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ABSTRACT
Background and objective  Up-to-date economic burden 
of asthma in Singapore is currently unknown.
Methods  We quantify the per capita and total annual 
costs of asthma for adults and children by level of 
symptom control (uncontrolled, partly controlled, and well 
controlled) via a cross-sectional online survey administered 
to a national web panel. Participants were asked about 
healthcare utilisation, days missed from work, and reduced 
productivity due to their symptoms. These values were 
then monetised and multiplied by prevalence estimates of 
adult and child asthmatics to generate total costs.
Results  A total of 300 adults and 221 parents of children 
with asthma were included in analysis. The total annual 
cost of adult asthma was estimated to be SGD 1.74 billion 
(US$1.25 billion) with 42% coming from the uncontrolled 
group, 45% from the partly controlled group, and 13% 
from the well-controlled group. For children, the total cost 
is SGD 0.35 billion (US$0.25 billion), with 64%, 26% and 
10% coming from each group respectively. Combined, the 
annual economic burden of asthma in Singapore is SGD 
2.09 billion (US$1.50 billion) with 79% due to productivity 
losses.
Conclusion  Poorly controlled asthma imposes a 
significant economic burden. Therefore, better control 
of disease has the potential to generate not only health 
improvements, but also medical expenditure savings and 
productivity gains.

INTRODUCTION
Asthma is a major chronic respiratory disease 
characterised by inflammation and constric-
tion of the air passages.1 2 It manifests through 
recurrent attacks of symptoms, including 
shortness of breath, wheeze, chest tightness 
and cough.3 4 It affects approximately 340 
million people globally and ranks 16th as the 
leading cause of years lived with disability.4 5

Inhaled corticosteroids (ICS) are the most 
effective treatments and standard of care for 
asthma.4 6–8 ICS reduces asthma mortality 
and exacerbations while improving lung 
function and symptom control. In the Asia-
Pacific region, despite the proven efficacy of 
ICS medications,9–12 most patients continue 
to rely on reliever medications to treat acute 
symptoms, resulting in suboptimal control.4 
More than 40% of patients report at least one 
unscheduled emergency department (ED) 

visit or hospitalisation annually as a result of 
an asthma attack.2 13 Poorly managed asthma 
also generates avoidable direct costs through 
physician visits, diagnostic tests, medications 
and hospitalisations and greater indirect costs 
in the form of increased work absenteeism 
and presenteeism (ie, reduced productivity 
while at work), and in the case of a child asth-
matic, time off for parents to care for sick chil-
dren.14 15

The direct and indirect burden due to 
asthma is available for numerous countries 
but no up to date information is available for 
Singapore.13 16–22 The most recent Singapore-
based study is over two decades old and is 
likely no longer relevant due to changes 
in care pathways, costs of health services, 
and wage rates.23 We therefore quantify the 
direct and indirect costs of asthma for adults 
and children by level of symptom control 
(uncontrolled, partly controlled, and well 
controlled). The results will help employers, 
providers and policy-makers understand the 
burden imposed by asthma for adults and 
children by level of symptom control.

METHODS
A cross-sectional online survey was adminis-
tered in English to Singapore residents who 
are members of a national web panel. Partic-
ipants were recruited through email invita-
tions in early 2020 and provided with a link 
to a screener. Eligibility, as shown in online 
supplemental appendix A, required being a 
Singaporean citizen or permanent resident 
over age 21, a previous diagnosis of asthma 
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or experiencing two or more of the following symptoms 
not otherwise explained: wheezing, shortness of breath, 
cough or tightness in the chest with worsening symptoms 
at night and/or in the morning or that vary over time or in 
intensity. These criteria were adapted from the National 
Asthma Education and Prevention Program diagnostic 
guidelines in consultation with clinical experts.24

The screener identified 315 adult asthmatics (aged 
21–65) and additionally, 257 adults who are parents of 
at least one child (aged 4–20 years) with asthma who 
consented to participate. Those who completed the ques-
tionnaire were compensated by the vendor.

All respondents reported demographic information 
and monthly employment income (online supplemental 
appendix A). Participants also responded to Section A of 
the Global Initiative for Asthma (GINA) questionnaire,8 
a validated four-question instrument to measure degree 
of symptom control: frequency of symptoms, reliever use 
and inhibition in daily activities. Scoring of symptom 
control was done according to GINA recommendations: 
well controlled if responses to all questions were ‘No’, 
partly controlled if one to two responses were ‘Yes’, and 
uncontrolled if three to four responses were ‘Yes’.8

To quantify healthcare utilisation, participants were 
asked about frequency of healthcare use ‘due to your 
symptoms’ over the prior 12 months as shown in online 
supplemental appendix A. Checklists were provided 
which inquired about frequency of physician and outpa-
tient visits, medications, diagnostic tests, ED visits and 
hospitalisations. To monetise utilisation, unit costs were 
applied to each type of service based on costs collected 
through publicly available sources (online supplemental 
appendix tables C1 and C2). Only those in the labour 
force were able to generate costs for absenteeism and 
presenteeism. All costs are reported in 2020 Singapore 
dollars accompanied by the equivalent in US dollars 
(SGD 1=US$0.72).

Lost productivity was quantified using a modified 
version of the Workplace Productivity and Activity 
Impairment Questionnaire: Specific Health Problem 
v2.25 Given the episodic nature of asthma, the inves-
tigators found it more appropriate to apply a recall 
period of 1 month instead of the instrument’s original 
period of 1 week. Absenteeism was captured by having 
respondents indicate the number of hours missed from 
work due to problems associated with asthma in the 
past month. This figure was then multiplied by 11.5 to 
generate annual hours missed and monetised by multi-
plying by an hourly wage for each respondent. For full-
time employees (160+monthly hours), hourly wages were 
calculated by dividing reported monthly income by the 
sum of reported number of monthly hours worked and 
hours missed from work. Monthly income was assumed to 
be the midpoint of the reported income category or SGD 
10 500 for those who report earnings in the SGD 10 000 
or more category. For part-time employees or full-time 
employees with missing income data, hourly wages were 
estimated based on the mean hourly wage for full-time 

employees in the corresponding occupation category. If 
a mean hourly wage for full-time employees was not avail-
able for a category, missing income was estimated based 
on the mean hourly wage for full-time employees in the 
entire sample.

Presenteeism was captured by participants indicating 
the degree to which asthma symptoms affect their produc-
tivity while working on a scale of 0–10, with 0 being ‘no 
symptoms and/or symptoms had no effect on my work’ 
and 10 being ‘symptoms completely prevented me from 
working’. Monthly presenteeism hours were calculated as 
the product of a participants’ presenteeism scale response 
and their reported monthly number of hours worked.25 
This estimate was then annualised and monetised using 
an analogous approach as for absenteeism.

Surveys for parents answering on behalf of their child 
were similar except questions were framed with ‘due to 
your child’s asthma’. If a participant indicated more than 
one child with asthma, they were asked to consider only 
the oldest child. Aside from this framing, the questions 
were analogous to the adult survey, except for absen-
teeism which was captured using the Caregiver Indirect 
and Informal Care Cost Assessment Questionnaire.26 
Absenteeism costs were conservatively set to zero for 
respondents not in the labour force.

Once the data were available, logic checks were 
conducted to ensure the reported data were in plausible 
ranges and to identify any responses that seemed prob-
lematic. The resulting dataset allowed for quantifying the 
per capita direct healthcare costs and indirect costs for 
absenteeism and presenteeism separately for adults and 
children. These were then stratified by levels of symptom 
control (well controlled, partly controlled, and uncon-
trolled) to generate averaged per capita costs for each 
stratum, which could then be multiplied by the number 
of individuals within each stratum to generate total costs 
by strata. The latter figure required us to know how many 
adults and children in Singapore currently suffer from 
asthma stratified by symptom control. This could be esti-
mated by multiplying population counts for adults and 
children times the prevalence rate for asthma for each 
subgroup of interest. For healthcare costs, we applied 
population counts for all adults and children but for 
costs of lost productivity we considered only counts for 
employed adults.

The numbers of adults and children were available 
from the Singapore Department of Statistics27 and the 
employment rate was available from the Ministry of 
Manpower.28 Asthma prevalence rates were not readily 
available. For adults and children, we applied preva-
lence rates of 5.1% and 8.9%, respectively, based on two 
studies from 2004 as more recent prevalence data was 
not available.29 30 Moreover, the prevalence estimates do 
not contain information on level of symptom control. 
Therefore, we estimated the prevalence rate within each 
symptom control category by assuming the distribution 
across the three categories is the same in Singapore as it 
is among respondents to our survey.
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Patient and public involvement
The public was involved in the research only during 
the data collection stage, through invitations to take an 
online survey. They were not involved in any other parts 
of the research.

RESULTS
After removing suspect responses (see online supple-
mental appendix B), 300 adults and 221 parents of chil-
dren were included in analysis. Out of the adults, 24% 
were uncontrolled, 38% were partly controlled, and 38% 
were well controlled. For children, 45% were uncon-
trolled, 30% partly controlled and 25% well controlled. 
Using these relative values and ensuring that the sum of 
the three categories adds to the population prevalence of 
5.1% for adults and 8.9% for children yields asthma prev-
alence of 1.2%, 1.9% and 1.9% for uncontrolled, partly 

controlled, and well controlled for adults and 4.0%, 
2.7%, and 2.3%, respectively, for children.

Sample characteristics stratified by control status are 
reported in table 1. Adult participants were on average, 
36 years old, of Chinese descent (80 %), married (60 %), 
and had completed at least tertiary education (58 %). 
Parents were on average, 39 years old, predominantly 
Chinese (78 %), and had completed at least tertiary 
education (65%).

Per capita costs are presented in table  2 and online 
supplemental appendix table D. The left panel reveals 
that per capita healthcare expenditures for adults are 
SGD 3150 (US$2270), SGD 1010 (US$730) and SGD 270 
(US$190) for the uncontrolled, partly controlled and 
well-controlled groups, respectively. As shown in online 
supplemental appendix table D, the largest contributor 
to healthcare costs are medications.

Table 1  Sample characteristics by asthma control*

Adult sample (n=300) Parent sample† (n=221)

Uncontrolled 
(n=72)

Partly 
controlled
(n=114)

Well 
controlled 
(n=114)

Uncontrolled 
(n=99)

Partly 
controlled 
(n=66)

Well 
controlled 
(n=56)

Age of survey respondent 
(mean (SD))

33 (8) 37 (10) 39 (34) 37 (8) 39 (9) 43 (9)

Female (%) 32 40 50 – – –

Chinese (%) 75 79 85 84 74 73

Married (%) 69 63 50 – – –

Employment status (%)

 � Employed full time 18 34 32 7 14 7

 � Employed part time 79 57 54 72 53 57

 � Unemployed 3 9 13 19 32 34

 � Unknown – – – 2 2 2

Education level (%)

Employed full time

 � No formal education – – – 1 – –

 � Primary to junior college‡ 28 41 50 31 38 36

 � University and above 72 58 50 67 62 64

 � Unknown – 0 – 1 – –

Monthly income (%)

 � Less than $2999 14 18 33 13 20 29

 � $3000–5999 40 54 38 34 42 30

 � $6,000–9999 26 23 18 32 23 23

 � $10 000 and above 18 4 4 19 15 14

 � Prefer not to answer 1 2 6 1 – 4

*Columns may not sum up to 100 due to rounding.
†Sample characteristics are representative of the parents who responded on behalf of their children.
‡This includes junior college, the Singapore-Cambridge General Certificate of Education Advanced Level (A-Level) examination, polytechnic 
education, diplomas, vocational training, and Institute of Technical Education (ITE) education. The A-Level is a national examination held 
annually in Singapore. The examination is taken by school candidates on the completion of preuniversity education at junior colleges, 
centralised institutions, and Integrated Programmes, and is also open to private candidates. ITE is a public vocational education institution 
agency in Singapore that provides pre-employment training to secondary school graduates, and continuing education and training to 
working adults.
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The average number of asthma-related days missed 
from work per year for employed adults was 19 days, 
10 days and 2 days, respectively (online supplemental 
appendix table E.1). Monetised this translates to SGD 
4870 (US$3510), SGD 2400 (US$1730) and SGD 430 
(US$310). Presenteeism estimates were much higher. 
The mean presenteeism score reported was 6, 4 and 2, 
which translates to annual work loss valued at 62 days, 59 
days and 21 days (online supplemental appendix table 
E.1). Note that although the presenteeism score for the 
partly controlled group is one-third lower than for the 
uncontrolled group, annual work loss is only slightly 
lower because nearly twice as many in the former group 
work full time (35% vs 18%), thus generating much 
greater work loss even for the same presenteeism score. 
Monetised the work loss converts to losses of SGD 17 610 
(US$12 680), SGD 14 260 (US$10 270), and SGD 4530 
(US$3 260), respectively. Summing the three categories 
yields per capita total costs of SGD 25 630 (US$18 450), 
SGD 17 670 (US$12 720) and SGD 5230 (US$3770), for 
the uncontrolled, partly controlled and well-controlled 
groups, respectively, for those who are either fully or 
partly employed. The largest percentage of per capita 
total costs come from presenteeism at 69%, 81% and 
87%. Healthcare expenditures represent 12%, 6% 
and 5% of the total, respectively (online supplemental 
appendix table D).

The right panel of table  2 shows per capita costs 
for children. Trends are similar; children with uncon-
trolled asthma generate the highest healthcare and 

absenteeism costs and children with well-controlled 
asthma generating the lowest costs. Healthcare expen-
ditures make up the vast majority of costs for children. 
Additional details are included in online supplemental 
appendix table D.

Adult residents in Singapore total 3 193 502 and child 
residents total 627 923. The percentage of adults or 
parents employed either full or part time is 69%. Multi-
plying these counts times the asthma prevalence esti-
mates times the per capita total costs yields total costs 
among adult asthmatics of SGD 0.73 billion (US$0.53 
billion), SGD 0.78 billion (US$0.56 billion) and SGD 
0.23 billion (US$0.17 billion) for the uncontrolled, partly 
controlled and well-controlled asthma groups (table 3). 
Aggregating across the three groups results in a total cost 
of adult asthma of SGD 1.74 billion (US$1.25 billion) 
with 42% coming from the uncontrolled group, 45% 
from the partly controlled group and 13% from the well-
controlled group.

For children, total costs are SGD 0.22 billion (US$0.16 
billion), SGD 0.09 billion (US$0.06 billion) and SGD 
0.03 billion (US$0.02 billion), respectively (table  3). 
Summing across groups yields a total cost of SGD 0.35 
billion (US$0.25 billion) for child asthma, with 64% 
coming from those with uncontrolled asthma, 26% 
from partly controlled and 10% from the well-controlled 
group. Aggregating costs for adults and children reveals 
that the total annual economic burden of asthma in 
Singapore is SGD 2.09 billion (US$1.50 billion), with 
46% coming from those with uncontrolled asthma, and 

Table 2  Per capita costs by asthma control (SGD) for employed residents

Per capita costs (SD)

Adults Children

Uncontrolled
Partly 
controlled

Well 
controlled Uncontrolled

Partly 
controlled

Well 
controlled

Healthcare* $3150
(3930)

$1010
(1870)

$270
(860)

$6000
(7410)

$3680
(5290)

$1430
(5020)

Absenteeism $4870
(12 610)

$2400
(3820)

$430
(1150)

$4110
(5110)

$2610
(3920)

$1330
(2050)

Presenteeism $17 610
(18 150)

$14 260
(15 360)

$4530
(8360)

Total $25 630
(25 000)

$17 670
(17 450)

$5230
(8750)

$10 110
(9050)

$6290
(7330)

$2760
(6250)

*Healthcare costs per capita are assumed to be identical for individuals employed and unemployed.

Table 3  Total cost of asthma in Singapore by asthma control*†

Cost of asthma (SGD, billions)

Uncontrolled Partly controlled Well controlled Total

Adults $0.73 $0.78 $0.23 $1.74

Children $0.22 $0.09 $0.03 $0.35

Total $0.95 $0.87 $0.26 $2.09

*Numbers may not add up due to rounding.
†Total productivity costs are multiplied by the employment rate in Singapore before adding the total healthcare costs to adjust for those 
unemployed.
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only 13% from those with well-controlled asthma. Chil-
dren are responsible for 17% of the total.

DISCUSSION
This study quantified the economic burden of asthma in 
Singapore by level of symptom control. These costs are 
substantial, totaling SGD 2.09 billion (US$1.50 billion) 
annually, with 79% of coming from lost productivity. 
These costs mainly come from presenteeism, as results 
reveal that those with asthma tend to come to work but 
perform below their potential due to their symptoms. 
Moreover, although they represent only 29% of the total 
asthma group, the uncontrolled group is responsible 
for 46% of total costs, whereas the 35% of the asthma 
population that is well controlled represent only 13% of 
the total. As a result, if all those with suboptimal control 
could be improved to well-controlled without cost, the 
total cost of asthma would be reduced by SGD 1.35 billion 
(US$0.97 billion). Although greater control would come 
at a cost, many of the asthma control interventions, 
including national asthma programmes,31 32 ICS medica-
tions, newer biological treatments33 and bronchial ther-
moplasty34 35 have been shown to be cost effective.4 36 Our 
results further show the potential for cost savings given 
the high medical cost and productivity burden among 
those with poor control.

Our results are in line with prior estimates. We find that 
87% of our sample has uncontrolled or partly controlled 
asthma, which is identical to that reported in a prior study 
in Singapore.37 We estimate annual asthma per capita 
healthcare costs across all symptom groups at SGD 1290 
(US$930). Consistent with Singapore being a low-cost 
provider of health services, this estimate is below that of 
Switzerland (Swiss Health Consumer Price Index (CPI): 
http://www.​oecd.​org/​sdd; exchange rate: CHF 1=SGD 
1.47) (SGD 2603), USA (USA Medical Care CPI: https://​
fred.​stlouisfed.​org/​series/​CPIMEDSL; exchange rate: 
US$1=SGD 1.38) (SGD 2021), and Hong Kong (Hong 
Kong CPI: https://​data.​worldbank.​org/​indicator/​FP.​
CPI.​TOTL?​locations=​HK; costs were in US$) (SGD 
1957) after accounting for inflation and converting 
to SGD.13 17 38 For absenteeism, our sample reports an 
average of 6.6 hours missed over the past month, which 
is roughly half of the 13.6 hours average reported in a 
study of six countries.39 Our respondents also report an 
average score of 4 on the presenteeism scale, just one 
unit above the average score from the same international 
study (4 vs 3).39

This study is not without limitations. A primary limita-
tion is the potential for selection bias of the survey 
respondents. The survey relies on a convenience sample 
of asthma participants (and their parents) from an 
online panel and there is no way to determine whether 
those who chose to participate are representative of indi-
viduals with asthma in the broader community. Because 
the survey relies on self-report, it is also prone to recall 
and self (and parent)-report bias. Also, although we were 

able to quantify per capita and total medical costs, we 
did not assess whether these costs are paid by govern-
ment, private insurance, out of pocket or other sources. 
Future studies should validate these results with utilisa-
tion or claims data from other sources and identify the 
percentage of costs that are funded by various payers.

Because we do not have asthma prevalence data by race 
or socioeconomic status, we also assume there are no 
differences by these factors in the use of health services. 
Yet, in Singapore, Malay asthmatics have higher health-
care utilisation40 and greater work impairment.41 They are 
also under-represented in the online panel, suggesting 
an additional source of potential bias. The analysis is 
also limited by use of dated statistics and imputation to 
generate current asthma prevalence by level of symptom 
control, by excluding those below age 4 and over age 65, 
and by not including caregiver costs for those who may 
take care of adult asthmatics. For all of these reasons, our 
prevalence, unit cost and total cost estimates are poten-
tially biased and associated with high variability that 
could not be properly estimated. Rather than attempt 
to incorporate this uncertainty into the analysis, we note 
that even if our figures are off by an order of magnitude, 
more precise estimates will not change the conclusion 
that asthma imposes a significant economic burden in 
Singapore and that the potential exists to reduce the 
burden through effective policies and treatments.
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