score (assessed using the HADS tool) 4545
Anxiety score (assessed using the HADS tool) 48+5
Adherence to Inhaler score (assessed using the TAI tool) 44+53
Asthma control score (assessed using the ACT tool) 18+5
Spirometry parameters
FEV, (% predicted) 68+20
FVC (% predicted) 80+16
PEF (% predicted) 77+23
FEF 55_s50, (% predicted) 66+29
FEV,/FVC ratio (% predicted) 76+ 16

Data are represented as the mean£SD unless otherwise stated. BMI: body
mass index: ACT: Asthma Control Test. HADS: Hospital Anxiety and Depression
Scale. TAl: Test of Adherence to Inhalers. FVC: forced vital capacity. FEV,: forced
expiratory volume in one second. FEF ,5_s,: forced expiratory flow at 25% and
75% of the pulmonary volume. PEF: peak expiratory flow

Table 2 The level of anxiety, depression, asthma control and
adherence to inhaled asthma medication among patients with
asthma (n=287)

Level of anxiety Frequency 95%
(%) Cl
Abnormal or Borderline (defined as a HADS 78 (27.2%) 22.1to

score of 8to 21) 327

Level of depression Frequency

(%)

Abnormal or Borderline (defined as a HADS 60 (20.9%) 16.3to
score of 8 to 21) 26.1
Level of asthma control Frequency

(%)

Uncontrolled (defined as an ACT score of 14 65 (22.7%) 179to
to5) 279
Level of adherence to inhaler Frequency
(%)

143 (49.8%) 438to
55.7

Abbreviations ACT: asthma control test, HADS: hospital anxiety and depression
scale, TAl: Test of Adherence to Inhalers. Cl: confidence interval

Poor adherence (defined as a TAl score of <45)

the findings reported in the current study have been pre-
sented in the form of abstracts [34].

Anxiety and depression are among the psychological
comorbidities frequently seen in asthma [19]. We have
previously reported that a low rate of screening asth-
matic patients for depression in clinical practice in Saudi
Arabia exists, mainly due to physicians’ limited knowl-
edge and poor training in identifying and managing psy-
chological comorbidities in asthma [35]. In the current
study, we found that anxiety and depression symptoms
were prevalent (27.2% and 20.9%, respectively). Although
this prevalence has not been well assessed previously in
Saudi Arabia, our findings are similar to previous stud-
ies reporting that the anxiety rate ranges globally from
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27-36% [21-23], but this range slightly differs in stud-
ies among patients with asthma, with the depression rate
being measured at between 11% and 14% [22-25]. The
differences in the prevalence of depression between the
findings observed in this study and those reported by
others can be explained by the fact that some of these
previous studies included adult and adolescent partici-
pants, and they only limited their study samples to those
with persistent asthma [22]. Despite these slight dif-
ferences in depression prevalence among patients with
asthma, symptoms of anxiety and depression are still
common. Thus, routine assessment for psychological dis-
orders is needed to prevent worsening in patients with
asthma symptoms, given that psychological disorders
are underdiagnosed in patients with chronic diseases [36,
37] and that physicians in Saudi Arabia who are in direct
contact with asthmatic patients do not usually screen for
psychological disorders [35] in the clinical setting.

Poorly controlled asthma is associated with an
increased risk of exacerbation and frequent emergency
visits [38]. Patients with uncontrolled asthma are at
high risk of developing psychological disorders, such
as depression and anxiety [39]. In the current study, we
found that 22.7% of asthmatic patients had poorly con-
trolled asthma. Although the majority of our study popu-
lation had well or partially controlled asthma, we found
a negative association between asthma control and anxi-
ety and depression among them. More importantly, the
levels of both depression and anxiety were found to be
higher in patients with poorly controlled asthma than
in those with well-controlled asthma. These findings are
supported by previous studies showing that anxiety and/
or depressive symptoms in asthma patients are associ-
ated with poor asthma control [40, 41] and impaired
health-related quality of life [41]. Our findings, together
with these observations, highlight the need for appropri-
ate assessments for these comorbid conditions, which
may help to reduce anxiety and enhance quality of life.

There is evidence to show that psychological disor-
ders in asthma patients are also linked to serious clini-
cal outcomes [40], higher use of rescue inhalers [42], and
poor adherence to medications [43]. Our finding of poor
adherence to inhaler use (49.8%) among the participants
in the current study is consistent with previous studies
demonstrating that from 30-70% of patients with asthma
adhere poorly to asthma medications [10]. Although the
exact reasons for patient nonadherence to medication,
especially in patients with asthma, are unclear, the use of
multiple inhaler devices has been previously reported to
play a role in inducing low levels of adherence to medica-
tion in patients with COPD [44]. Several factors, such as
forgetfulness, lack of knowledge or conscious decision-
making, may contribute to poor levels of adherence to
medication in patients with chronic lung diseases [45].
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Fig. 2 The association of symptoms of anxiety and depression with asthma control and adherence to inhaler use among patients with asthma. The
asthma control test (ACT) was used to assess the levels of asthma control. The levels of adherence to inhaler use were assessed using the Test of Adher-
ence to Inhalers (TAI) tool. Anxiety and depression were assessed using the hospital anxiety and depression scale (HADS)

Table 3 An analysis of the associations of anxiety and
depression with adherence to inhaler use and asthma control
Dependent variable: Anxiety

B(95%Cl) *Adjusted Pvalue
B (95% Cl)
Adherence to inhaler use- per 1 -0.33(-045 -034(-046 <0.001
score t0-0.22) t0-0.22)
Asthma control- per 1 score -0.28(-039 -0.25(-036  <0.001
t0-0.17) t0-0.14)
Dependent variable: Depression
B(95%Cl) *Adjusted Pvalue
B (95% CI)
Adherence to inhaler use— per 1 -0.35(-047 -036(-048 <0.001
score t0-0.23) to-0.24)
Asthma control- per 1 score -0.32(-043 -0.29(-040 <0.001
to-0.21) t0-0.18)

*Adjusted for age, sex, and body mass index

It should be noted that our findings demonstrated a
negative association between symptoms of anxiety and
depression and levels of adherence to medication in
adults with asthma. This is supported by previous studies
reporting that the presence of anxiety and depression can
influence adherence to medication in children and elderly
individuals with asthma [43, 46]. Furthermore, this is

further strengthened by the fact that levels of anxiety and
depression in the current study were increased in people
with poor adherence to inhaled therapies compared with
good adherence levels, suggesting that symptoms of anxi-
ety and depression are likely to increase when asthma is
not well controlled, as well as in asthmatic patients who
are poorly adherent to the use of their inhalers. Taken
together with these observations, our findings suggest
that poor control of asthma symptoms and nonadher-
ence to the use of controller therapies are associated
with the presence of psychological disorders in patients
with asthma. Thus, early recognition of nonadherence
to therapies, as well as identifying the exact type of non-
compliance by implementing optimal patient education
programs, are needed to apply the right corrective mea-
sures to improve levels of adherence, thereby leading to
improvement in asthma symptoms and overall quality of
life.

Strengths and limitations

This study has several strengths. This is the first study to
determine the levels of adherence among Saudi patients
with asthma to medications, particularly concerning
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Fig. 3 The impact of poor asthma control and nonadherence to asthma controller use on anxiety and depression levels among patients with asthma. Pa-
tients were divided into three groups based on the levels of asthma control: uncontrolled (an asthma control test (ACT) score of 14 to 5, n=131), partially
controlled (an ACT score of 19to 15, n=91), and fully controlled (an ACT score of 20 to 25, n=65). Then, the levels of anxiety and depression were assessed
using the hospital anxiety and depression scale (HADS) (A and B). Patients were also classified into three groups based on their level of adherence to in-
haler use: good (a Test of Adherence to Inhalers (TAI) score of 50, n=59), intermediate (a TAl score of 46 to 49, n=85), and poor (a TAl score of <45, n=143)
before levels of anxiety and depression were determined (C and D). The bars represent the standard errors of the mean. *P<0.05, **P < 0.01, ***P < 0.001,
***%p < 0.0001 compared with the control; +P<0.05, ++P < 0.01 compared with partially controlled asthma/intermediate adherence to medication

asthma maintenance inhaler use, and assess the impact
of nonadherence levels to inhaled therapies on anxiety
and depression. In the present study, we only included
patients with a multidisciplinary team-confirmed diag-
nosis of asthma based on current internationally and
nationally accepted criteria. Smokers with asthma were
excluded from this study due to the difficulty in separat-
ing asthma from COPD in smokers. It should be noted
that this study is not without limitations. First, the cross-
sectional nature of this study limits the possibility of
assessing any causality. Hence, caution should be taken
in interpreting our study findings as correlation does not
imply causation. Second, it has been reported that socio-
economic factors are associated with mental health dis-
orders [47] and poor medication adherence [48], it was
difficult in the current study to assess the socioeconomic
status of the study participants, as in Saudi society, gen-
erally, patients prefer not to declare their family income
or levels of education. Third, patient self-reporting tools
were used to assess the levels of adherence to inhaled
therapies, which may overestimate adherence to therapy
use [49]. The use of subjective methods together with
objective assessment methods (e.g., electronic moni-
toring systems and measurement of drug/metabolite

levels) should be considered in future studies to better
assess level of adherence to inhalers among patients with
asthma.

Our study has practical implications. Healthcare pro-
viders and policymakers in Saudi healthcare system
should consider the implementation of early screen-
ing for psychological comorbidities and levels of patient
adherence to therapies in primary care setting as part
of asthma assessment and management plan, consider-
ing the high prevalence of anxiety, depression, and poor
adherence to controller therapies observed in the cur-
rent study. This early intervention may eventually prevent
further worsening of asthma symptoms which require
unnecessary hospitalization as well as treatment escala-
tion (e.g., increasing the dose of ICS and LABA) to keep
asthma symptoms under control.

Conclusion

Our findings have demonstrated that symptoms of
anxiety and depression and poor adherence to asthma
medications are prevalent among patients with asthma,
and more importantly, we found a relationship between
the presence of these psychological symptoms and
poor asthma control as well as nonadherence to asthma
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Fig. 4 The impact of anxiety and depression on asthma control and ad-
herence to asthma controller among patients with asthma. Patients were
classified into two groups based on the levels of anxiety and depression
(as assessed by the Hospital Anxiety and Depression Scale (HADS). Pateints
with HADS score of 8 to 21 were considered anxious (n=78) or depressed
(n=60), and those with HADS score of 0 to 7 were considered nonanxious
(n=209) or nondepressed (n=227).Then, level of adherence to inhalers (A
and C) and asthma control (B and D) were assessed using Test of Adher-
ence to Inhalers (TAl) and Asthma Control Test (ACT), respectively. The bars
represent the standard errors of the mean. ****P<0.0001 compared with
the nonanxious or nondepressed groups

inhalers. These findings suggest that routine screen-
ing for psychological comorbidities and levels of patient
adherence to therapies and the implementation of psy-
choeducational interventions should be considered in
clinical practice to identify the presence of psychological
symptoms and optimize adherence to therapies early to
prevent unnecessary hospitalization and treatment esca-
lation. Further studies are needed to explore the effec-
tiveness of specific psychoeducational interventions and
investigate the long-term impact of early psychological
symptom detection on asthma outcomes.
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