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Abstract

Background
The exacerbation of asthma is a leading contributor to hospitalization. Information on the risk factors for
hospitalization due to exacerbated asthma will help to identify high-risk asthma patients for specialized
care. We aimed to identify the risk factors for hospitalization due to exacerbations among adult asthma
patients in a district of Sri Lanka.

Methods
A hospital-based, case‒control study was carried out on asthma patients aged ≥ 20 years. A total of 466
asthma patients (116 cases, 350 controls) were recruited from all tertiary care hospitals in the district.
The data were collected by pre-intern medical officers via a pretested interviewer-administered
questionnaire on asthma control, asthma comorbidities, risk behaviors, and physiological and
sociodemographic factors. Risk factors were evaluated using bivariate and multivariate logistic
regression. The data were analyzed using SPSS version 20.

Results
The risk factors were age ≥ 60 years (OR 2.1; 95% CI 1.2–3.7), educated G.C.E. O/level or less (OR 2.2;
95% CI 1.1–4.4), having diabetes mellitus (OR 2.0; 95% CI 1.1–3.7), having symptomatic
gastroesophageal reflux disease (GORD) (OR 3.4; 95% CI 1.8–6.4), exposure to vehicular traffic (OR 3.2;
95% CI 1.8–5.7), exposure to secondhand tobacco smoke (OR 2.1; 95% CI 1.2–3.5), having ever smoked
(OR 2.4; 95% CI 1.2–4.6), ever intubated/given ICU care (OR 3.5; 95% CI 1.5-8.0), previous
hospitalizations due to exacerbations (OR 5.5; 95% CI 2.6–11.4), having uncontrolled asthma (OR 3.4;
95% CI 1.6–7.1) and having a BMI ≥ 25 kg/m2 (OR 2.3; 95% CI 1.4-4.0).

Conclusions
Preventive strategies need to address the modifiable risk factors smoking and obesity and manage
comorbid conditions, diabetes, and symptomatic GORD appropriately in asthma patients.

Introduction
Asthma is one of the most common noncommunicable diseases and is responsible for extensive
healthcare use.1 Despite being a controllable disease, the hospitalization rate for asthma remains high
worldwide.
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Asthma is more prevalent among Sri Lankan adults compared to other South Asian countries.2 It has
been a leading cause of admissions to government hospitals in Sri Lanka over the past two decades. In
2019, asthma was the most common noncommunicable disease among hospital admissions to
government hospitals, accounting for 177,225 live discharges and 569 deaths.3 This has resulted in a
large but preventable burden on the Sri Lankan healthcare system.

Acute exacerbations of asthma requiring hospitalization often indicate poor management of the disease
and its risk factors. Research from the developed world has studied possible risk factors, such as
disease severity, inadequate clinical care, poor adherence to treatment, the presence of comorbidities,
familial factors, behavioral factors and environmental risk factors 4,5, and has shown that older age (> 45
years), female sex, increased disease severity, previous exacerbations requiring hospitalization, overuse
of beta agonists, tobacco smoke and asthma comorbidities, such as chronic rhinitis and
gastroesophageal reflux disease (GORD), are associated with hospitalizations due to exacerbated
asthma.4,6,7 However, the existing evidence from developed countries is not generalizable to Sri Lankan
asthma patients due to differences in sociodemographic background, lifestyle, and healthcare provision.

Knowledge of the risk factors for hospitalization in Sri Lankan asthma patients who remain vulnerable to
hospitalization while receiving asthma care is scarce.

A Sri Lankan study describing factors associated with severe asthma among 548 preschool children
showed that passive smoking, living in a house with a clay floor, having pet dogs at home, and frequent
consumption of tuna fish were independent risk factors for severe asthma.8 A cross-sectional analytical
study conducted among 202 adult asthma patients at the Colombo North Teaching Hospital revealed a
strong association between gastroesophageal reflux disease symptoms and asthma severity.9 The risk
factors for asthma exacerbations are likely to differ across age groups. Although a number of studies
have evaluated the risk factors for asthma,10,11 hardly any studies on asthma exacerbations requiring
hospitalization, particularly among adults with asthma in Sri Lanka, exist. In this context, we designed a
case‒control study to identify behavioral, familial, environmental and disease-related risk factors for
hospitalizations due to exacerbated asthma among adult asthma patients.

Methods
A hospital-based unmatched case‒control study was carried out from October 2018 to December 2018
in the district of Gampaha. The cases and controls were recruited from all tertiary care hospitals in the
district where patients with asthma can access both inward and follow-up care directly.

A case was defined as a person aged ≥ 20 years who was diagnosed with asthma more than one year,
who was currently hospitalized for an exacerbation at any of the selected hospitals and who resided in
the district of Gampaha for a minimum period of one year prior to the commencement of the study.
Patients with a respiratory rate > 30/min, pulse rate > 120 bpm, or O2 saturation (on air) < 90% during
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admission and who required both regular nebulization and systemic steroids on admission were
included in the study.

Patients diagnosed with other chronic respiratory diseases (e.g., chronic obstructive pulmonary disease
(COPD) or interstitial lung disease) or tuberculosis in addition to asthma, patients diagnosed with heart
failure in addition to asthma and patients who insisted on hospital admissions were excluded. Patients
were recruited when they were hospitalized due to an exacerbation of asthma at any of the selected
hospitals.

A control was defined as a person who was aged ≥ 20 years, had been diagnosed with asthma for more
than 1 year, was not hospitalized for an exacerbation during the past year and had resided in the district
of Gampaha for a minimum period of one year prior to the commencement of the study. Patients
diagnosed with other chronic respiratory diseases (e.g., chronic obstructive pulmonary disease (COPD)
or interstitial lung disease (ILD)) or tuberculosis in addition to asthma, patients diagnosed with heart
failure in addition to asthma, patients admitted to the private sector for an exacerbation during the past
year, patients who had taken treatment at the ETU and were discharged for an exacerbation during the
past year, or patients who were advised to be admitted for an exacerbation but refused during the past
year were excluded. Controls were recruited when they were presented to asthma/medical clinics in any
of the selected hospitals.

The sample size (n) was calculated using the formula for unmatched case‒control studies with multiple
controls per case.12 The sample size was calculated separately for each of the selected risk factors for
hospitalization for asthma, and the risk factor with the largest sample size was used to calculate the
sample. The odds ratios (ORs) for different risk factors and their community prevalence were based on
the available literature. The corresponding risk factor for asthma hospitalization was ‘current smoking’,
for which an odds ratio of 1.86 and 34% of clinical asthma patients were exposed to this risk factor.13

The case-to-control ratio was 1:3. The calculated sample size was 111 cases and 333 controls. After
adding 5% for nonresponse, the total required sample size was 116 cases and 350 controls.

Assessment of risk factors
An interviewer-administered questionnaire (IAQ) was designed to obtain information on potential risk
factors for hospitalization due to exacerbated asthma.

As the initial step in developing the questionnaire, a detailed literature review was performed to identify
potential risk factors, and a conceptual framework was developed. Questions in the IAQ were developed
to cover all relevant risk areas. Where appropriate, the questions used in previous studies were adapted
to suit local conditions.10,14 Relevant risk areas required to be covered by the IAQ were identified with the
help of a panel of experts in the field of asthma management.

Factors assessed in each section of the questionnaire were broadly grouped into sociodemographic
factors, factors related to the patient’s past medical history and drug history, family-related risk factors,
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lifestyle-related risk factors, occupation-related risk factors, environmental risk factors, factors related to
the level of asthma symptom control, factors related to the asthma treatment regimen, and asthma
comorbidities.

The structured IAQ was pretested among 10 cases and 10 controls before the commencement of the
study. The face and content validity of the questionnaire was assessed. Four pre-intern medical officers
were selected and trained as data collectors. Informed written consent was obtained prior to the
administration of the questionnaire. Steps were taken to minimize disturbances to the routine work of
the wards and the clinics.

Information on medical conditions and long-term medication use was verified with the medical records
of the participants. The status of tobacco smoking was assessed according to the Centers for Disease
Control (CDC) classification (never smoker, current smoker, former smoker). Lifetime smoking exposure
was defined according to the pack-year value.15 Exposure to secondhand smoke was assessed by
inquiring about household member smoking inside the household at present or during the past year.

The level of asthma symptom control was assessed using four questions to identify different levels of
asthma control (well controlled, partially controlled, or uncontrolled) based on the Global Initiative for
Asthma (GINA) guidelines on the management of asthma.16 The asthma management step was decided
based on the current asthma treatment regimen of the participants. The patients were categorized into
five treatment steps (steps 1, 2, 3, 4, and 5) according to the asthma management guidelines of the
GINA.16 The asthma treatment step for each participant was reviewed and reconfirmed by a consultant
respiratory physician. Asthmatics who were on treatment steps 1, 2 and 3 were amalgamated as ‘on low-
dose steroids’, and those who were on treatment steps 4 and 5 were amalgamated as ‘on high-dose
steroids’. Generalized obesity was categorized based on body mass index (BMI) according to the World
Health Organization (WHO) definitions for adult Asians.17 A BMI of 25 kg/m2 or more was considered to
indicate obesity.

Data analysis
Analysis of the data was performed using the Statistical Package for Social Sciences software (version
20). Bivariate analysis was performed to assess the association between each potential risk factor and
hospitalization for asthma. The significance of these associations was tested by using the chi-square
test, as each variable was converted to a categorical variable. Multiple logistic regression (MLR) analysis
was performed to identify the independent risk factors for hospitalization due to exacerbated asthma
after adjustment for all confounders. The variables that showed a significant association (p < 0.05) in the
bivariate analysis and had a cell count 10 or more in the exposed group were included in the MLR model.
Of the 20 variables that showed significant associations in the bivariate analysis, only 15 variables were
included in the MLR model, as five variables (long-term use of aspirin, long-term use of ACE inhibitors,
current smoking status, occupational exposure to solvents, and use of > 200 doses of relievers per
month) were excluded from the analysis because they had cell counts less than 10 in the exposed group.
The MLR model was estimated by performing a stepwise backward logistic regression method. The
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goodness of fit of the model was assessed by the Hosmer and Lameshow test, which supported the
model (p = 0.19).

Ethical approval to carry out the study was obtained from the Ethics Review Committee of the Faculty of
Medicine, University of Colombo, Sri Lanka.

Results
The study sample consisted of 116 asthma patients who were currently hospitalized due to exacerbation
(cases) and 350 controls diagnosed with asthma without any hospitalization due to exacerbation during
the past year. The response rate of both the cases and controls was 95%.

The majority (33%, n = 36) of cases were recruited from District General Hospital (DGH) Negombo, 27%
(n = 29) were from DGH Gampaha, 22% (n = 24) were from Teaching Hospital (TH) Ragama, and 18% (n = 
21) were from the National Hospital for Respiratory Diseases (NHRD) Welisara. The majority (30%, n = 
100) of the controls were recruited from the NHRD Welisara, 25% (n = 83) from the TH Ragama, 23% (n = 
77) from the DGH Negombo and 22% (n = 73) from the DGH Gampaha.

The sociodemographic characteristics of the study participants are shown in Table 1. The majority of
patients were aged 60–79 years, both among cases (60.9%) and controls (51.7%). The majority of the
patients (59.1%, n = 65) and controls (68.2%, n = 227) were females. Only 1.8% (n = 2) of the cases and
1.8% (n = 6) of the controls had received university or higher education. Among cases, 5.5% (n = 6) had a
monthly income less than 5,000 rupees; however, among the controls, only 4.5% had a monthly income
less than 5,000 rupees (n = 15). (Table 1). The other baseline characteristics of the study participants are
shown in Table 2.
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Table 1
Sociodemographic characteristics of the cases and controls.

Demographic and socioeconomic characteristics Cases

(n = 110)

Controls

(n = 333)

  Number Percent Number Percent

Age group (years)        

20–39 10 9.1 6 1.8

40–59 24 21.8 154 46.2

60–79 67 60.9 172 51.7

≥ 80 9 8.2 1 0.3

Sex        

Male 45 40.9 106 31.8

Female 65 59.1 227 68.2

Ethnicity        

Sinhala 98 89.1 312 93.7

Tamil 6 5.5 16 4.8

Muslim 6 5.5 5 1.5

Religion        

Buddhist 75 68.2 218 65.5

Hindu 5 4.5 9 2.7

Islam 5 4.5 6 1.8

Catholic/Christian 25 22.7 100 30.0

Highest Educational level        

No formal education 8 7.3 22 6.6

Grade 1–10 60 54.5 202 60.7

G.C.E. O/L* completed 31 28.2 45 13.5

Grade 11–12 2 1.8 24 7.2

G.C.E. A/L** completed 7 6.4 34 10.2

*General Certificate of Education Ordinary Level; ** General Certificate of Education Advanced Level



Page 8/18

Demographic and socioeconomic characteristics Cases

(n = 110)

Controls

(n = 333)

  Number Percent Number Percent

Age group (years)        

University or higher education 2 1.8 6 1.8

Monthly Income (Rupees)        

< 5,000 6 5.5 10 3.0

5,001–10,000 21 19.1 60 18.0

10,001–20,000 43 39.1 82 24.6

20,001–40,000 28 25.4 137 41.1

> 40,000 12 10.9 44 13.2

*General Certificate of Education Ordinary Level; ** General Certificate of Education Advanced Level
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Table 2
Baseline characteristics of the cases and controls.

Baseline characteristics Cases

(n = 110)

Controls

(n = 333)

  Number Percent Number Percent

Having Diabetes Mellitus        

Yes 32 29.1 58 17.4

No 78 70.9 275 82.6

Having symptomatic GORD        

Yes 36 32.7 59 17.7

No 74 67.3 274 82.3

Long term use of aspirin        

Yes 7 6.4 5 1.5

No 103 93.6 328 98.5

Long term use of ACE inhibitors        

Yes 9 8.2 5 1.5

No 101 91.8 328 98.5

First degree relative with asthma        

Yes 62 56.4 140 42.0

No 48 43.6 193 58.0

Smoking status        

Never smoker 81 73.6 295 88.6

current smoker 6 5.5 3 0.9

former smoker 23 20.9 35 10.5

Pack years of smoking        

≥ 20 pack years 10 9.1 10 3.0

< 20 pack years 100 90.9 323 97.0

Occupational exposure to solvents        

Yes 5 4.5 2 0.6
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Baseline characteristics Cases

(n = 110)

Controls

(n = 333)

  Number Percent Number Percent

Having Diabetes Mellitus        

No 105 95.5 331 99.4

Exposure to traffic        

Yes 98 89.1 255 76.6

No 12 10.9 78 23.4

Exposure to secondhand smoking        

Yes 25 22.7 48 14.4

No 85 77.3 285 85.6

Previous hospitalizations due to asthma exacerbation        

Yes 28 25.5 22 6.6

No 82 74.5 311 93.4

Ever intubated/given ICU care        

Yes 12 10.9 12 3.6

No 98 89.1 321 96.4

Level of asthma control        

Well controlled 12 10.9 107 32.1

Partially controlled 42 38.1 173 52.0

Uncontrolled 56 50.9 53 15.9

Asthma treatment step        

Step 1 4 3.6 17 5.1

Step 2 31 28.2 104 31.2

Step 3 27 24.5 144 43.2

Step 4 34 30.9 68 20.4

Step 5 14 12.7 0 0.0

Intake of > 200 doses of relievers per month    
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Baseline characteristics Cases

(n = 110)

Controls

(n = 333)

  Number Percent Number Percent

Having Diabetes Mellitus        

Yes 8 7.3 5 1.5

No 102 92.7 328 98.5

BMI category        

≥ 25 kg/m2 62 56.4 122 37.0

< 25 kg/m2 48 43.6 208 63.0

Bivariate analysis revealed that age more than 60 years, education up to GCE O/level or less, monthly
income ≤ Rs 20,000, having diabetes mellitus, having symptomatic GORD, long-term use of aspirin, long-
term use of ACE inhibitors, first degree relative to asthma, having ever smoked, being a current smoker, > 
20 pack years smoked, occupational exposure to solvents, exposure to traffic, exposure to secondhand
smoke, previous hospitalization due to asthma exacerbation, ever intubated/given ICU care, having
uncontrolled asthma, receiving high-dose steroids, intake of > 200 doses of relievers per month and
having a BMI > 25 kg/m2 were significantly (p < 0.05) associated with hospitalizations due to
exacerbated asthma. (Table 3). Independent risk factors identified by multiple logistic regression are
shown in Table 4. Independent risk factors for hospitalization due to exacerbations among adult asthma
patients were age > 60 years, education up to the GCE O/level or less, diabetes mellitus, symptomatic
GORD, ever smoking, traffic exposure, exposure to secondhand smoke, ever intubated/given ICU care,
previous hospitalizations due to asthma exacerbation, uncontrolled asthma and a BMI > 25 kg/m2.
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Table 3
Factors associated with hospitalization due to exacerbated asthma among adult asthma patients

according to bivariate analysis (level of significance = 0.05)
Variable Categories Unadjusted

OR
95% CI P

Age group ≥ 60 years 2.0 1.3–3.2 0.002

Education level ≤ G.C.E. O/Level 2.1 1.1–4.2 0.025

Monthly income ≤ Rs 20,000 2.0 1.3–3.2 0.001

Having Diabetes Mellitus Yes 1.9 1.1–3.2 0.008

Having symptomatic GORD Yes 2.2 1.3–3.6 0.001

Use of Asprin Yes 4.4 1.3–14.3 0.013

Use of ACE inhibitors Yes 5.8 1.9–17.0 0.001

First degree relative with asthma Yes 1.7 1.1–2.7 0.009

Ever smoked Yes 2.7 1.6–4.7 < 
0.001

Current smoker

Number of pack years smoked

Yes

≥ 20 pack years

6.3

3.2

1.5–25.8

1.3–7.9

0.003

0.008

Worked with solvents Yes 7.8 1.5–41.2 0.012

Exposure to traffic Yes 2.4 1.3–4.7 0.005

Exposure to secondhand smoke Yes 1.7 1.0-2.9 0.040

Previous hospitalizations due to
exacerbations

Yes 4.8 2.6–8.8 < 
0.001

Ever intubated/given ICU care Yes 3.2 1.4–7.5 0.003

Level of asthma control Not controlled1 3.8 2.0-7.3 < 
0.001

Asthma treatment step On high dose
steroids2

3.0 1.9–4.7 < 
0.001

Takes > 200 doses of relievers per
month

Yes 5.1 1.6–16.0 0.005

BMI category ≥ 25 kg/m2 2.2 1.4–
3.4

< 
0.001

1 ‘partly controlled’ and ‘uncontrolled’ were amalgamated as ‘not controlled’.

2 asthma treatment steps 4 and 5 were combined as ‘on high-dose steroids.’
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Table 4
Risk factors for hospitalization due to exacerbated asthma according to the multiple logistic regression

model for adult asthma
Predictor variable   ᵦ SE (ᵦ) Adjusted

OR
95% CI Significance

        Lower Upper

Age ≥ 60 years   0.755 0.286 2.1 1.2 3.7 0.008

Educated ≤ G.C.E. O/Level   0.814 0.348 2.2 1.1 4.4 0.019

Having Diabetes Mellitus   0.720 0.312 2.0 1.1 3.7 0.021

Having symptomatic GORD   1.233 0.318 3.4 1.8 6.4 < 0.001

Ever smoked   0.889 0.328 2.4 1.2 4.6 0.007

Exposure to traffic   1.189 0.284 3.2 1.8 5.7 < 0.001

Exposure to secondhand
smoke

  0.754 0.268 2.1 1.2 3.5 0.005

Ever intubated/given ICU
care

  1.262 0.420 3.5 1.5 8.0 0.003

Previous hospitalizations
due to exacerbations

  1.710 0.369 5.5 2.6 11.4 < 0.001

Uncontrolled asthma   1.243 0.371 3.4 1.6 7.1 0.001

BMI ≥ 25 kg/m2   0.866 0.268 2.3 1.4 4.0 0.001

Constant   -5.884 0.670        

Discussion
Multiple studies have evaluated risk factors for hospitalization due to exacerbated asthma in the
developed world. To our knowledge, this is the first study to evaluate risk factors for hospitalization due
to exacerbations among Sri Lankan asthma patients.

We identified smoking and obesity as modifiable risk factors for asthma-related hospitalizations. These
findings are supported by several previous studies 13,18, 19, 20, 21 highlighting the need to address these
risk factors in asthma patients during follow-up care.

The presence of diabetes mellitus and symptomatic GORD as comorbidities was associated with an
increased risk of asthma-related hospitalizations, which was in line with the findings of several previous
studies.9,22,23 These findings indicate the importance of maintaining good control of diabetes and GORD
symptoms among asthma patients to prevent asthma-related hospitalizations.
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Older age groups were at greater risk of asthma-related hospitalizations in the present study. Several
studies have reported that older asthma patients utilize more healthcare, including more emergency care
treatment and hospitalizations. 4,24 Even though sex was not revealed to be a risk factor for asthma-
related hospitalizations in the present study, a previous systematic review identified female sex as a
significant predictor of repeated hospital visits in asthmatic children.5

We reported that low educational attainment was a significant risk factor for asthma-related
hospitalization, which was in line with the findings of several previous studies.25,26 Previous studies have
demonstrated a greater risk of adverse asthma outcomes among individuals in low-income groups 27,28,

which might be related to their poor living conditions and underutilization of health care services. We
found a similar association only in our unadjusted analysis. However, individuals tend to under or
overestimate their income levels depending on the situation, and the self-reported average monthly
income of our participants might not reflect their actual economic status. Although family history plays a
part in the presence, severity, and triggers of asthma29, it was not a significant risk factor for asthma-
related hospitalizations in the present study.

We found that exposure to traffic and secondhand smoke in relation to the household environment
increased the risk of hospitalization due to exacerbation in asthma patients. These findings are
supported by several previous studies.30,31 Since we used a questionnaire to assess these environmental
exposures, overreporting or underreporting are potential limitations.

Previous hospitalizations due to exacerbations and ever intubated or given ICU care were significant risk
factors for asthma-related hospitalizations in the present study, which is in line with the findings of
several previous studies.4,7,32 We reported that poor asthma control was a significant risk factor for
asthma-related hospitalizations. Several studies have also identified the ‘level of asthma control’ as a
significant contributor to asthma-related health care utilization.33,34

One limitation of our study is the use of long recall periods in assessing several risk factors, such as
occupational hazards, selected long-term illnesses and lifetime smoking status. The absence of previous
hospitalizations due to exacerbations among controls during the past year was confirmed by checking
the clinic records in addition to the history given by the patient. Even though the possibility of false
identification of controls by this method is unlikely, this cannot be ruled out. We could not evaluate the
associations between certain occupational exposures and long-term use of medications for asthma
hospitalizations due to the small number of positive participants.

Conclusions
The management of modifiable risk factors such as smoking and obesity and the treatment of comorbid
conditions such as diabetes and symptomatic GORD should be integrated with the clinical management
of asthma patients. We recommend addressing these modifiable risk factors and comorbid conditions
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as a primary preventive measure for asthma-related hospitalizations. Asthma care providers could use
these findings on risk factors to flag high-risk asthma patients for the delivery of specialized care.
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