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Abstract
Background Chronic obstructive pulmonary disease (COPD) requires long-term pharmacological and non-pharmacological 
management that encompasses continuous economic burden on patients and society, and also results in productivity losses 
due to compromised quality of life. Among working-age patients, COPD is the 11th leading cause of work productivity loss.
Objective The aim of this study was to assess the economic burden of COPD in Malaysia, including direct costs for the 
management of COPD and indirect costs due to productivity losses for COPD patients.
Methodology Overall, 150 patients with an established diagnosis of COPD were followed-up for a period of 1 year from 
August 2018 to August 2019. An activity-based costing, ‘bottom-up’ approach was used to calculate direct costs, while 
indirect costs of patients were assessed using the Work Productivity and Activity Impairment Questionnaire.
Results The mean annual per-patient direct cost for the management of COPD was calculated as US$506.92. The mean 
annual costs per patient in the management phase, emergency department visits, and hospital admissions were reported 
as US$395.65, US$86.4, and US$297.79, respectively; 31.66% of COPD patients visited the emergency department and 
42.47% of COPD patients were admitted to the hospital due to exacerbation. The annual mean indirect cost per patient 
was calculated as US$1699.76. Productivity losses at the workplace were reported as 31.87% and activity limitations were 
reported as 17.42%.
Conclusion Drugs and consumables costs were the main cost-driving factors in the management of COPD. The higher ratio 
of indirect cost to direct medical costs shows that therapeutic interventions aimed to prevent work productivity losses may 
reduce the economic burden of COPD.
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Key Points for Decision Makers 

The mean annual per-patient direct and indirect costs 
for the management of chronic obstructive pulmonary 
disease (COPD) were calculated as US$506.92 and 
US$1699.76, respectively.

The mean annual costs per patient in the manage-
ment phase, emergency department visits, and hospital 
admissions were reported as US$395.65, US$86.4, and 
US$297.79, respectively.

In COPD patients, the mean annual rate of outpatient 
visits, emergency department visits, and hospital admis-
sions were calculated as 2.12, 0.37, and 0.87 visits per 
patient, respectively.

In COPD patients, productivity losses at the workplace 
were reported as 31.87% and activity limitations were 
reported as 17.42%.

http://crossmark.crossref.org/dialog/?doi=10.1007/s41669-020-00214-x&domain=pdf
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1 Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic 
respiratory disorder characterized by persistent and progres-
sive airflow obstruction, affecting 6–10% of adults world-
wide [1]. In the Asia–Pacific region, the prevalence of 
COPD was estimated as 6.2%, among which one-fifth were 
experiencing severe or very severe COPD [2]. The World 
Health Organization (WHO) estimated that COPD preva-
lence will increase threefold in Asia, compared with the rest 
of world, until 2020 [3]. In Malaysia, approximately 448,000 
cases were reported in 2010, with an estimated burden of 
Malaysian ringgit (MYR) 2.8 billion [4]. A 2012 Interna-
tional Tobacco Control Malaysia report reported a drastic 
increase in smoking in adult males (46.4%) and a slight 
increase in females (1.6%), which may result in an increase 
in the prevalence of COPD in Malaysia [5, 6]. COPD is the 
third major cause of morbidity and fifth leading cause of 
mortality worldwide [3]. The mortality burden of COPD is 
expected to rise to 8.6% by 2030 [7].

Preliminary evidence on COPD seems to suggest that 
this chronic condition is associated with a high economic 
burden. In 2012, COPD patients incurred approximately 
14% higher costs than non-COPD patients [8]. The direct 
cost of management of COPD varies from 35 to 75% of 
the total cost among different countries [9, 10]. COPD also 
results in significant economic burden to both the patient 
and society, resulting from productivity losses due to com-
promised quality of life, early retirement, and disability 
pension [11]. Among working-age patients, COPD is the 
eleventh leading cause of work productivity loss and is 
expected to be the seventh leading cause until 2030 [12]. 
In the US and UK, approximately 40–60% of patients diag-
nosed with COPD were of working age [13]. Employees 
diagnosed with COPD show a higher absenteeism rate and 
compromised work performance at the working place com-
pared with those without COPD or employees with other 
chronic conditions, i.e. asthma and cardiovascular diseases 
[14, 15]. The monthly per capita income of COPD patients 
was reported to be approximately 34.1% less than healthy 
workers due to absenteeism from the workplace [16]. COPD 
patients missed an average of 150 days per year from work 
and an average of 1.47 years of work due to early retire-
ment; one-third of the family income was associated with 
the management of COPD [17]. Work productivity loss and 
absenteeism affects the national economy. Indirect costs due 
to work loss and early retirement range between 20 and 69% 
of the total economic burden of COPD depending on the 
social security policies of the countries [18].

Economic burden due to COPD varies substantially 
from country to country due to differences in the cost of 
medicines, resources utilized, labour costs related to health 

policies, and specialized management policies [9]. It requires 
years of continuous pharmacological and non-pharmacologi-
cal treatment, as well as specialist staff for better supervision 
of patients, which encompasses continuous economic burden 
on patients [19].

Most of the research on the pharmacoeconomics of COPD 
comes from Europe and the US [9, 18]. Despite being a 
major health problem, existing data on the economic burden 
of COPD in Malaysia are limited. The Malaysian healthcare 
system is mostly financed by the government, without any 
burden on patients [20]. Assessing the cost of the management 
of COPD in a public hospital can help policy makers and gov-
ernment agencies with cost-efficient allocation of resources 
for the management of disease, and to find the key cost drivers 
and possible cost reduction areas in a cost-conscious envi-
ronment. Moreover, the information and assumption of costs 
have focused on direct patient-related costs because indirect 
costs are mostly not available due to difficulties in identifying, 
measuring, and valuing. Neglecting indirect costs can result in 
underestimation of the exact economic burden of COPD [21, 
22]. Thus, the objective of the current research was to assess 
the economic burden of COPD in Malaysia, including direct 
costs for the management of COPD and indirect costs due to 
productivity losses of COPD patients.

2  Methodology

This study was part of a prospective cohort that included 
patients from the main public hospital of Penang, Malaysia. 
Overall, 150 patients with an established diagnosis of COPD 
who attended the outpatient chest clinic for the management 
of stable disease, and/or who were rushed to the emergency 
department (ED) and/or admitted to the ward due to exacer-
bation in hospital, during May 2018 to August 2019, were 
included in this study (3 months for recruitment and 1-year 
follow-up). The data relating to cost were collected at every 
scheduled and unscheduled visit. The attributable cost of 
COPD was calculated as the sum of all amounts related to 
COPD events and COPD-related medicines. Malaysian 
official cost tariffs were used for cost calculations [23]. All 
costs were calculated in MYR and converted to 2019 US$ 
(1 US$ = 4.13 MYR on 18 September 2019) [24].

The inclusion criterion has been discussed elsewhere (pub-
lication under review). In brief, patients with a confirmed diag-
nosis of COPD [post-bronchodilator forced expiratory volume 
in 1 s  (FEV1)/forced vital capacity (FVC) < 0.70] and having 
an outpatient record of a minimum of 1 year were included in 
the study.  FEV1 percentage predicted values were calculated 
based on reference values from the Global Lung Function Ini-
tiative [25], while the severity of COPD was defined based on 
the GOLD 2018 classification.
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2.1  Data Collection

Data collectors were recruited for data collection and trained 
by an academic investigator. A combination of validated tools 
and a self-developed interviewer-administered questionnaire 
(electronic supplementary material) was used to gather infor-
mation regarding demographic data, social status, employ-
ment status, respiratory symptoms, exacerbation frequency, 
comorbidities [according to the Charlson Comorbidity Index 
(CCI)], healthcare resource utilization, and indirect cost of 
patients. Indirect cost was assessed using the Work Produc-
tivity and Activity Impairment Questionnaire: COPD-specific 
V2.0 (WPAI-COPD). Spirometry was also performed for 
all recruited patients at every visit, according to the Ameri-
can Thoracic Society’s guidelines. The study protocol was 
approved by the National Medical Research Register, Malay-
sia, and the clinical research centre of the relevant hospital 
(registration number: NMRR-18-1482-42075). Written 
informed consent was obtained from all participants.

2.2  Comorbidities

Information regarding medical comorbidities was obtained 
from the patient’s medical record file. The reported comor-
bidity was rated according to the CCI, which evaluates the 
comorbidity burden by weighing and summing the patient-
reported conditions (e.g. myocardial infarction, congestive 
heart failure, peripheral vascular disease, dementia, cerebro-
vascular accident, connective tissue disease, peptic ulcer, 
liver disease, diabetes mellitus, hemiplegia, chronic kidney 
disease, cancer, leukemia, lymphoma, and AIDS). A higher 
score indicates a greater comorbidity burden [26].

2.3  Direct Costs

The direct healthcare costs for the management of COPD 
were divided into maintenance costs for the ongoing care of 
patients with COPD and the additional costs for moderate 
(ED visit) or severe (hospitalization) exacerbations.

The activity-based costing (ABC) ‘bottom-up’ question-
naire was designed comprising items and resources used 
in the management of COPD. Traditional methods do not 
provide exact and accurate economic information. ABC can 
provide an accurate economic picture of the disease, and can 
assess the effect of cost on the quality of various services 
[27]. This approach was selected to ensure accuracy and 
transparency of results, as no national-level cost data were 
available for Malaysia. Different cost centers were identi-
fied from the literature search and by interviewing heads 
of departments at the study hospital. Different cost centers 
identified in the management of COPD were chest clinic, 
pathology laboratory, spirometry room, radiology labora-
tory, ED, outpatient pharmacy, inpatient pharmacy, and 

respiratory ward. All activities in the cost centers were 
observed prospectively to evaluate the direct cost. Activi-
ties involved were registration, screening, treatment, patient 
counselling, and prescription dispensing. In addition to these 
activities, two additional activity specialist visits and medi-
cation dispensing were also observed for hospital-admitted 
patients. Resources were identified as patient time of staff 
members for each activity, medication, diagnosis, consuma-
bles for drug delivery and oxygen therapy, inpatient stay, 
incubation, nebulization, equipment, building, stationery, 
electricity, and cleaning. Costs from these cost centers, 
along with the unit prices for the services provided, were 
calculated and incurred directly to the patients receiving the 
services.

2.3.1  Human Resources

Personnel costs comprise the time spent by physicians, spe-
cialists, pharmacists, paramedical staff, administrative staff, 
and technical staff in different cost centers. The time spent 
by health professionals for spirometry, laboratory services, 
checkup, and pharmacy services, both in the chest clinic and 
during hospitalization, was estimated. A time and motion 
study on the ABC method was used to estimate the human 
resource cost for each service. Patients at the chest clinic, 
ED, outpatient pharmacy, inpatient pharmacy, spirometry 
room, radiology room, laboratory, and chest ward were 
observed, to measure the time for completion of each activ-
ity. The total human resource cost for an activity was calcu-
lated as the sum of all human resource costs involved in a 
specific activity. The personnel time cost for each employee 
involved was calculated according to the pay scale system 
of the Federal Civil Services Officers under the System of 
Remuneration Malaysia [28]. Unit costs per minute were 
calculated by dividing the employee’s yearly salary by the 
number of productive working minutes per year. Produc-
tive working minutes were based on the average number of 
shifts per month, excluding annual leave and sick leave. The 
number of minutes spent on each patient was combined with 
staff costs per minute. The manpower involved in different 
cost centers is shown in Fig. 1.

2.3.2  Medication and Consumables

Prescription records from every visit made by the patients 
were collected from their medical files. Medicines were 
classified according to classes. The quantity, frequency, and 
duration of each prescribed drug and inhaler were recorded. 
Prescriptions were differentiated based on outpatient vis-
its (management phase) and hospitalization (exacerbation 
phase). Information regarding consumables (syringes, cot-
ton swabs, etc.) used in a diagnostic test was collected by 
following the complete activity. The unit prices of drugs 
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were based on the standard government drugs price list 
[29]. The total cost of consumables was calculated by add-
ing the cost of all consumables used in the specific test/
service.

2.3.3  Building and Equipment Used for Activities 
(Consultation, Diagnosis, Pharmacy)

The square footage of the hospital building that used for 
a specific activity was measured. The costs relating to the 
building used were calculated by multiplying the area of the 
specific cost center by the per unit cost of a public building 
in Malaysia (MYR 85/ft2). The number of activities per-
formed per year, i.e. consultations, diagnosis, and admis-
sions, was obtained from patient registers, while mainte-
nance costs and unit costs of diagnostics and devices used 
were obtained from the hospital’s Finance Department. 
Total yearly equipment utilization by COPD patients was 
obtained from the laboratory register, and the interest rate 
was obtained from the National Bank of Malaysia. The use-
ful lifespan of laboratory equipment was assumed to be 
5 years [30]. Moreover, straight-line depreciation, with a 
discount rate of 3%, was used. At the end of the asset’s use-
ful lifespan, the resale value was considered to be 10% of 
the initial cost [30].

The cost of electricity, sanitation, and stationary used in 
the clinic was obtained from the Administration Department. 
To obtain the per-patient cost, the cost of electricity, sanita-
tion, and stationary utilized in 1 year was divided by the total 
number of patients treated in the clinic in 1 year. Direct non-
medical costs included transportation costs, which were cal-
culated by estimating the mean two-way distance from home 
to hospital (patients were asked the approximate distance 
of their home from the hospital) and multiplying it by the 
government-approved per kilometer cost (US$0.13/km) [31].

2.3.4  Exacerbation Phase

Costs pertaining to the exacerbation phase were divided into 
ED visit (moderate exacerbation) and hospitalization (severe 
exacerbation) costs. ED visits followed by hospital admis-
sions were included in the hospital admission cost instead of 
the ED visit cost. The hospitalization cost was calculated as 
the sum of personnel, medicine, diagnostic test, building, fur-
niture, and hotel (bed and food) costs. For admitted patients, 
length of stay in the ward or intensive care unit was observed 
prospectively. Daily bed and food costs were obtained from 
the hospital’s Finance Department (MYR 285) [31]. Unit 
costs were also obtained from the hospital’s Finance Depart-
ment and multiplied by the number of utilized units.

The total direct cost was the sum of the management and 
exacerbation costs. As not all patients suffered from exacer-
bation, the estimated cost was corrected for the proportion 
of patients who suffered from exacerbation before the total 
cost estimation.

2.4  Indirect Costs

WPAI-COPD is a reliable and validated questionnaire used in 
many diseases. It measures the amount of absenteeism (work 
time lost due to COPD), presenteeism (reduced productiv-
ity due to disease while at work), and activity impairment 
(restriction in daily activities). Indirect costs were calculated 
in terms of activity limitation for all COPD patients and pro-
ductivity losses for employed patients. The average monthly 
salary per person was obtained from the official website of 
the Statistics Department of the Malaysian Government 
[23]. The latest statistics were available for 2017. Patients 
completed the WPAI-COPD questionnaire at each visit. The 
recall period for this questionnaire was 7 days. The average 
missing hours per week were calculated and multiplied by 52.

Fig. 1  Human resources in dif-
ferent cost centres Outpatient Clinic Laboratory Pharmacy Emergency 
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Physician Physician Physician 

Specialist 

Nurses Nurses Nurses Technician   Technician  

Pharmacist 
(Counselling) 

Pharmacist 
(Dispensing)

Supporting 
Staff 

Supporting 
Staff 

Supporting 
Staff 

Supporting 
Staff 

Administrative 
Staff

Administrative 
Staff 



39Economic Burden of COPD Patients

2.5  Statistical Analysis

Frequencies and percentages were calculated for categorical 
variables, and mean and standard deviation were reported 
for continuous variables. Means were calculated for medi-
cal and pharmacy costs. Statistical analyses were performed 
using IBM SPSS Statistics version 24.0 (IBM Corporation, 
Armonk, NY, USA).

3  Results

Among 150 included patients, five were lost to follow-up 
for different reasons (moved from the city, changed hospital, 
surgery). The majority of patients (69.24%) were male, with 
a mean age of 69.71 years (6.62). The mean  FEV1 percent-
age predicted and  FEV1/FVC were reported as 57.13 (12.52) 
and 54.21 (11.32), respectively. Approximately 77.41% of 
patients were ex-smokers, 12.38% were current smokers, 
and 10.21% were non-smokers. Mean body mass index 
(BMI) was reported as 24.14 kg/m2 (4.67). Comorbidities 
were reported in approximately 65.32% of patients. Among 
patients having comorbid conditions, 68.39% reported the 
presence of one comorbid condition, 20.54% reported the 
presence of two comorbid conditions, and 11.07% reported 
the presence of three or more comorbidities. The mean 
Charlson Comorbidity Index was reported as 2.3 (3.4), and 
the mean annual per-patient direct cost for the management 
of COPD was calculated as US$506.92. Sociodemographic 
and clinical characteristics of the COPD patients included 
in the study are displayed in Table 1.

3.1  Maintenance Phase

The average number of outpatient visits was 2.12 (1.3) per 
patient per year. The mean annual cost per patient in the 
management phase was reported as US$395.65. In detail, 
the cost of drugs and consumables (laboratory chemicals, 
syringes, incubation masks, etc.) was highest (US$349.71), 
followed by personnel (US$32.24), equipment (US$4.63), 
building (US$3.38), depreciation (US$2.57), electricity 
(US$1.49), cleaning (US$0.43), fixed assets (US$0.84), and 
communication (US$0.11). The mean cost in different cost 
centres during the maintenance phase is displayed in Table 2

3.2  Exacerbation Phase

The mean annual cost in different cost centers during the 
exacerbation phase is displayed in Table  3. During the 
study period, 31.66% of COPD patients visited the ED 
due to COPD exacerbation. On average, 0.38 visits to the 
hospital ED were reported for each patient annually. The 

mean annual cost of ED visits per patient was calculated 
as US$86.4. During ED visits, the inpatient stay cost was 
highest (US$38.43), followed by drugs and consumables 
(US$30.02), personnel (US$8.83), equipment (US$5.89), 
building (US$1.03), electricity and water (US$0.62), 
fixed assets (US$0.45), depreciation (US$0.44), clean-
ing (US$0.35), stationery (US$0.30), and communication 
(US$0.04).

In COPD patients, the average annual rate of hospitaliza-
tion was calculated as 0.87 per patient. Almost 42.47% of 
COPD patients were admitted to the hospital due to COPD 
exacerbation, during the study period. The mean hospital 
stay was reported as 4.31 days, and the mean annual cost 
of hospitalization per patient was calculated as US$297.79. 
During hospital admissions, the inpatient stay cost was 
highest (US$139), followed by drugs and consumables 
(US$88.27), personnel (US$32.99), building maintenance 
(US$10.68), equipment (US$9.45), electricity and water 
(US$6.01), cleaning (US$4.48), depreciation (US$2.53), 
fixed assets (US$2.84), communication (US$1.33), and sta-
tionery (US$0.21). A comparison of different cost centers 

Table 1  Sociodemographic and clinical characteristics of COPD 
patients

BMI body mass index, COPD chronic obstructive pulmonary disease, 
CCI Charlson Comorbidity Index, FEV1 forced expiratory volume 
in 1  s, FVC forced vital capacity, GOLD 1  FEV1 ≥ 80% predicted, 
GOLD II  FEV1 50–80% predicted, GOLD III  FEV1 30–50% pre-
dicted, GOLD IV  FEV1 < 30% predicted, SD standard deviation

BMI, kg/m2 [mean (SD)] 24.14 (4.67)
Sex (%)
 Male 69.24
 Female 30.76

Age, years [mean (SD)] 69.71 (6.62)
Working status (%)
 Retired 40.27
 Full-time 43.19
 Part-time 16.54

Smoking status (%)
 Current smoker 12.38
 Ex-smoker 77.41
 Non-smoker 10.21

Years with COPD [mean (SD)] 6.7 (5.23)
FEV1% predicted [mean (SD)] 57.13 (12.52)
FEV1/FVC [mean (SD)] 54.21 (11.32)
CCI 2.3 (3.4)
Percentage of patents according to severity of COPD
 GOLD Grade I [% (n)] 16.60 (25)
 GOLD Grade II [% (n)] 29.33 (44)
 GOLD Grade III [% (n)] 35.33(53)
 GOLD Grade IV [% (n)] 18.67 (28)
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during the maintenance phase, ED visit, and hospital admis-
sions in the management of COPD is shown in Fig. 2.

3.3  Indirect Costs

The annual mean indirect cost per patient was calculated 
as US$1699.76 for COPD and US$377.72 for other rea-
sons. Productivity losses at the workplace were reported as 
31.87% and activity limitations were reported as 17.42%. 
The mean annual cost of transportation per COPD patient 
to attend outpatient visits, ED visits, and hospitalization was 
calculated as US$8.57. The mean indirect cost of patients is 
displayed in Table 4.

4  Discussion

This study covers complete information regarding the eco-
nomic burden of COPD from both a patient and societal 
prospective, including direct and indirect costs. The direct 
costs were calculated using 1-year of ABC for all services 
and service centers utilized in the management of COPD 
during the maintenance and exacerbation phases. The ABC 
‘bottom-up’ approach ensures identification of all resources 
directly employed for patients in providing healthcare ser-
vices, resulting in patient-specific unit costs.

Emergency visits or hospitalization indicate a degree of 
uncontrolled symptoms or exacerbation of COPD symp-
toms. Approximately 31.66% of patients visited the ED and 
28.47% of patients were admitted to hospital due to uncon-
trolled symptoms. This suggests that symptoms were not 
properly controlled in these patients, even after regularly 
visiting health professionals. Grade 2 patients more fre-
quently visited the ED compared with grade 3 and 4 patients. 
ED visits decreased as the disease progressed. The reason 
behind this may be the fact that COPD patients become self-
restrained to their symptoms with the passage of time, and 
only make unscheduled visits when they had severe prob-
lems. Barnes et al. reported that 39% of COPD patients with 
a longer disease history adopted a ‘wait and see’ policy to an 
exacerbation before seeking medical help [32].

Among the study participants, 59.73% were currently 
employed. COPD showed a substantial effect on the work 
productivity of patients. For full-time employees, indi-
rect costs did not directly affect patients, but did affect the 
workplace in terms of work productivity loss. Long peri-
ods of cough and dyspnea were reported to have a substan-
tial effect on the work performance of employed patients. 
Indirect costs are a modifiable cost component that can 
be significantly reduced by the use of optimal therapy and 
timely interventions from the health care system. In a sur-
vey of European asthma patients, work productivity loss 
was reduced by 19.3% to 36.2%, depending on whether the Ta
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disease was well-controlled or not [32]. Self-management, 
pulmonary rehabilitation programs, smoking cessation, and 
workplace adaptations can help in the management of cough 
and dyspnea, thus improving the quality of life of patients 
and decreasing economic burden [13, 33]. It was estimated 
that a 20% reduction in productivity loss in Spain could 
result in annual savings of €2.9 billion, and a reduction in 
loss of work productivity in Sweden equivalent to 1 working 
day would generate an annual savings of €528 million [34].

One of the main strengths of our study is the use of 
the ABC ‘bottom-up’ approach to calculate direct costs. 
This approach provides more detailed information on all 
the resources associated with the management of disease 
and implementation of an intervention. It sheds light on 
the importance of different activities and their associa-
tion with cost, and thus provides a better space for policy 

Fig. 2  a Comparison of dif-
ferent cost centres during the 
maintenance phase, ED visit, 
and hospital admissions in the 
management of COPD. b Com-
parison of different cost centres 
during the maintenance phase, 
ED visit, and hospital admis-
sions in the management of 
COPD. ‘Others’ include clean-
ing, electricity/water, commu-
nication, building maintenance, 
stationery, equipment, fixed 
assets, and depreciation costs; 
procedures and ventilation. ED 
emergency department, COPD 
chronic obstructive pulmonary 
disease
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Table 4  Indirect cost of COPD patients

All costs are reported in US$; 1 US$ = 4.13 MYR on 18 September 
2019; mean (standard deviation)
COPD chronic obstructive pulmonary disease, MYR Malaysian ring-
git

Indirect cost of patients

Missing hour due to COPD 468.17 (143.73)
Indirect cost due to COPD US$1699.76 (627.26)
Missing hours due to other reasons 104.21 (34.07)
Indirect cost due to other reasons US$377.72 (113.28)
Productivity loss due to COPD 31.87% (9.98)
Activity limitation due to COPD 17.42% (6.59)
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makers to make decisions regarding budget allocation and 
to improve management. Moreover, calculation of indirect 
costs in hours per week instead of days per week resulted 
in more accurate evaluation. Many national pharmacoeco-
nomic guidelines recommend considering the impact of the 
societal benefit of intervention before considering it to be 
cost effective, especially for a disease such as COPD, which 
creates a substantial economic burden. Therefore, including 
indirect costs can provide an opportunity for researchers to 
compare the social welfare impact of future interventions in 
cost-effectiveness studies related to COPD.

Despite several strengths of this study, a few limitations 
should be considered when interpreting the results. The data 
used in this study only reflect the public healthcare system 
and may not reflect the management costs in private health-
care systems. The actual costs in private healthcare systems 
may vary, resulting in underestimation of the economic 
burden of COPD. However, the study population is likely 
to be representative of the general population as the public 
healthcare system provides health services to approximately 
65% of the Malaysian population [20]. Moreover, we used 
tariff-based cost estimates applicable across Malaysia, which 
improves the generalizability of our findings. The cost of 
non-prescribed medications and indirect costs due to pro-
ductivity losses of caregivers were excluded from the study, 
suggesting that COPD may have a higher economic burden 
than that reported.

5  Conclusions

This study covers the complete information regarding the 
economic burden of COPD, from both a patient and soci-
etal perspective, including direct and indirect costs. Dur-
ing the maintenance phase of COPD management, drugs 
and consumables costs were highest, followed by personnel 
and laboratory costs. During ED visits and hospital admis-
sions, inpatient stay costs were highest, followed by drugs 
and consumables costs and personnel costs. Drugs and con-
sumables costs were the main cost-driving factors in the 
management of COPD. In COPD patients, the mean annual 
rate of outpatient visits, ED visits, and hospital admissions 
were calculated as 2.12, 0.37, and 0.87 visits per patient, 
respectively; 31.66% of COPD patients visited the ED, and 
42.47% of COPD patients were admitted to hospital due to 
exacerbation. This suggests that symptoms were not prop-
erly controlled in these patients, even after regularly visiting 
health professionals.

Among the study participants, 59.73% were currently 
employed. COPD showed a substantial effect on the work 
productivity of patients. For full-time employees, indi-
rect costs did not directly affect patients, but did affect the 
workplace in terms of work productivity loss. Productivity 

losses at the workplace were reported as 31.87% and activ-
ity limitations were reported as 17.42%. Work productivity 
loss can be controlled by better control of symptoms, which 
can result in substantial savings to the country’s economy.
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