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Osteoarthritis (OA), one of the most common chronic dis-
eases worldwide, is characterized by pain and physical dis-
ability, which leads to significant use of healthcare

resources. It therefore imposes a substantial economic bur-
den on patients, healthcare providers, governments, and the
society as a whole. The cost of OA has been estimated to
account for up to 1% to 2.5% of the gross national product
(GNP) in several Western developed countries1. The only
published study of the cost of OA from Asia estimated that
the cost of OAaccounted for 0.28% of GNP in Hong Kong2.
As healthcare resources are finite, it is important to under-
stand the economic burden of the disease, which may be
useful in increasing the awareness of the public and helping
decision makers to allocate healthcare resources in a more
efficient way. With the aging of populations worldwide, the
cost of OA has been receiving growing attention in Western
countries3-10. However, there are not sufficient studies per-
formed in Asian countries, although the prevalence and
incidence of OA are high11-15 and are expected to increase
in the region.

We therefore estimated and compared the direct and
indirect costs of OA in multiethnic Asian patients with OA
in Singapore. There appear to be 2 advantages to evaluating
costs of OA in Singapore, a westernized Asian country with
a multiethnic population, comprising 3 major ethnic groups,
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ABSTRACT. Objective. To estimate and compare the direct and indirect costs of osteoarthritis (OA) in multiethnic
Asian patients with OA in Singapore.
Methods. The study was a retrospective and cross-sectional design. Patients were stratified accord-
ing to ethnicity and presence or absence of joint surgery. Direct costs were estimated from both a
societal and a patient perspective using the Singapore General Hospital database; indirect costs were
estimated using the human capital approach. All costs were expressed as mean costs per patient per
annum in 2003 Singapore dollars.
Results. A total of 1179 patients (83.6% Chinese, 7.2% Malay, 3.5% Indian, 5.7% others) were
included in estimating direct costs, of which 513 (43.5%) had total knee replacement (TKR) and 92
(7.8%) total hip replacement (THR), while 105 patients (71.4% Chinese, 14.3% Malay, 14.3%
Indian) were included in estimating indirect costs. Direct costs to patients ranged from $1460 to
$7477 for Chinese, $1362–$7211 for Malays, $1688–$6226 for Indians, and $1437–$12,140 for
other ethnic patients; direct costs to society ranged from $3351 to $15,799 for Chinese,
$2939–$15,436 for Malays, $3150–$10,990 for Indians, and $2597–$17,879 for other ethnic
patients. In contrast, the indirect costs ranged from $1215 to $3834 for Chinese, $1138–$6116 for
Malays, and $1371–$5292 for Indians. However, most ethnic variations were not statistically sig-
nificant.
Conclusion. The economic burden of OA to society and patients increased by 3-fold or more in the
patients with TKR/THR compared to those without. The ethnic differences in health resources con-
sumed were more apparent when the disease progressed. (J Rheumatol 2007;34:165–71)
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namely, Chinese (76% of total population in Singapore),
Malay (14%), and Indian (8%)16. First, it would allow com-
parison between Singapore and other developed Western
countries, as Singapore has one of the most developed
healthcare systems, based on the Western model. The level
and quality of medical care in Singapore is comparable to
most developed countries. At the same time, it would pro-
vide valuable benchmark data for other countries in the
region. Second, it would provide information whether OA
would impose a different financial burden on different pop-
ulation groups (because of cultural and other habits) and
thus form the basis for similar studies in other Asian coun-
tries with the same ethnic groups (China, India, etc.).

MATERIALS AND METHODS
The study was a retrospective and cross-sectional design, with institution-
al review board approval. Patients were stratified according to ethnicity
and presence or absence of total joint replacement surgery. Direct and indi-
rect costs of OA were estimated separately and expressed as mean costs
(standard deviation) per patient per annum in 2003 Singapore dollars
[exchange rate, 1 US dollar = 1.7 Singapore dollars (SGD)].
Estimation of direct costs of OA. Direct costs, defined as all resources con-
sumed associated with the provision of an intervention or treatment for an
illness17, were estimated from both societal and patient perspectives over a
period of 1 year, 2003. Direct costs were retrieved from the database of
Singapore General Hospital, one of 2 tertiary referral hospitals in
Singapore. The selection criteria were as follows: (1) patients were diag-
nosed with at least one of the following ICD-9-CM codes: 715.0x, 715.1x,
715.2x, 715.3x, 715.8x, 715.9x; (2) patients were seen in the hospital dur-
ing the study year; and (3) the 12-month cost data starting from the first
admission in the study year were available.

Based on the literature18,19, the direct costs associated with OA were
classified into 7 major categories, namely, professional costs, treatment and
procedure costs, equipment and material costs, inpatient costs, diagnosis
costs, medication costs, and miscellaneous costs. If the costs incurred by a
patient were not relevant to OA based on clinical experience, these costs
were excluded from classification in order to minimize the bias of comor-
bidity-incurred expenditures on cost estimation. Two authors (FX, JT)
independently completed the classification and any disagreements were
resolved by consensus among all authors. The mean proportion of costs
unrelated to OA was 36% of total costs for patients with comorbidities
(there was no need for such classification for patients without comorbidi-
ties). Of note, expenses charged were normally used as a proxy for cost in
published cost of illness studies4,8, and was also adopted in this study based
on several considerations. First, this is the only available information, as
cost data are sensitive and confidential. Second, the study hospital is one
of the major publicly funded not-for-profit healthcare providers in
Singapore. It is expected that the charge for services rendered would be
reasonably close to the cost of providing the service.
Estimation of indirect costs of OA. Indirect costs, defined as the productiv-
ity loss incurred by an illness17,20-22, were estimated using the human cap-
ital approach2,6,7,10,23 through face to face interviews. Patients were con-
veniently recruited from the Departments of Rheumatology and
Immunology and Orthopaedic Surgery at Singapore General Hospital, and
could be considered a subgroup of patients included in the estimation of
direct costs. All patients were diagnosed with OA by their attending
rheumatologist or orthopedic surgeon; written informed consent was
obtained for each participating patient.

The method of estimating indirect costs was different for working
patients and nonworking patients. Working patients were asked to estimate
the number of days of absence from work due to OA in the past year (full
productivity is assumed when working patients resume their work).

Retirees/homemakers were asked to estimate a percentage of productivity
lost due to OA, with an assumption of 100% productivity before they had
been diagnosed with OA. As data for individual earnings were not avail-
able, indirect costs for those who were working were calculated by multi-
plying the number of days of absence from work (as recalled by patients
and confirmed by their physicians) by average earnings per day in
Singapore between 1993 and 2003 (i.e., $139)16, and for retirees/home-
makers by multiplying productivity loss by current market value for house-
keeping and leisure activities.
Statistical analyses. Data were entered into a Microsoft Excel spreadsheet
(Microsoft, Redmond, WA, USA) and analyzed using Stata Intercooled v.8
(Stata Corp., College Station, TX, USA). Comparing demographic charac-
teristics across ethnic groups, analysis of variance was used for continuous
variables and Pearson chi-square test for categorical variables. As the cost
distribution was skewed, the Kruskal-Wallis H test was applied to test dif-
ferences in costs across ethnic groups without adjustment for age and sex.
Regression analyses with log-transformed direct and indirect costs as
dependent variables and age, sex, and ethnicity as independent variables
were also performed to check differences in costs across ethnicities with
adjustment for age and sex. All statistical analyses were conducted at a sig-
nificance level of 0.05 and all tests were 2-tailed if appropriate.

RESULTS
Patient characteristics. A total of 1179 patients (83.6%
Chinese, 7.2% Malay, 3.5% Indian, and 5.7% others) ful-
filling the inclusion criteria were included in the estimation
of direct costs of OA. The demographic characteristics of
patients are shown in Table 1. Chinese patients were signif-
icantly older than patients in other groups (p < 0.001). There
were more female Chinese and Malay patients compared
with Indian and other ethnic groups (p = 0.005). The distri-
bution of OA types was generally similar across ethnic
groups, and the knee was the most frequently affected joint
across all groups. The percentages of patients with total
knee replacement (TKR) or total hip replacement (THR)
were significantly higher for Chinese (46.2% and 8.2%,
respectively) and lower for Indian patients (3.4% and
4.9%).

A total of 120 patients were admitted to hospital during
the period for estimating indirect costs. As shown in Table
2, 105 patients (71.4% Chinese, 14.3% Malay, and 14.3%
Indian) participated in estimation of the indirect costs of
OA. Knee OA was seen more frequently in Chinese than
Malay and Indian patients (92.0% vs 86.7%; p = 0.63). The
percentage of patients with TKR was highest for Malay
patients (33.3%) and lowest for Indian patients (13.3%) (p
= 0.52). More than 70% of the patients were retirees or
homemakers across the 3 ethnic groups. Household income
was generally similar across the 3 ethnic groups.
Direct costs of OA. Of 1179 patients, 574 (48.7%) did not
undergo surgery, 513 had TKR (43.5%), and 92 had THR
(7.8%). The mean direct costs to society and to patients
were $3245 and $1459, respectively, for those without joint
surgery, $11,429 and $5561 for those with TKR, and
$15,763 and $7555 for those with THR, respectively.
Detailed cost information across different groups is given in
Table 3. The main expense across all ethnic groups was
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treatment and procedure costs, regardless of the presence or
absence of TKR or THR.

Among patients without joint surgery, the magnitude of
direct costs in each cost category was generally similar
across ethnic groups. Chinese patients incurred statistically
higher diagnosis costs (p = 0.014). Indian patients incurred
slightly higher professional costs for treatment and proce-
dures, and equipment and material costs (all p > 0.1).
Chinese patients incurred the highest inpatient treatment
costs and medication costs, while patients in other ethnic

groups had the lowest inpatient and medication costs. The
total direct costs to society were highest for Chinese
patients ($3351) and lowest for other ethnic patients
($2597) (p = 0.172). In contrast, the total direct costs to
patients were highest for Indians ($1689) and lowest for
Malay patients ($1363) (p = 0.894). After adjustment of age
and sex, the differences in professional costs, inpatient
costs, diagnostic costs, and total average cost to society
across ethnic groups retained statistical significance (data
not shown).
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Table 1. Characteristics of patients in estimation of the direct costs of OA.

No. (%) Unless Stated
Chinese, Malay, Indian, Other, Total p*
n = 986 n = 85 n = 41 n = 67 n = 1,179

Age, yrs < 0.001
Mean (SD) 69.0 (11.5) 63.0 (12.7) 63.2 (11.9) 64.0 (14.1) 68.1 (12.0)
Median (IQR) 70.0 (16.0) 64.0 (17.0) 63.0 (18.0) 68.0 (25.0) 70.0 (17.0)

Female 756 (76.7) 65 (76.5) 28 (68.3) 39 (58.2) 888 (75.3) 0.005
OA type 0.519
Knee 843 (85.5) 74 (87.1) 35 (85.4) 55 (82.1) 1,007 (85.4)
Hip 59 (6.0) 6 (7.1) 2 (4.9) 2 (3.0) 69 (5.9)
Other** 84 (8.5) 5 (5.9) 4 (9.7) 10 (14.9) 103 (8.7)

Surgery < 0.001
TKR 456 (46.2) 22 (25.9) 14 (3.4) 21 (31.3) 513 (43.5)
THR 81 (8.2) 5 (5.9) 2 (4.9) 4 (6.0) 92 (7.8)

With comorbidity 808 (81.9) 66 (77.6) 28 (68.3) 50 (74.6) 952 (80.8) 0.067

* Kruskal-Wallis H test for continuous variable (age) and Pearson chi-square test for categorical variables. 
** Other types of OA include multiple sites (n = 17), ankle and foot (n = 15), hand (n = 14), shoulder (n = 14),
unspecified sites (n = 10), forearm (n = 4), and upper arm (n = 3). OA: osteoarthritis; SD: standard deviation;
IQR: interquartile range; TKR: total knee replacement; THR: total hip replacement.

Table 2. Characteristics of patients in estimation of indirect costs of OA.

No. (%) Unless Stated
Chinese, Malay, Indian, Total p*
n = 75 n = 15 n = 15 n = 105

Age, yrs 0.007
Mean (SD) 64.2 (8.5) 63.2 (10.8) 60.7 (8.3) 63.6 (8.8)
Median (IQR) 64.0 (14.0) 67.0 (19.0) 58.0 (9.0) 64.0 (14.0)

Female 57 (76.0) 12 (80.0) 11 (73.3) 80 (76.2) 0.910
Married 57 (76.0) 9 (60.0) 12 (80.0) 78 (74.3) 0.373
OA type 0.626
Knee 69 (92.0) 13 (86.7) 13 (86.7) 95 (90.5)
Hip 6 (8.0) 2 (13.3) 2 (13.3) 10 (9.5)

Surgery 0.519
TKR 14 (18.7) 5 (33.3) 2 (13.3) 21 (20.0)
THR 2 (2.7) 1 (6.7) 1 (6.7) 4 (3.8)

With comorbidity 49 (65.3) 8 (53.3) 13 (86.7) 70 (66.7) 0.138
Retirees/homemakers 61 (81.3) 12 (80.0) 11 (73.3) 84 (80.0) 0.779
Monthly household income (SGD) 0.967
< 1,000 20 (26.7) 4 (26.7) 5 (33.3) 29 (27.6)
1,000–2,999 33 (44.0) 8 (53.3) 7 (46.7) 48 (45.7)
3,000–4,999 12 (16.0) 2 (13.3) 2 (13.3) 16 (15.2)
> 5,000 10 (13.3) 1 (6.6) 1 (6.6) 12 (11.4)

* ANOVA for continuous variables and Pearson chi-square test for categorical variables. OA: osteoarthritis; 
SD: standard deviation; IQR: interquartile range; TKR: total knee replacement; THR: total hip replacement.
SGD: Singapore dollars: 1 US dollar = 1.7 SGD.
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Among those with TKR, Malay patients incurred the
highest treatment and procedure costs ($7064), while Indian
patients incurred the highest inpatient costs ($1584), but
neither analysis reached statistical significance. However,
the total direct costs to Malay patients with TKR ($7211)
were significantly higher than for other ethnic groups (p =
0.021). There were statistically significant differences in
treatment costs, total average cost to society, and total aver-
age cost to patients across ethnic groups after adjustment for
age and sex.

Among those with THR, Chinese patients incurred high-
er professional costs and treatment and procedure costs
($3052), while patients in other groups incurred the highest
inpatient costs ($5887). The total direct costs to society and
patients were highest for patients in other ethnic groups
($17,878 and $11,430, respectively) and lowest for Indian
patients ($10,837 and $6227). There were statistically sig-
nificant differences in professional costs, treatment costs,
and total average cost to patient across ethnic groups after
adjustment for age and sex.
Indirect costs of OA. Among the patients without surgery,
the average days of absence from work, productivity losses,
and indirect costs were similar across all ethnic groups
(Table 4). In contrast, for patients with TKR or THR, Malay
patients reported more days of absence from work and high-
er level of productivity losses (97.5 days and 67.5%, respec-
tively) than the other 2 ethnic groups. Consequently, the
indirect costs were higher for Malay patients ($6116) and
lowest for Chinese patients ($3834). Again, none of these
findings reached statistical significance. Notably, after
adjustment for age and sex, no statistical significance
remained for the differences in indirect costs across ethnic
groups.

DISCUSSION
We estimated the direct and indirect costs of OA among dif-
ferent ethnic groups in Singapore. Two observations were
evident from the results. First, the economic burden of OA
to society and the patients could increase by more than 3-
fold in patients with TKR or THR compared to those with-

out surgery. Second, the ethnic group differences in health
resource consumption became more apparent when the dis-
ease progressed, as the differences between the group that
incurred the highest total average cost to society and the
group with the lowest total average cost increased substan-
tially among patients with TKR or THR compared to those
who did not undergo surgery (Table 3).

These findings have several important implications.
First, they highlight the importance of public education to
increase patients’ awareness and knowledge about OA and
means to efficiently prevent or slow progression of the dis-
ease. Once a joint replacement is inevitable, the economic
burden to either society or patients becomes much greater.
Second, the direct costs to patients in Singapore were sub-
stantially higher than costs reported in Hong Kong2. The
Hong Kong government bore 68% of the total costs of those
with mild OA. The percentage increased to 95% for those
with joint surgery, while in Singapore the subsidy is gener-
ally around 50% regardless of presence or absence of joint
surgery. Obviously, a flexible or “stepped” subsidy policy
according to disease severity would offer real benefits to
patients, especially those who are financially disadvan-
taged. This may provide an incentive for them to seek treat-
ment earlier. Third, as treatment costs (excluding medicine
according to the definition in this study) were the leading
cost driver across all ethnic groups, it suggests that research
priorities may go to advances in cost-effective treatments
(e.g., surgery) in order to significantly reduce the healthcare
expenditures of OA.

In this study the rate of joint surgery differed across eth-
nic groups. More than half of Chinese patients seen in hos-
pital over the study period had undergone TKR or THR,
which is significantly higher than for other ethnic groups.
One possible explanation for the high rate may be that many
Chinese patients seek medical treatment only when the con-
dition is very severe (and normally a surgery is needed at
that time), as they believe joint pain is a natural phenome-
non of old age and seldom pay attention at the early stages
of the condition. This may reflect a cultural influence in
healthcare-seeking behavior among Chinese. Further, there
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Table 4. Indirect costs of OA.

Patients without Surgery Patients with TKR/THR
Chinese, Malay, Indian, Subtotal, Chinese, Malay, Indian, Subtotal, Total,
n = 59 n = 9 n = 12 n = 80 n = 16 n = 6 n = 3 n = 25 n = 105

Mean (SD) absence from work, days* 7.0 (3.5) 6.0 (0) 9.0 (7.1) 7.3 (3.8) 37.6 (34.9) 97.5 (116.7) 45.0 (21.2) 48.8 (50.8) 31.0 (43.2)
Mean (SD) productivity loss, % ** 37.4 (13.7) 39.4 (18.6) 37.1 (16.6) 37.6 (14.6) 49.4 (25.9) 67.5 (9.9) 51.7 (41.9) 54.0 (25.4) 41.5 (19.0)
Mean (SD), indirect costs, $ † 1215 (450) 1138 (451) 1371 (525) 1230 (460) 3834 (3618) 6116 (9272) 5292 (2674) 4557 (5264) 2022 (2930)

* Mean days of absence from work were estimated for working patients. Among those without surgery, 6 Chinese, 1 Malay, and 2 Indians were working.
Among those with TKR/THR, 8 Chinese, 2 Malays, and 2 Indians were working. ** Mean productivity loss estimated for nonworking patients. Among those
without surgery, 53 Chinese, 8 Malays, and 10 Indians were retiree/homemakers. Among those with TKR/THR, 8 Chinese, 4 Malays, and 1 Indian were non-
working. † Indirect costs are expressed as mean costs per patient per annum, 2003 Singapore dollars. 1 US dollar = 1.7 Singapore dollar. TKR: total knee
replacement; THR: total hip replacement.
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also were some ethnic variations in specific healthcare
resources consumed among those patients who had TKR or
THR. The ethnic variations in utilization of health resources
for OA have been reported in many other studies24-33.
However, the implication of this difference in resource con-
sumption among different ethnic groups is insufficiently
evaluated in Asian communities and would need further
exploration.

Comparing other countries, the costs of OA also varied
substantially. Broadly speaking, the direct and indirect costs
for those without surgery were comparable between
Singapore and Hong Kong. However, the costs for those
with surgery were significantly higher in Hong Kong2.
Compared with several Western countries, the direct costs in
Singapore were lower than in France34, the USA4,8, and
Canada35, but higher than in Italy6. Conversely, indirect
costs in our study were lower than in Italy6, but higher than
those in the USA23 and Canada35. There is an interesting
phenomenon, that is, the richer a country in terms of gross
domestic product per capita, the higher the direct costs for
OA in that country.

Direct and indirect costs are 2 important components in
cost of illness evaluation studies17. However, it remains
debatable which imposes a heavier burden on patients.
Several studies have shown that indirect costs were 3 times
higher than direct costs and accounted for up to 80% of total
costs in patients with OA6,36. In contrast, direct costs were
higher than indirect costs in our study, consistent with some
previous studies2,23,35. There are several possible explana-
tions. First, the patients were younger in estimations of indi-
rect costs than in estimations of direct costs. Second, a high-
er percentage of patients had undergone joint replacement
surgery, which is the main cost driver. Third, the indirect
costs related to home care for retirees or homemakers were
not taken into consideration. Lastly, the majority of patients
that contributed data for estimating indirect costs were
retirees or homemakers. It should be noted that the differ-
ences between direct and indirect costs were more promi-
nent across different ethnic groups when the patients had
joint surgery, especially for Chinese patients.

One of the main limitations of our study is that the num-
ber of patients used in estimating indirect costs was small
compared to those for estimating direct costs. Thus, we
tended not to aggregate the 2 cost components to estimate
an overall economic burden on patients, as done in some
other studies2,35,36. As well, the indirect costs incurred by
family members or caregivers to take care of the patients
were not assessed, as most of the patients reported they
could not recall such information at all. Thus, the magnitude
of indirect costs estimated in this study could be considered
at the lower end of the spectrum. Second, it may be argued
that the participating patients from a tertiary referral hospi-
tal may not be fully representative of patients with OA in
Singapore. However, due to the setup of the Singapore

healthcare system, a significant proportion of OA patients
normally managed by primary healthcare physicians would
also be managed at the outpatient clinic of a tertiary hospi-
tal. Hence, our patient sample would be reasonably repre-
sentative of OA patients from both primary and tertiary
referral settings in Singapore. However, this may be atypical
in other countries. Thus caution needs to be exercised when
generalizing the results to other settings. Third, comorbidi-
ties are very common among patients with OA, who are nor-
mally older. Thus, the existence of comorbidities does influ-
ence the cost evaluation. However, it would be impractical to
exclude patients with comorbidities as more than 50% would
be excluded. Future studies should estimate the costs attrib-
utable to OAby recruiting both patients with OAand age and
sex matched patients without OA.
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