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Abstract

Background

Determining the status of asthma control and identifying risk factors for poor asthma control
is a key strategy for curbing the negative health impacts and the financial burden of the dis-
ease. Therefore, this review was aimed to determine the rate of asthma control and assess
the predictors of uncontrolled asthma in Ethiopia.

Methods

PubMed, Web of Science, and Google Scholar searches were performed using key

terms; “asthma, bronchial asthma, control, controlled, uncontrolled and Ethiopia” up to Octo-
ber 16, 2020. University repositories were also searched to retrieve gray literature. The
results were presented as a prevalence rate with a 95% confidence interval (Cl). Subgroup
analysis and meta-regression were performed to identify the sources of heterogeneity in the
outcomes.

Results

From 1,388 patients, based on the Global Initiative for Asthma (GINA) symptom control, the
rate of the uncontrolled asthma was 45.0% (95% CIl 34.0% - 56.0%) with a considerable het-
erogeneity between the studies; (1>: 94.55, p< 0.001). About 19.0% (95% CI 10.0% -
29.0%); (I%: 96.04, p< 0.001) of the asthma patients had a well-controlled asthma. Moreover,
36.0% (95% Cl 22.0% - 50.0%), (1%: 97.11, p< 0.001) of patients had a partly controlled
asthma. Similarly, based on the asthma control test (ACT), the rate of well-controlled
asthma was 22.0% (95% Cl 3% - 42.0%), with considerable heterogeneity between the
studies; (1%: 97.75, p< 0.001). The most frequent predictors of uncontrolled asthma were
incorrect inhalation techniques, frequent SABA use, moderate/severe persistent asthma,
history of exacerbations, presence of comorbidities, use of oral corticosteroids, and irregular
follow-up.
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Conclusion

The rate of uncontrolled asthma in Ethiopia was high. Several factors are associated with
uncontrolled asthma. Comprehensive asthma educations at each follow-up visit should be
strengthened to minimize the morbidity and the cost of uncontrolled asthma.

Background

Asthma, the commonest chronic respiratory disease is usually characterized by chronic airway
inflammation. It is a major cause of morbidity and mortality worldwide. In 2018, the World
Health Organization (WHO) estimated that there were more than 339 million people with
Asthma globally. Of these, 417,918 died within the same year, and most of the deaths were in
Low and middle-income countries (LMICs) [1].

Asthma can cause multifaceted problems that negatively affect patients, their caregivers,
and the country as a whole. It could result in work and school loss, poor quality of life, frequent
emergency visits, hospitalizations, and death [2-4]. The economic impact associated with
asthma is also stabbing. In 2016 alone, asthma was responsible for 24.8 million disability-
adjusted life-years (DALYs) globally [1]. Recent data showed that medical expenditures attrib-
utable to asthma were significantly higher. Particularly individuals with uncontrolled asthma
had up to 4.6-fold greater frequency of hospitalizations, 1.8-fold higher number of emergency
department visits, and lower productivity, as they were more likely to be unemployed, more
days absent from work and more activity limitations [5].

Asthma control and identification of risk factors for poor asthma control is a key strategy
for curbing the aforementioned adverse health outcomes and the financial burden of the dis-
ease. The Global Initiative for Asthma (GINA) defines asthma control as the degree to which
treatment has reduced the symptoms of asthma, and prevented disease exacerbations, worsen-
ing lung function, and drug side effects [6].

Studies conducted elsewhere on asthma control showed that majority of asthmatics have
suboptimal control [7-10]. Notably, the asthma control and treatment (REACT) study con-
ducted among US patients with moderate to severe asthma receiving standard asthma medica-
tions showed that asthma control was not achieved in 55% of the patients [11]. Similarly, a
study conducted in Spain reported the prevalence of uncontrolled asthma as high as 63%.
Treatment with oral corticosteroids (OCS), greater asthma severity, presence of distressing
event, living in rural areas were associated with uncontrolled asthma [12]. A study by Ghan-
name et al noted that 29% of asthmatics had suboptimal control, and respiratory infections,
concomitant diseases, animals allergy, adherence to treatment, health insurance and having
more than two children were associated with asthma control [13].

With a high prevalence of asthma (8.7%) in Ethiopia (S1 Fig in S1 Annex), there are few dis-
crete studies investigating the level of asthma control and its associated factors. In a study con-
ducted at the capital of Ethiopia, 75.8% of asthmatic patients had uncontrolled asthma. The
use of biomass fuel for cooking, longer duration of asthma, incorrect inhalation technique,
and asthma exacerbation in the last 12 months was linked with uncontrolled asthma [14]. Sim-
ilarly, Zewdie at el reported the prevalence of uncontrolled asthma to be as high as 50%. In this
study, poor knowledge about asthma, a negative attitude about asthma, moderate asthma, and
non-adherence to inhaled corticosteroids were associated with uncontrolled asthma [15].

So far, there is no aggregate data to determine the national burden of uncontrolled asthma
and its predictors. Hence, we aimed this systematic review and meta-analysis to synthesize an
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evidence for the national prevalence of uncontrolled asthma and its predictors in Ethiopia.
The finding of this study would have a valuable contribution for clinicians and policy makers
to design appropriate strategy to tackle the problems associated with poor asthma control,
which ultimately affects the quality of asthma care.

Objective

This study aimed to estimate the rate of asthma control and the predictors of uncontrolled
asthma among adult asthmatic patients in Ethiopia.

Methods

This systematic review and meta-analysis was reported by Preferred Reporting Items for Sys-
tematic reviews and Meta-analysis (PRISMA) statement guideline for systematic reviews and
meta-analysis and guided by PRISMA checKklists [16]. This review did not have a protocol and
hence not registered.

Data sources and searching strategies

Two investigators (TM and TA) independently searched electronic databases; PubMed, Web
of Science, and Google Scholar. Other sources such as Jimma and Addis Ababa University’s
digital catalogs were also explored to retrieve unpublished documents. Electronic databases
were searched using the combinations of the following key terms and Mesh terms along with
the Boolean operators (“OR, AND”): “Asthma, bronchial asthma, control, controlled, uncon-
trolled, Ethiopia”. The searching was conducted from inception to October 16, 2020. The
PubMed search detail was as follows: ((Asthma [Mesh] OR Asthma [tw] OR "bronchial asth-
ma"[tw]) AND ("Prevention and control” [Subheading] OR control [tw] OR controlled [tw] OR
uncontrolled [tw])) AND (Ethiopia [Mesh] OR Ethiopia [tw]). Manual searches were also per-
formed to find the reference lists of the selected articles. The PubMed search detail found at S3
Table in S1 Annex.

Inclusion and exclusion criteria

All available articles reporting asthma control were included. Articles reporting patients with
cardiac asthma were excluded. There were no articles that reported asthma control status in
pediatric patients.

Data extraction

A protocol for data extraction was designed by the authors and data were extracted indepen-
dently by two authors (TM and TA). Any disagreements were resolved by consensus through
discussion and by the authors (GZ and GT). Data were extracted on the name of the first
author and year of publication, place of study, study design, participants’ sociodemographic,
sample size, medication prescribed, asthma control status, and predictors of uncontrolled
asthma.

Outcomes definitions

The primary outcome of this systematic review and meta-analysis is rate of asthma control. It
was reported either as per the Global Initiative for Asthma (GINA) control definition or
Asthma control test (ACT) questionnaire. The secondary outcome was to determine the pre-
dictors for uncontrolled asthma.
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As per the GINA guideline and other literatures [6, 14], asthma symptom control was clas-
sified as well controlled, partly controlled, and uncontrolled/poorly controlled. Well-con-
trolled asthma was defined by the absence of daytime symptoms (no more than twice a week),
the absence of nighttime symptoms, no limitations in activities, and limited need for rescue
medication (not more than twice a week), and no exacerbations. Partially controlled asthma
was present when daytime symptoms or rescue medication use was present more than twice
per week and night waking or activity limitation was present in any week and exacerbations
are present one or more per year. Uncontrolled asthma was defined as the presence of any
three or more of these individual features within any week. According to the standardized self-
administered ACT [6, 17], asthma control was classified as not well-controlled and well-con-
trolled. Patients were classified as not well-controlled when the overall ACT score is less than
or 19 and well-controlled when the overall ACT score is above 20.

Assessment of quality of the studies

Two authors (GZN and GTD) independently appraised the quality of the included studies
using the AXIS tool for Cross-sectional Studies [18] and Modified Newcastle Ottawa scale [19]
for a prospective observational and case-control study. In the AXIS tool, for every correct
answer, “yes” was assigned to each of the twenty questions. Otherwise, it was assigned “no”
and not applicable (NA). The details of the quality appraisal results were found in S1 Table in
S1 Annex.

Data analysis and synthesis

We conducted a meta-analysis using OpenMetaAnalyst. Forest plots were used to estimate
pooled prevalence with a 95% confidence interval (CI) to provide a visual summary of the
data. To evaluate heterogeneity among studies, the Cochran’s Q test and I square (I?) indices
were used. A significance threshold of p < 0.05 was applied to the heterogeneity (I%). At pres-
ent heterogeneity, a random-effects model was used to compute the overall effect. A subgroup
analysis was conducted to detect the impact of geographical regions on the status of asthma
control. Meta-regression was also performed to assess the sources of the heterogeneity between
the studies. We indexed a separate national prevalence of asthma and COPD to support the
evidence (S1 and S2 Figs in S1 Annex).

Results
Study selection

The details of our search strategy were depicted in Fig 1. From all database searches, 2,582 rec-
ords were identified. Twenty-three duplicates were removed keeping 2,559 records. Moreover,
2,397 records were removed because the titles and abstracts are unrelated to the outcomes of
the review. The remaining 162 full articles were critically assessed for eligibility. Then, 151 arti-
cles were removed due to no reported outcomes of interest or asthma control. Finally, 11 full
articles were selected and included in qualitative and quantitative analysis (Fig 1).

Characteristics of the included studies

A total of 11 studies (2,501 patients, 57.06% females) were included in this systematic review
and meta-analysis. Four studies each were from Jimma [15, 20, 22, 27] and Addis Ababa [14,
23,25, 26], two from Gondar [17, 21], and one from Hosanna [24]. Nine studies [14, 17, 20~
26] were cross-sectional record review along with patients’ interview, one was a prospective
observational study [22] and the remaining one was case-control study [15].
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Fig 1. PRISMA flow diagram of the included studies.
https://doi.org/10.1371/journal.pone.0262566.9001

All the included patients were attendants of outpatient department on follow-up for
asthma. In all the studies, the minimum age was 18 years old except in a study by Zemedkun
et al [20], where the minimum age of the participants was greater than 14 years old. In ten
studies [14, 17, 20-27], the mean age of the patients was ranged from 35.1+9.4 years [24] to
54.46+10.01 years [26]. In five of the included studies [14, 17, 21-23], the mean durations of
asthma since diagnosis ranges from 11.22+9.9 years [17] to 21.9 +£12.38 years [22]. From nine
studies [14, 15, 20-24, 26, 27], 10.74% of the patients were smokers/ex-smokers. Among ten
studies [14, 15, 17, 20-23, 25-27] with 2,327 patients, 27.37% of the patients had comorbid dis-
eases. In five studies [15, 22, 23, 25, 27] with 993 patients, 32.32%, 36.86%, and 23.26% of
patients had mild, moderate, and severe persistent asthma, respectively. In studies by Tsegaye
et al [23] and Zeru et al [25], 21.74% and 13.60% of the patients had intermittent asthma,
respectively. Two studies [14, 20] reported the Spirometry results. In studies by Zemedkun et al
[20] and Gebremariam et al [14], among asthma patients who performed spirometry tests,
85.62% and 75.0% of the patients had FeV1 less than or equal to 80% predicted, respectively.
In all the included studies, at least one controller medication was prescribed (Table 1).
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Table 1. Characteristics of the included studies.

Authors, year | Study

area
Gebremariam | Addis
etal, 2017 [14]
Zemedkun Jimma
et al, 2014 [20]
Mebrahtom Gondar
etal, 2019 [21]
Abegazetal, | Gondar
2020
Kebede et al, | Jimma
2019 [17]
Zewdie et al, Jimma
2019 [15]
Fanta et al, Jimma
2016 [22]
Tsegayeetal, | Addis
2019 [23] Ababa
Dalo et al, Hosanna,
2017 [24] SNNPE
Zeru et al, Addis
2020 [25] Ababa
Weldesenbet | Addis
etal, 2018 [26] | Ababa

Study design

Cross
-sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Observational
study

Case-control

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Sample Sex (n) Age Duration of | Smoking | Comorbidity Asthma severity (n)

size Female |Male | (mean), |illness, (m) () Intermittent Persistent
years (mean), .

years Mild | Moderate | Severe

182 124 58 52+12 |20%12.7 13 28 - - - -

234 131 103 | 41.41 - 7 75 - - - -
+15.19

206 119 87 47.41 1513 13 28 - - - -
+13.207

307 170 137 | 51.77 11.22+£9.92 | - 164 - - - -
+15.40

140 78 62 47.8 - 19 30 - 34 57 49
(19-74)

242 124 118 | - - 68 47 - 75 97 67

197 113 84 41.75 21.9+£12.38 | 44 41 - 97 66 37
+15.54

230 150 80 54.3 12£9.2 33 81 50 49 92 39
+15.1

174 65 109 | 35.1% - 14 - - - - -
9.4

184 80 104 | 44.1 - - 65 25 66 54 39
+13.6

405 273 132 | 54.46 - 5 78 - - - -
+10.01

https://doi.org/10.1371/journal.pone.0262566.t001

Asthma control based on the GINA symptom control

A total of 6 studies [14, 20, 22, 23, 26, 27] were pooled, with 1,388 physician-diagnosed asthma
patients. The result indicated, 45.0% (95% CI 34.0% - 56.0%) of the patients had uncontrolled
asthma with a considerable heterogeneity between the studies; (Tau? 0.02, Q (df = 5): 91.76, I%:
94.55, p< 0.001). Given the impact of geographical location on asthma control, a subgroup
analysis was done based on the areas where the studies were actually conducted. Consequently,
the rate of uncontrolled asthma in Jimma and Addis Ababa was 44.0% (95% CI 24.0% - 65.0%;
Q (df = 2): 51.91 P< 0.001, I* = 96.15%) and 45.0% (95% CI 30.0% - 60.0%); Q (df = 2) 37.70,
P< 0.001, I” = 94.69%), respectively (Fig 2).

Meta-regression was performed with the covariates; the number of females, smoking, and
comorbidity. The result showed smoking was associated with uncontrolled asthma (regression
coefficients = 0.007 (95% CI 0.003-0.011), p< 0.001) (Fig 3).

In this meta-analysis, the rate of well-controlled asthma was 19.0% (95% CI 10.0%-29.0%);
I? = 96.04%, p<0.001. The subgroup analysis showed the rate of well-controlled asthma was
lower in Jimma; 14.0% (95% CI 2.0% - 26.0%) compared to in Addis Ababa; 25.0% (95% CI
22.0% - 28.0%)) (Fig 4).

Moreover, the data generated from six studies [14, 20, 22, 23, 26, 27] showed, 36% (95% CI
22.0% - 50.0%) of asthmatic patients had partly controlled asthma. Heterogeneity among the
studies (Q (df = 5) = 172.96, I* = 97.11%, P< 0.001) (Fig 5).

Two studies [15, 24] were reported the asthma control as well-controlled and poorly con-
trolled based on the GINA symptom control. In a study by Zewudie et al [15], 50% of the
asthma patients were assessed to have poorly controlled asthma, while, in a study by Dalo et al
[24], 56.2% of the asthma patients were assessed to have a poorly controlled asthma.
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Studies Estimate (95% C.I.) Events/Total :

Gebremariam et al 0.53 (0.46, 0.61) 97/182 ——
|

Tsegaye et al 0.50 (0.44, 0.57) 116/230 ——
|

Weldesenbet et a 0.31 (0.27, 0.36)  126/48 —Jf—
Subgroup Addis Ababa (1"2=94.69 %, P=0.00)  0.45 (0.30, 0.60) 339/817 e ———

Zemedkun et al 0.34 (0.28, 0.40) 79/234 —— |
I
Kebede et al 0.35 (0.27, 0.43) 49/140 B '
Fantaetal 0.64 (0.58, 0.71) 127/197 ; —B—

Subgroup Jimma (12=96.15 % , P=0.00) 0.44 (0.24, 0.65) TV e ——

Overall {12=94.55 % , P=0.00) 0.45 (0.34, 0.56) 594/1388 o
|
| T ' T T |
03 04 05 il 07
Proportion

Fig 2. Rate of uncontrolled asthma assessed using the GINA symptom control.

https://doi.org/10.1371/journal.pone.0262566.9002

Asthma control based on the Asthma Control Test (ACT)

The ACT tool was used in three studies [17, 21, 25] for assessing asthma control. ACT
score > 20 out of 25 total scores was used as a cut-point for well-controlled asthma. Among
697 asthma patients assessed, 22% (95% CI 3% - 42%) of the patients had well-controlled
asthma. Considerable heterogeneity was detected among the studies (I* = 97.75%, p<0.001)
(Fig 6).

The remaining 78% (95% CI 58-97%) of the patients had uncontrolled asthma (Fig 7).

A
o
© //:
(=] - e
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: O =0
£ 924 e
g © e
g =l
o /“"’
<+ | /,_
o el
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o
l l I l I I
0 10 20 30 40 50

Smoking
Fig 3. Regression plot of rate of uncontrolled asthma against smoking.

https://doi.org/10.1371/journal.pone.0262566.9003
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Studies Ectimate (95% C.I.) Events/Total |
Gebremariam et al 0.24 (0.18, 0.30) 44/182 - B
Tsegaye etal 0.23 (0.17, 0.28) 52/230 : B
Weldesenbet et al 0.27 (0.23, 0.31) 108/405 ! —B—
Subgroup Addis Ababa (1"2=0% ,P=0.46)  0.25 (0.22, 0.28) 205/817 i il
Zemedkun et al 0.04 (0.01, 0.06) o/23¢. —J— :
Kebede et al 0.19 (0.12, 0.25) 26/140 l:
Fanta et al 0.20 (0.15, 0.26) 40/197 —
Subgroup Jimma (1*2=94.96 % , P=0.00) 0.14 (0.02, 0.26) 1557 @ ————————
Overall (1*2=96.04 % , P=0.00) 0.19 (0.10, 0.29) 280/1388 —_—_—
I
T T T T T 1
0os 04 015 02 025 03
Proportion

Fig 4. Rate of well-controlled asthma assessed using the GINA symptom control.

https://doi.org/10.1371/journal.pone.0262566.9004

Predictors of the uncontrolled asthma

In this systematic review, the predictors of the uncontrolled asthma adjusted for other vari-
ables were: incorrect inhalation techniques [14, 17, 21, 27], frequent SABA use [20, 22, 23],
moderate/severe persistent asthma [15, 22, 23], history of exacerbations [14, 23, 27], comor-
bidities [22, 25, 26], use of oral corticosteroids (OCS) [20, 23], absence of regular follow-up
[17, 20], use of biofuel for cooking [14], longer duration of asthma [14], perceived control of
asthma [20], poor knowledge and negative attitude about asthma, non-adherence to inhaled
corticosteroids (ICS) [15], low monthly income [22], being in the age category of 35-64 years
[25] and cold weather [23] (Table 2).

Risk of bias

Studies were critically appraised using the AXIS tool (S1 Table in S1 Annex). Almost similar
issues were identified in the domains of the appraisal tool. In many studies, the authors did not

Studies Estimate (95% C.I.) Events/Total 1
Gebremariam et al 0.23 (0.16, 0.29) 41/182 —B— }
Tsegaye et al 0.27 (0.21, 0.33) 62/230 —— ‘
Weldesenbet et al 0.42 (0.37, 0.47) 170/405 ——
Subgroup Addis Ababa (1*2=93.07 %, P=0.00)  0.31 (0.18, 0.43) 273/817 —_—
Zemedkun et al 0.62 (0.56, 0.69) 146/234 } ——
Kebede et al 0.46 (0.38, 0.55) 65/140 ———
Fanta et al 0.15 (0.10, 0.20) 0/197 —j— ;
Subgroup Jimma (1"2=98.59 % , P=0.00) 0.41 (0,10, 0.72) U ——— e
Overall (12=97.11 % , P=0.00) 0.36 (0.22, 0.50) 514/1388 ———me———
T T T T T 1
02 03 04 E 05 07
Proportion

Fig 5. Rate of partly controlled asthma assessed using the GINA symptom control.
https://doi.org/10.1371/journal.pone.0262566.9005
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Studies Estimate (95% C.I.) Events/total :
l
Mebrahtom et al 2019 0.30 (0.23, 0.36) 61/206 ! B
Abegaz et al 2020 0.06 (0.03, 0.08) 1730 —ff— :
Zeru etal 2020 0.32 (0.25, 0.39) 59/184 : B
Overall (1*2=97.75 %, P<0.01)  0.22 (0.03, 0.42) 137/697
| - T 1
01 02 03 04

Proportion
Fig 6. The rate of well-controlled asthma assessed using the Asthma Control Test (ACT).
https://doi.org/10.1371/journal.pone.0262566.9006

address the issue of non-responders, provide information, or categorize. In some of the stud-
ies, the selection of the participants was not representative of the source populations because
convenience sampling was used, and it was not addressed how representative these samples
were to the true population. In one study [22], the sample size for the participants was not jus-
tified. In a study by Dalo et al [24], since the design was retrospective, the issues of the non-
respondents were described as “not applicable”. Two studies [15, 27] were critically appraised
using the Modified Newcastle-Ottawa Quality Assessment Scale (S2 Table in S1 Annex). The
quality of the two studies was moderate [15] and high quality [27].

Discussion

The global epidemiological transitions are responsible for the changing burden of asthma in
low and middle-income countries [28, 29]. In Ethiopia, the current national prevalence of
asthma is 8.7% (95% CI 7.4-10.1%) (S1 Fig in S1 Annex). Although this figure is lower than
the current national prevalence of COPD (18.3%) (S2 Fig in S1 Annex), it is causing a blister-
ing attack on the health care system due to its substantial morbidity, mortality and higher
health care costs [1, 30-32]. The key strategy for curbing such public health sufferings relies on
proper asthma control and the identification of population-specific risk factors for uncon-
trolled asthma. Hence, this meta-analysis and systematic review summarized the rate of
asthma control and predictors of uncontrolled asthma in Ethiopia.

Studies Estimate (95% C.I.) Events/Total :
I
Mebrahtom et al 2019 0.70 (0.64, 0.77) 145/206 B I
Abegaz et al 2020 0.94 (0.92, 0.97)  290/307 , e
Zeru etal 2020 0.68 (0.61, 0.75) 125/184 B '

Overall (1"2=97.75 %, P<0.01) ~ 0.78 (0.58, 0.97) 560/697

[ I T |
06 07 08 08
Proportion
Fig 7. The rate of uncontrolled asthma assessed using the Asthma Control Test (ACT).

https://doi.org/10.1371/journal.pone.0262566.9007
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Table 2. Diagnostic criteria and the outcomes of the studies.

Author, Years Sample | Asthma control |Diagnostic Associated factors of uncontrolled asthma
size criteria
Gebremariam et al, 182 Well controlled: | GINA symptom | Longer duration of asthma (> 30 year), incorrect inhalation technique, asthma
2017 [14] 44 control exacerbation in the last 12 months, and use of biomass fuel for cooking
Partly controlled:
41
Uncontrolled: 97
Zemedkun et al, 2014 | 234 Well controlled: 9 | GINA symptom | Unscheduled visit, Frequent inhaler SABA use, OCS use, Perceived control of asthma
[20] Partly controlled: control
146
Uncontrolled: 79
Mebrahtom et al, 206 Well controlled: | ACT Poor inhaler technique use
2019 [21] 61
Uncontrolled: 145
Abegaz et al, 2020 307 Well controlled: | ACT Not on a regular follow up and those not well competent on MDI use
[17] 17
Uncontrolled: 290
Kebede et al, 2019 140 Well controlled: | GINA symptom | Use of asthma devices improperly and the presence of asthma exacerbation in the past 12
[27] 26 control months.
Partly controlled:
65
Uncontrolled: 49
Zewudie et al, 2019 242 Well controlled: | GINA symptom | Poor knowledge towards asthma, negative attitude towards asthma, moderate and severe
[15] 121 control asthma and non-adherence to ICS.
Poorly controlled:
121
Fanta et al, 2016 [22] | 197 Well controlled: GINA symptom | Low monthly income, presence of comorbidity, moderate persistent asthma, severe
40 control asthma and use of SABA alone.
Partly controlled:
30
Uncontrolled: 127
Tsegaye et al, 2019 230 Well controlled: | GINA symptom | Cold weather, history of exacerbations in last 12 months, moderate persistent, severe
[23] 52 control persistent, the use of SABA puff with Beclomethasone, and SABA puff with
Partly controlled: Beclomethasone and Prednisolone
62
Uncontrolled: 116
Dalo etal, 2017 [24] | 174 Well controlled: | GINA symptom | There is a strong association between asthma exacerbation and occupational status and
76 control use of social drugs.
Poorly controlled:
98
Zeru et al, 2020 [25] | 184 Well controlled: | ACT Age between 35-64 years and non-respiratory comorbidities.
59
Uncontrolled: 125
Weldesenbet et al, 405 Well-controlled: | GINA symptom | Asthma patients with depression were more likely to have uncontrolled asthma
2018 [26] 109 control

Partly controlled:
170

Uncontrolled: 126

Keys: GINA: Global Initiative for Asthma, ACT: Asthma control test, SABA: Short acting bronchodilator, ICS: inhaled corticosteroid, OCS: oral corticosteroids, AOR:
adjusted odds ratio, CI: confidence interval, MDI: metered dose inhaler, SNNPE: south nation, nationality and peoples of Ethiopia, n = number.

https://doi.org/10.1371/journal.pone.0262566.t002
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This systematic review found 45.0% of uncontrolled asthma and 36.0% of partly controlled
asthma in Ethiopia. Incorrect inhalation techniques, frequent SABA use, moderate/severe per-
sistent asthma, history of exacerbations, presence of comorbidities, use of oral corticosteroids,
and irregular follow-up were associated with uncontrolled asthma. In major cities; Jimma and
Addis Ababa, the rate of uncontrolled asthma was 44.0% and 45.0%, respectively. Moreover,
the study found much worrisome figure for the rate of well-controlled asthma. It was 19.0% at
the national level, 14.0%, and 25.0%, respectively, in Jimma and Addis Ababa.

Despite the advances achieved in the development of new diagnostic tests like the fractional
exhaled nitric oxide (FeNO), new treatments like monoclonal antibodies, and the wide avail-
ability of management guidelines, asthma control remained the major clinical challenge [33].
Added to the increased prevalence of asthma in adults (8.7%; S1 Fig in S1 Annex) in Ethiopia,
the burden of uncontrolled asthma could be more throbbing to the already crippling health
system.

This meta-analysis revealed based on the GINA asthma symptom control, 45.0%, 36%, and
19.0% of the asthma patients had uncontrolled, partially controlled, and controlled asthma in
Ethiopia, respectively. Comparable findings were reported from a study done in European
countries, where the rate of uncontrolled, partially controlled and controlled asthma was
45.0%, 34.8%, and 20.0% among adults, respectively [34]. In 2016, the Centers for Disease
Control and Prevention (CDC) reported more than 60% of American adults with asthma had
uncontrolled asthma [35]. Similarly, compared to the finding of this meta-analysis, a higher
rate of uncontrolled asthma was reported in studies from France 48% [36], North Africa 50.9%
[37], and Uganda 67.0% [38]. However, lower findings were reported from Brazil 34.2% [39],
Morocco 29% [13], Japan 15.1% [40], Latin America (36.0%) [41], Saudi Arabia 38.0% [42],
Sweden 39.6% [43], Middle East and North Africa 41.5% [44] and Asia-Pacific countries
30.0% [45]. These differences could be due to the geographical location, seasonal difference,
number of the participants included, and the asthma service delivery at the institutions.

This meta-analysis also revealed a significant proportion of uncontrolled asthma in two
major cities of Ethiopia, Jimma and Addis Ababa. It is obvious that these settings are responsi-
ble to manage a majority of the refractory cases. The increased proportion of uncontrolled
asthma in these places was partly due to the presence of larger hospitals reserved for referral
services in these regions. A body of evidence also showed geographical locations and urbaniza-
tion paly a decisive role in determining the prevalence of asthma and its sensitivity to therapy
[46, 47].

Based on the asthma control test (ACT), our review showed a higher rate of uncontrolled
asthma in Ethiopia (78.0%). Similarly, a comparable finding was reported by Benkheder et al
from North Africa [37] and Laforest et al from French [48], where 71.3% and 71.0% of the
patients had uncontrolled asthma, respectively. However, in studies by Corrado et al from
Italy [49], Zhong et al from China [50], Kabengele et al from Congo [51], and Stanford from
the USA [52], relatively lower (51.3%, 55.1%, 56.0%, and 58%) of asthma patients had uncon-
trolled asthma, respectively. In Nigeria, a study reported 82.9% of the patients had uncon-
trolled asthma, even though the sample size of the study was small [53].

Several factors may contribute to poor disease control, with significant variability between
different countries [54, 55]. Identifying these factors is fundamental for improving asthma out-
comes. This systematic review revealed the most frequently reported predictors for uncon-
trolled asthma in Ethiopia were incorrect inhalation techniques, frequent SABA use,
moderate/severe asthma, comorbid diseases, a history of asthma exacerbations and irregular
follow-up.

Similarly, several studies have identified several factors associated with uncontrolled
asthma. In studies by AL-Jahdali et al from Saudi Arabia [56], Bharti Chogtu et al from India
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[57], Fusun Yildiz et al from Turkey [58] and Umoh et al from Nigeria [53], improper use of
asthma inhaler devices was associated with poorly controlled asthma. Studies from Sweden
[59], Asia-Pacific countries [45] and Germany [60] revealed the overuse of short-acting beta-2
agonists (SABA) was associated with asthma exacerbations and asthma control. Price et al
reported more than 40% of asthma patients used their reliever medications three or more
times in the previous week, which the author may judge the reason for the high levels of
uncontrolled asthma [34]. Several studies also reported patients with severe asthma [12, 61—
63], history of asthma exacerbations/hospitalizations [45, 49, 53, 61, 63, 64], who had comor-
bid diseases [13, 50-52, 65], smoking [43, 52, 66], oral corticosteroid use [12, 63], and irregular
follow-up visit [56, 67] were more likely had a higher rate of uncontrolled asthma.

Given the lack of previous attempts in producing such kind of aggregated data, the finding
could hint at the adequacy of the health care service in dealing with the problem. It also pro-
vides valuable information for clinicians to design appropriate strategies that can help to pro-
vide proper care for asthmatic patients. The finding is also crucial for pharmacy professionals
to deal with issues arising from improper use of asthma medication. Moreover, this finding
could instigate researchers to further unlock matters related to such a huge burden of uncon-
trolled asthma in the current setting.

The major limitation of this review is the measurement of asthma control using GINA
symptom control than lung function tests. This may overestimate the status of asthma control
in the current settings. Heterogeneity, lack of uniformity for measuring asthma control, the
inclusion of poor-quality study design, failure to identify specific groups with uncontrolled
asthma, the inclusion of studies limited to a few geographic locations are some of the other
shortcomings of this review.

Conclusion

The rate of uncontrolled asthma in Ethiopia is much concerning. The most frequently
reported predictors for uncontrolled asthma were; incorrect inhalation techniques, frequent
SABA use, moderate/severe asthma, comorbid diseases, a history of asthma exacerbations and
irregular follow-up visit. Revising the asthma management approaches and asthma educations
at each follow-up visit should be strengthened to minimize the morbidity of uncontrolled
asthma. Moreover, further research with a high-quality design is required to disclose the cate-
gory of patients with a high proportion of uncontrolled asthma.
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