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Background: Inhaled corticosteroids (ICS) are the backbone of and primary choice for long-term asthma control therapy; however,
the level of adherence to this regimen has not yet been investigated, particularly in the study area of Northwest Ethiopia. Therefore,
this study aimed to examine the level of adherence to ICS treatment and its impact on adults living with asthma in Northwestern
Ethiopian hospitals.
Materials and Methods: A multicenter institution-based survey was conducted in asthma patients treated with ICS-based regimens
in public hospitals in Northwest Ethiopia. Adherence to ICS was measured with the Medication Adherence Report Scale for Asthma.
Descriptive statistics were used to present respondents’ characteristics, and logistic regression was used to test associations between
predictors and outcome variables. A level of p<0.05 was used as a cut-off point for a significant association.
Results: Of a total of 422 approached subjects, 96.7% completed the survey. The mean (±SD) age of the participants was 49.82
(±16.1) years. The majority of participants (86.1%) had a low level of adherence to ICS treatment. A significant proportion (42%) of
the respondents reported that they utilized ICS only before performing exercises that made them breathless. Around two-fifths of the
participants used ICS either when they needed it or when they felt breathless. Furthermore, one-third of the study subjects reported that
they either avoided or forgot to take ICS. Participants who had access to free healthcare services had better adherence to ICS (p=0.01),
and non-adherence to ICS therapy was significantly associated with poor levels of asthma control (p≤0.001).
Conclusion: This study found that adult patients with asthma had low levels of adherence to ICS therapy. Future prospective research
in a larger population, focusing on identifying the obstacles to ICS adherence in patients living with asthma and creating successful
intervention options, is recommended.
Keywords: adherence, asthma control, inhaled corticosteroid, hospitals, Ethiopia

Introduction
Asthma is the leading cause of chronic inflammatory airway diseases, characterized as restricted airflow followed by
wheezing, shortness of breath, chest tightness, and cough, which affects daily activities.1 In 2018, the World Health
Organization (WHO) reported that over 339 million people were affected by asthma.2,3 In Africa, in the past two
decades, asthma has increased significantly, from 74.4 to 119.3 million.4 Similarly, in sub-Saharan African countries, and
specifically in Ethiopia, the prevalence rate ranged from 10.2% to 13%.5 Asthma contributes to significant levels of
disabilities in millions of people in all age groups; this burden has continued for years and has remained unchanged since
1990,2 resulting in thousands of deaths per annum.6 The rate of hospital admissions has been increasing, and is associated
with severe attacks, poor disease management, and poverty.4 Lack of optimum management results in disease progres-
sion, depreciation in the quality of life, increased healthcare costs, and frequent deaths outside hospital.4,7
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Although asthma leads to several complications, it can be controlled with long-term antiasthma medications, such as
anti-inflammatory agents. Hence, patients’ adherence to their medications is very important and crucial.8 The prevalence
of non-adherence to inhaled corticosteroids (ICS) among asthma patients in both industrialized and developing countries
has been studied in different regions of the world. The WHO reported that the average rate of treatment adherence among
patients with chronic diseases in developed countries was about 50%,9 and in the USA it ranges from 22% to 50%.10–14

Similarly, it was suboptimal in the UK,15,16 with 65% of patients taking less than 80% of ICS and 35% of patients taking
less than 50% of ICS prescriptions. Poor adherence was also observed in Iran (55%),17 Egypt (21%),18 and Kuwait
(17.4%).19 However, this level of adherence was estimated to be lower in developing countries, where access to
healthcare and medications is limited.9

As a result, measuring the adherence levels to ICS therapy in these patient groups has significant importance.
Previously, different tools have been used to measure adherence levels to ICS therapy, but each strategy has its own
set of benefits and drawbacks. Despite its limitations, hair analysis was chosen to measure adherence levels in a study on
prescribed drugs.20 Alternatively, indirect measurement of adherence can be classified as objective or subjective;
electronic medication monitoring, medication event monitoring systems (MEMS), electronic devices, medication refill
monitoring, and canister weighing are known objective techniques.21,22 On the other hand, self-report is a subjective
method for determining adherence. The use of validated scales or questionnaires to determine adherence to ICS is an
example of this strategy. Although these scales are widely used, they may overestimate true adherence. Furthermore,
these scores are susceptible to recall errors and can be influenced by poor memory.23,24 Therefore, carefully conducted
self-report measures of adherence can help identify potential problems associated with poor adherence and determine the
prevalence of adherence in patients with asthma.23

In Ethiopia, most studies have been conducted in single-center settings and few of them have focused on non-
adherence to ICS;25 these studies lack both public health and methodological significance, which our study will
potentially emphasize. Concerning the public health perspective, this study is the first of its kind to assess the level of
adherence to ICS and its impact in the study areas. Also, this study produces evidence for planning interventional
strategies, creating important clues to characterize and stratify patients at follow-up care clinics and to optimize the
therapeutic outcomes of the patients at large. In general, identifying the barriers to adherence with ICS therapy, and
measuring the relationship between adherence and level of asthma control using the Medication Adherence Rating Scale
for Asthma (MARS-A) measurement tool has meaningful importance in terms of health outcomes for patients with
asthma. Therefore, the aim of this paper was to determine the level of adherence to ICS therapy using a validated
instrument (MARS-A) in adult asthma patients in Northwestern Ethiopia. The findings from this study may be used as a
benchmark for future research in the study area.

Method
Study Design and Setting
This institution-based multicenter cross-sectional survey was conducted over a period of three consecutive months from
October to December 2021. Three public comprehensive specialized Northwestern Ethiopian hospitals, namely
University of Gondar Comprehensive Specialized Hospital (UoGCSH), Felege-Hiwot Comprehensive Specialized
Hospital (FHCSH), and Tibebe-Ghion Comprehensive Specialized Hospital (TGCSH), were included in this study.

Study Population and Sampling
Patients living with asthma and aged 18 years and above who attended for follow-up at the outpatient department of the
selected hospitals were eligible for this study. In addition, the study subjects should have received ICS therapy for past 3
months. Patients who were unable to communicate, critically ill, or admitted to inpatient departments, and those with
incomplete medical records, were excluded. Sample size was determined as per the single population proportion rules.
Owing to the lack of published articles concerning the proportion of ICS therapy of adherence in the study area, 50% of
the prevalence was considered as proportion (P). The marginal error of 5% (w=0.05) at the 95% confidence level (Z α/
2=1.96) was used and a number of about 384 participants was calculated; however, allowing for possible non-responses
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and missing data, a 10% contingency was considered, and eventually a sample size of 422 was included in the final
analysis. A systematic random sampling technique was applied to select the study subjects. According to University of
Gondar asthma ambulatory care records, on average 300 hundred asthma patients visited per month; regarding FHCSH
chest clinic records, on average 190 patients visited per month; and according to TGCSH ambulatory care records, on
average 75 patients visited per month (bearing in mind that all asthma patients would have attended for 1–3 months in all
hospitals).

Asthma patients are recommended to visit the ambulatory care clinic for a minimum of one month and a maximum of
three months. Therfore, the total numbers of patients visited the hospitals within a three month peroid had yielded a total
of 900 visits at UoGCSH, 570 at FHCSH, and 225 at TGCSH hospitals, and the overall number of patients over 3 months
in all hospitals was 1695. Finally, by proportional allocation, 224, 141, and 57 patients from UoGCSH, FHCSH, and
TGCSH, respectively, were approached to participate in the study. Taking into consideration that the sample was
collected within 3 months, this makes the sampling fraction (k-interval) 1695/422=4 (approximately). Therefore, the
initial study subject was selected by the lottery method and then study individuals were chosen as every fourth person;
their corresponding medical records were collected and relevant data were extracted. In addition, each selected
respondent was interviewed. The medical records of study subjects who met the inclusion criteria were considered and
whenever one medical record was not eligible, the next one was selected, and the same approach was followed
throughout the entire data collection procedure.

Data Collection Instruments and Procedures
After reviewing various related literature, the data collection tool was first prepared in the English language. It was then
translated into the local language (Amharic), then back-translated into English to ensure consistency. The instrument
consisted of three sections: (I) the first section included socio-demographic characteristics of the study participants; (II)
the second section contained the clinical characteristics and measurement of asthma control; and (III) the third section
contained the instrument to measure ICS treatment adherence (MARS-A). Data collectors had received training about the
aims of the study, data collection instruments and producers, and ethical issues. Relevant data were obtained by
interviewing participants and reviewing their medical records. However, if one of the available medical records was
not eligible, the next one was considered, and the same approach was followed throughout data collection. Adherence to
ICS therapy was assessed using the Medication Adherence Report Scale-Asthma (MARS-A) in a face-to-face interview.
Asthma severity was measured based on the Global Initiative Asthma Network (GIAN, 2018).26 The Asthma Control
Test (ACT) was employed in this study to measure the levels of asthma control. The tool is standardized and applicable
across populations worldwide.27 For this population, the data collectors administered the questionnaires to participants in
a questionnaire-guided interview, mitigating against such obstacles as language barriers and low literacy levels. A
separate questionnaire that collected information on the determinants of asthma control was administered. The ACT tool
is a simple test for asthmatic patients aged 12 years and above, and measures the level of asthma control. It contains five
questions on a five-point scale depicting the frequency of asthma symptoms and use of rescue medication by participants
in the previous 4 weeks. The overall score is in the range of 5 (worse control) to 25 (total control).27 Participants who
score greater than 19 are categorized as having controlled asthma, and those who score less than or equal to 19 as having
uncontrolled asthma.27

Measurement of Adherence to ICS
The MARS-A, a previously validated 10-item questionnaire, was used to measure patient adherence to ICS therapy.28

The instrument has demonstrated good internal validity, construct validity, and criterion validity in English.29 The
MARS-A was used as a self-report instrument, and showed good test–retest reliability (r=0.65, p<0.001) and internal
consistency, with acceptable levels of reliability, sensitivity, and specificity of 0.85, 0.82, and 0.69, respectively.
Responses were recorded on a five-point Likert scale (1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often, 5 = Always).
Self-reported level of adherence was reported as the average score of the 10 items (each item ranges from 1 to 5), with
patients who had a MARS-A score of ≥4.5 being categorized as having higher adherence,28 and the patients were
categorized as having high or low self-reported levels of adherence.
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Data Quality Management
The data collection instruments were prepared after reviewing similar literature, and amendments were performed by
considering local clinical settings. The face validity of the questionnaire was checked by three language experts for
clarity of the questions. Subsequently, the survey was pretested for content, design, readability, and comprehensibility in
5% of study participants, who were excluded from the final analysis. Socio-cultural adaptation was performed using
recommendations from the WHO, and changes were made based on responses. Thus, the survey was easy to understand
and respond to, while still providing accurate data. The data collectors and supervisors checked the data quality at every
point of data collection. Cronbach’s alpha was calculated for MARS-A and ACT to test the internal consistency of the
tools, and found to be α=0.90 and α=0.83, respectively.

Data Entry and Analysis
After the cleanness and consistency of the data had been checked, data were coded and entered into SPSS version 26.
Both descriptive and inferential analyses were performed. Results are presented as means (±SD) and numbers with
percentages. Univariable logistic regression was performed to determine the association between each experimental
variable and self-reported level of adherence to ICS therapy. Variables with p≤0.25 in the univariable analysis were
included in the multivariable logistic regression to see whether the predictor variable was associated with expected
outcomes.

Ethical Consideration
Ethical approval was obtained from the Institutional Review Board (IRB) of the University of Gondar (approval number
SOP/131/2021). Then, an official letter from the clinical director of each hospital was also received before the study
began in their facilities. The purpose of the study was explained to the study participants and informed consent, both
verbally and in written form, was given by the participants, indicating their willingness to participate. Participants who
were unwilling to participate in the study and those who wished to drop out at any point during the interview were
informed that they could do so without any restriction. Confidentiality was also ensured by anonymizing the collected
data. All rules and regulations were followed according to the ethical principles of the Declaration of Helsinki.

Results
Socio-Demographic and Clinical Characteristics of Participants
Of the total 422 subjects approached, 409 completed the questionnaire, resulting in a response rate of 96.7%. The mean
age (±SD) of the study participants was 49.82 (±16.1) years and most (60.1%) were female. Nearly three-quarters of the
respondents were married (71.9%) and city residents (73.3%). Significant numbers of participants used biomass as a fuel
for cooking food (88.5%) and were non-smokers (87.5%). The mean score on the ACT was 16.46 (±4.1). Out of the 409
participants, 118 (28.9%, 95% CI 24.7, 33.5) had controlled asthma and 291 (71.1%) had uncontrolled asthma (Table 1).

Level of Adherence to ICS Therapy in the Participants
The overall mean (±SD) adherence level to the ICS therapy was 3.8 (±0.81) out of 5 points (from 1 to 5) on the five-point
Likert scale. The majority of respondents (86.1%) scored low adherence to ICS therapy. A lower rate of adherence was
also noted in almost all MARS-A items. More than 45% of the participants reported that they used the ICS therapy only
when needed, with an average adherence level of 3.8 (±1.4), or only when they felt breathless [mean 3.5 (±1.1)], out of 5
points on the five-point Likert scales. Likewise, many study subjects (>30%) confessed that they tried to avoid using the
ICS therapy [mean 3.8 (±1.0)] or forgot to take it (32.5%) [mean 3.8 (±0.91)]. In addition, approximately one-quarter of
study participants had suspended taking ICS for a period (24.5%) [mean 3.9 (±1.0)]. In general, the average score for
adherence was less than 4 for the majority of the 10 items used to assess the level of adherence to ICS therapy (Table 2
and Figure 1).
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Relationship Between Overall Adherence and Participants’ Characteristics
The multivariable logistic regression model showed that participants who had received free healthcare services were 3.4
times more likely to adhere to ICS therapy (AOR=3.4, 95% CI 1.2, 5, p=0.01) (Table 3). Regarding the association
between adherence to ICS therapy and degree of asthma control, as measured by the multiple variable logistic regression,
non-adherence to ICS therapy was significantly associated with a lower degree of asthma control, by 82% compared to
adherence to therapy (AOR=0.18, 95% CI 0.09, 0.35, p≤0.001). Adherence to antiasthmatic medication was the only
predictor of asthma control identified in the multivariable logistic model (Table 4).

Table 1 Socio-Demographic and Clinical Characteristics of the Participants and Their Level of Adherence

Variables Total Sample
(N=409), n (%)

Low Adherence (n=352,
86.1%), n (%)

High Adherence (n=57,
13.9%), n (%)

Age (years) 18–34 83 (20.3) 80 (96.4) 3 (3.6)
35–64 238 (58.2) 196 (82.4) 42 (17.6)
≥65 88 (21.5) 76 (86.4) 12 (13.6)

Sex Male 163 (39.9) 138 (84.7) 25 (15.3)
Female 246 (60.1) 214 (87) 32 (13)

Residency Urban 300 (73.3) 259 (86.3) 41 (13.7)
Rural 109 (26.7) 93 (85.3) 16 (14.7)

Marital status Single 41 (10) 39 (95.1) 2 (4.9)
Married 294 (71.9) 250 (85) 44 (15)
Divorced 16 (3.0) 16 (100) 0 (0.00)

Widowed 58 (14.2) 47 (81) 11 (19)

Educational level Read and write 174 (42.6) 145 (83.3) 29 (16.7)
1st–10th grade 159 (39.3) 136 (85.5) 23 (14.5)

>10th grade 74 (18.1) 69 (93.2) 5 (6.8)

Occupation Employee 177 (44) 143 (91.1) 14 (8.9)
Housewife 112 (27.4) 92 (82.1) 20 (17.9)

Merchant 54 (13.2) 64 (86.5) 10 (13.5)

Farmer 66 (16.1) 53 (80.3) 13 (19.7)

Access to healthcare Free 83 (20.3) 62 (74.7) 21 (25.3)
Insurance 173 (42.3) 151 (87.3) 22 (12.7)
Payment 153 (37.4) 139 (90.9) 14 (9.1)

Biomass use Yes 362 (88.5) 314 (86.3) 48 (13.7)
No 47 (11.5) 38 (84.4) 7 (15.6)

Smoking Smoker 51 (12.4) 46 (90.2) 5 (9.8)
Non-smoker 358 (87.6) 306 (85.5) 52 (14.5)

Duration on ICS <1 year 93 (22.7) 83 (89.2) 10 (10.8)
1–5 years 180 (44) 154 (86.6) 26 (13.4)
5–10 years 87 (21.2) 72 (82.8) 15 (17.2)

>10 years 49 (12) 43 (87.8) 6 (12.2)

Asthma exacerbation in the past

1 year

Yes 227 (55.5) 182 (83.9) 35 (16.1)
No 192 (44.5) 170 (88.5) 22 (11.5)

Asthma-related hospitalization

in the past 1 year

Yes 136 (33.2) 116 (85.3) 20 (14.7)
No 272 (66.8) 236 (86.8) 36 (13.2)

Level of asthma control Uncontrolled 291 (86.1) 265 (91.6) 26 (8.9)

Controlled 118 (13.9) 87 (73.7) 31 (26.3)
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Discussion
To the best of the authors’ knowledge, no other authors have reported on the degree of adherence to ICS therapy in
asthmatic patients and its impacts on asthma control using the MARS-A tool for this patient group. This multicenter
institution-based survey highlighted the levels of adherence to the ICS-based regimen and its determinants in patients
with asthma treated in Northwestern Ethiopian hospitals. The adherence levels, measured with the MARS-A adherence
scale, proved that significant numbers of patients had low adherence levels to the ICS therapy. On the other hand, the
overall mean adherence score was marginally good, and only less than 15% of the patients rigorously adhered to the ICS
therapy. This level was lower compared with findings reported from other studies19,28 and a previous study conducted in
Ethiopia.25 In addition, the overall mean score for adherence to ICS therapy in the current study was also lower than
previous findings,28,29 but higher than in a study from Kuwait.19 The difference in the level of adherence to ICS therapy
may due to socio-cultural differences, with different attitudes towards medications and the use of different instruments to
measure adherence. Patients with different socio-cultural identities potentially have different levels of medication
adherence. In addition, inhalational steroids require technical administration techniques, which may lead to patients
being reluctant to undertake these procedures, especially in a population with a low educational background, resulting in
poor medication adherence.

On the MARS-A rating scale of the individual adherence assessment items, the mean level for each item was low, and
the participants’ responses were unsatisfactory on almost all items. More respondents responded that they use the ICS
medication as a back-up if their other inhalers fail, and this result was inconsistent with the findings from a published
study by Horne.29 In addition, about two-fifths of respondents admitted that they use their ICS therapy only when they
are breathless. This result was significantly higher than that reported in the previous study.29 Moreover, Williams et al
reported that non-adherence to ICS therapy was associated with lower use of emergency medications, suggesting that
these patients may have a lower perception of their need for ICS therapy owing to the milder nature of their disease. This
could be due to a lack of understanding of the nature of asthma.12 This is in line with another study, in which the
investigators reported that a greater proportion of patients with asthma believed that their asthma was acute and
episodic,30 resulting in patients being non-adherent on purpose and inadvertently.

The current study showed that a high proportion of participants chose to skip an ICS dose, which is in contrast to a
study conducted in the UK, where a lower proportion of participants reported that they tried to avoid taking their ICS.29

Table 2 Percentage of Patients Who Engaged in Each Act of Non-Adherence and the Mean Value for Each Item

Items Always,
often, or
sometimes, n (%)

Rarely,
n (%)

Never, n (%) Mean (SD)*

Use medicine only when needed 158 (38.6) 59 (14.4) 192 (46.9) 3.8 (1.4)

Use only when feel breathless 159 (38.8) 184 (45) 66 (16.1) 3.5 (1.1)

Decide to miss out on a dose 169 (40.8) 116 (28.4) 126 (30.8) 3.7 (1.0)

Trying to avoid using 140 (34.2) 146 (35.7) 123 (30.1) 3.8 (1.0)

Forget to take 133 (32.5) 150 (36.7) 126 (30.8) 3.8 (0.91)

Alter the dose 111 (27.1) 70 (17.1) 228 (55.7) 4.0 (1.2)

Stop taking for a while 102 (24.9) 168 (41.1) 139 (34) 3.9 (1.0)

Used when other treatment does not work 137 (33.4) 154 (37.7) 118 (28.9) 3.7 (1.1)

Use before something makes breathless 176 (4) 137 (33.5) 96 (23.5) 3.5 (1.2)

Take it less than instructed 98 (24) 148 (36.2) 163 (39.9) 4.0 (1.0)

Overall adherence score 3.8 (0.81)

Notes: *Indicates items score; 1=Never; 2=Rarely; 3=Sometimes; 4=Often; 5=Always.
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However, our finding revealed that a significant number of participants attempted to avoid taking their ICS. The current
study also found that the need for dose adjustment by the patient was higher than in the study by Laforest et al.29,31 A
potential reason for the higher rate of non-adherence regarding dosage in the current study may be a lower degree of
understanding of the nature of the disease and treatment, so that the participants may not perceive that they should adhere
to taking their asthmatic medications. This finding suggests that healthcare providers should be highly involved in
providing clear information for patients about the medications and the maintenance management patterns. Moreover, the
low economic status of the patients may have meant that they could not afford to cover the full dosage regimen, thus
hampering the continual availability of the medications and leading to doses being skipped. Another potential reason for
skipping ICS doses may be because of adverse effects. A previous study showed that patients’ concerns about ICS side
effects were mentioned as a reason for non-adherence to ICS.32

The current study demonstrated that a significant number of participants were involved with unintentional non-
adherence, which is inconsistent with and higher than the results of Horne and Laforest et al.29,31 This finding indicates
that a high proportion of patients were forgetting to take their medication on time. In such situations, reminder methods
should be discussed with patients.10,33 A previous study found that patients who integrated the ICS therapy use into their
daily activities had better adherence than those who used other techniques or did not use any strategy at all.34

Even though ICS is the main therapy for asthma patients, a high proportion of participants in the present study used
ICS as a back-up in case other treatments failed. However, a lower proportion of such participants was observed in the
previous literature.29 In addition, almost half of the participants in the present study used ICS before engaging in
activities that could render them breathless. This could be related to patients misunderstanding the role of control
medications such as ICS and the role of reliever therapy, such as short-acting beta-2 agonists. This suggests that
healthcare providers should provide clear information to patients regarding the medication differences and treatment
modalities.
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Another important finding of the current study is the association between different variables and levels of adherence;
it was found that there was no association between reported adherence and patient demographic factors, except for
sources of income for healthcare access, which is consistent with prior studies.29,35 Also consistent with a previous
study,36 patients who had free access to healthcare were more likely to adhere to their ICS therapy than patients who used
out-of-pocket expenses to cover their healthcare expenditures. The study may indicate that patients who pay out-of-
pocket to cover healthcare access suffer from a high burden of unplanned expenditure, and this may lead to poor
medication adherence.

In this study, the level of asthma control was suboptimal and adherence to ICS was identified as the single
independent predictor of asthma control. This result is supported by other studies.37,38 The findings of this study are
interesting because poor ICS adherence has previously been connected with negative health outcomes. Consistently with
a study conducted in Brazil,39 non-compliance with ICS medication was found to be substantially linked to poor asthma
control. However, the level of adherence to ICS therapy had no significant relationship with asthma exacerbation. In
contrast, the impact of ICS adherence on asthma exacerbations was studied in the UK,13 where non-adherence to ICS
therapy was associated with asthma exacerbation in a significant number of patients. This disparity could be due to socio-
demographic differences in the study sites as well as discrepancies in the study methodology.

In general, this research has highlighted the level of adherence to ICS therapy and factors associated with non-
adherence to ICS medication in patients with chronic asthma in Northwest Ethiopia. Non-adherence is a direct cause of
therapy failure in patients with chronic disorders. It is essential to effectively communicate with patients in order to
identify any potential individual barriers that may prevent them from engaging in successful self-management.
Furthermore, clinicians play an important role in improving drug adherence by carefully considering patients’ awareness
of the purpose of ICS therapy in asthma and emphasizing the distinction between preventer and reliever medications in
asthma management. Future research could look at the barriers to ICS adherence in a larger group of asthma patients, as
well as testing other interventions for overcoming non-adherence through longitudinal studies.

Table 3 Association Between Overall Adherence and Participants’ Characteristics

Variable Total Sample (N=409), n (%) COR (95% CI) p-
Value

AOR (95% CI) p-
Value

Age (years) 18–34 83 (20.3) 0.24 (0.06, 0.88) 0.03 0.38 (0.07, 1.91) 0.24
35–64 238 (58.2) 1.4 (0.67, 2.7) 0.38 1.7 (0.78, 3.70) 0.17
≥65 88 (21.5) 1 1

Marital status Single 41 (10) 0.22 (0.04, 1.2) 0.05 0.88 (0.11, 6.5) 0.90
Married 294 (71.9) 0.75 (0.36, 1.5) 0.44 0.75 (0.32, 1.7) 0.51

Divorced 16 (3.0) 0.99 (0.1, 1.1) 0.99 0.99 (000, 000)
Widowed 58 (14.2) 1 1

Educational level Read and write 174 (42.6) 2.7 (1.0, 7.4) 0.045 1.4 (0.44.1.9) 0.52
1st–10th grade 159 (39.3) 2.3 (0.85, 6.4) 0.10 1.9 (0.57, 5.9) 0.28

>10th grade 74 (18.1) 1 1

Occupation Government employee 157 (44) 0.39 (0.17, 0.90) 0.02 0.52 0.21
Merchant 74 (13.2) 0.63 (0.25, 1.5) 0.39 0.73 0.55
Housewife 112 (27.4) 0.88 (0.40, 0.19) 0.76 0.87 0.76

Farmer 66 (16.1) 1 1

Access to healthcare Free 83 (20.3) 3.3 (1.6) 0.001 3.4 (1.2, 5) 0.01*
Insurance 173 (42.3) 1.4 (0.7, 2.9) 0.30 0.85 (0.39, 1.8) 0.67

Payment 153 (37.4) 1

Note: *Indicates that p<0.05.
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Strengths and Limitations of the Study
The strengths of this study are that it was a real-life multicenter study, using well-validated tools to measure adherence to
ICS therapy in adult patients with asthma. The present study also has a few limitations. Owing to the nature of the data
collection, the responses depend on the honesty and faith of the respondents, which could affect the results either by
underreporting or by exaggeration. Nevertheless, the current study aimed to assess the level of adherence to ICS therapy
and its impact on asthma control among patients with asthma in selected public hospitals in Northwest Ethiopia, and it
was adequately powered and compared well with other similar studies conducted worldwide. We hope that the study will
fill the existing gap in the literature in this area.

Table 4 Determinants of Asthma Control Among Asthmatic Patients in Northwestern Ethiopia

Variables Asthma Control Status COR (95% CI) p-
Value

AOR (95% CI) p-
Value

Uncontrolled
(N=291), n (%)

Controlled (N=
118), n (%)

Age (years) 18–34 53 (63.9) 30 (36.1) 2.2 (1.11, 4.36) 0.02 1.76 (0.68, 4.56) 0.24
35–64 168 (70.6) 70 (29.4) 1.6 (0.90, 2.91) 0.10 1.31 (0.66, 2.60) 0.43

≥65 70 (79.5) 18 (20.5) 1 1

Sex Male 103 (63.2) 60 (34.6) 1.88 (1.2, 2.9) 0.004 1.68 (0.96, 2.9) 0.065
Female 188 (76.4) 58 (23.6) 1 1

Residency Rural 84 (77.1) 25 (22.9) 0.66 (0.39, 1.12) 0.11 0.82 (0.39, 1.72) 0.60
Urban 207 (69) 93 (31) 1 1

Marital
status

Single 22 (53.7) 19 (46.3) 3.7 (1.5, 9.0) 0.004 1.50 (0.41, 5.4) 0.53
Married 208 (70.7) 86 (29.3) 1.8 (0.8, 3.5) 0.11 1.14 (0.48, 2.73) 0.75

Divorced 14 (87.5) 2 (12.5) 0.61 (0.12, 3.0) 0.55 0.69 (0.12, 3.91) 0.67

Widowed 47 (81) 11 (19) 1 1

Educational

level

Read and write 137 (78.3) 38 (21.7) 0.48 (0.29, 0.77) 0.003 0.67 (0.33, 1.37) 0.26
1st–10th grade 102 (63.4) 57 (36.6) 0.71 (0.39, 1.29) 0.26 0.82 (0.41, 1.63) 0.56

>10th grade 52 (70.8) 22 (29.2) 1 1

Occupation Employee 111 (62.7) 66 (37.3) 1.85 (0.98, 3.5) 0.058 1.90 (0.75, 4.8) 0.17
Merchant 38 (70.4) 16 (29.6) 1.31 (0.58, 2.9) 0.507 1.14 (0.39, 2.92) 0.80
Housewife 92 (82.1) 20 (17.9) 0.67 (0.32, 1.42) 0.307 1.20 (0.37, 2.79) 0.95

Farmer 50 (75.8) 16 (24.2) 1 1

Access to

healthcare

Free 63 (75.9) 20 (24.1) 0.71 (0.38, 1.31) 0.28 0.71 (0.35, 1.46) 0.36
Insurance 122 (70.5) 51 (29.5) 0.94 (0.58, 1.5) 0.80 1.37 (0.77, 2.40) 0.27

Payment 106 (69.3) 47 (30.7) 1 1

Biomass use Yes 256 (70.3) 106 (29.7) 1.47 (0.7, 3.0) 0.30 1.92 (0.86, 4.32)
No 35 (77.3) 12 (22.7) 1 1

Smoking Smoker 32 (62.7) 19 (37.3) 1.55 (0.84, 2.86) 0.60 1.28 (0.63, 2.62) 0.48
Non-smoker 259 (72.3) 99 (27.7) 1 1

Duration on
ICS

<1 year 67 (72) 26 (28) 1.34 (0.59, 3.01) 0.47 1.3 (0.52, 3.26) 0.57
1–5 years 122 (67.8) 58 (32.2) 1.64 (0.78, 3.44) 0.18 1.7 (0.73, 3.94) 0.21

5–10 years 64 (73.6) 23 (26.4) 1.24 (0.54, 2.82) 0.60 1.3 (0.52, 3.33) 0.55
>10 years 38 (77.6) 11 (22.4) 1 1

Adherence Low level 265 (75.3) 87 (24.7) 0.27 (0.15, 0.48) 0.000 0.18 (0.09, 0.35) <0.001*
High level 26 (45.6) 31 (54.4) 1

Note: *Indicates that p<0.05.
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Conclusion
In the present study, there was a high overall rate of non-adherence to ICS therapy, with a lower rate of adherence to
almost all MARS-A items used to assess medication adherence in asthma patients. Patients who had free healthcare
services were more likely to adhere to their ICS therapy than patients who paid for healthcare out of pocket. The level of
asthma control in this study was suboptimal, and non-adherence to ICS therapy was identified as the single predictor of
asthma control. Future research is recommended in large populations, prospectively focusing on identifying the obstacles
to ICS adherence in patients with asthma and creating effective intervention options.
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