
58

Singapore Med J 2015; 56(1): 58-64 
doi: 10.11622/smedj.2015011

Original  Art ic le

1Department of Orthopaedics, Sung Shan Branch, Tri-Service General Hospital, National Defense Medical Center, 2Department of Health Promotion and Health Education, 
Taiwan Normal University, 3School of Health Care Administration, Taipei Medical University, Taiwan

Correspondence: Dr Tzu-Chuan Lu, Consultant, Department of Orthopaedics, Sung Shan Branch, Tri-Service General Hospital, No 131 Chien-Kang Road, Taipei, Taiwan.  
lutz.chung@msa.hinet.net

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disease 
that usually leads to persistent and painful disability in 
multiple joints, progressive deterioration of joint structures, 
and the use of a significant amount of medical resources.(1,2) 
Current research estimates that RA affects about 1% of people 
worldwide.(3) Native Americans have a high prevalence of RA 
(5%–6%), while Caribbean and Asian populations have a low 
prevalence of RA.(4,5) RA affects more than 2,000,000 adults 
in the United States (~1%), 491,000 in Australia (2%–3%), 
300,000 in Canada (~1%), and 110,000 in Taiwan (~0.5%).(6-8) In 
Australia, about 1.4% and 2.6% of RA patients have undergone 
total hip replacement (THR) and total knee replacement (TKR), 
respectively, from 1999 to 2003.(9) In Canada, between 2004 
and 2005, RA patients accounted for less than 4% of all THRs 
performed and 1% of primary THRs.(10) In 2005, RA patients 
accounted for 4% of all TKRs performed and 2% of primary 
TKRs in the United Kingdom.(11)

The present study is a longitudinal, population-based study 
of 1,000,000 RA and osteoarthritis (OA) patients in Taiwan who 
received either THR or TKR from 1 January 1996 to 31 December 
2010. Han Chinese comprises over 92% of the population in 
Taiwan and mainland China, over 74% of the population in 
Singapore, and 24.5% of the population in Malaysia.(12) To the 

best of our knowledge, this is the first study comparing THR and 
TKR in such a large number of RA and OA patients over a period 
of 15 years. The purpose of the present study was to compare the 
utilisation of inpatient and outpatient medical resources in RA and 
OA patients who received either THR or TKR. The data obtained 
can be used by the government and private insurance companies 
to collect insurance premiums, and is especially useful if the 
government wishes to set up their own health insurance system.

METHODS
The Taiwan National Health Insurance Research Database 
(NHIRD) covers all inpatient medical benefit claims and includes 
data on approximately 98% of Taiwan’s population (~23 million 
people). The claims data is administered by the Bureau of National 
Health Insurance (BNHI), the sole purchaser in Taiwan. In other 
words, this dataset is the most comprehensive and reliable data 
source available for the present study.

For random sampling, we used the NHIRD Longitudinal 
Health Insurance Database (LHID) 2005. LHID 2005 is a subset 
database that contains the data of all the original claims made 
for 1 million beneficiaries, who were randomly sampled from 
the 2005 Registry for Beneficiaries (ID) of the NHIRD and 
enrolled from 1 January 2005 to 1 January 2006. There was no 
significant difference in gender distribution in LHID 2005 and 
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the original NHIRD (χ2 = 0.008, p = 0.05, 2 degrees of freedom). 
LHID includes the registries of contracted medical facilities and 
board-certified physicians, and details of in-  and outpatient 
medical utilisation for all patients in Taiwan aged > 15 years. 
It also provides the operation procedure and diagnosis codes 
for each patient, based on the International Classification of 
Disease, Ninth Revision, Clinical Modification (ICD-9-CM)  (13) 

As the present study used anonymised secondary data, the 
ethics committee of our institution waived the requirement for 
informed consent.

Our study sample consisted of all patients who were identified 
to have undergone primary THR (ICD-9-CM procedure code 
81.51) or primary TKR (ICD-9-CM procedure code 81.54) in 
LHID. These two procedure codes were among the five other 
surgical procedure codes from 1996 to 2010. There were a total 
of 3,021 THRs and 7,490 TKRs. We excluded patients whose 
records indicated any of the following: misinterpreted data, 
unreasonably low total medical costs, IDs presenting more than 
twice, history of haemophilia, history of joint infection, history 
of malignant bone tumour with joint reconstruction procedure 
or procedures concomitant with another major operation, and 
revision THRs or TKRs. This led to a total of 2,843 THR patients 
and 7,352 TKR patients.

From the 2,843 THR patients and 7,352 TKR patients, 
patients with RA were identified using the ICD-9-CM diagnosis 
code 714.0, in conjunction with the procedure code for THR or 
TKR. Using this method, we identified 66 and 178 RA patients 
who underwent THR and TKR, respectively. These identified 
RA patients were then checked against the NHIRD-HV dataset 
(i.e. the catastrophic illness dataset) to confirm the diagnosis of 
RA. After this check, the patient count was reduced to 52 and 153 
RA patients who underwent THR and TKR, respectively. In the 
final step, we excluded patients with ICD-9-CM procedure codes 
81.51 and/or 81.54, if the codes were presented twice during one 
admission, which represents a simultaneous bilateral arthroplasty. 
In all, there were 49 RA patients who had a single THR and 146 
RA patients who had a single TKR during one admission (Fig. 1).

For the comparison group, the records of OA patients who 
had knee and hip procedures from the database were extracted in 
a manner similar to that used for the RA patients – from the 2,843 
primary THR and 7,352 TKR procedures identified, we used the 
same exclusion criteria as that used in the identification of RA 
patients. Patients with OA were identified using the ICD-9-CM 
diagnosis codes 715.00–715.98, together with the procedure 
codes for THR or TKR. Again, we excluded patients who had 
the ICD-9-CM procedure codes 81.51 or 81.54 presented twice 
during one admission. Ultimately, there were 1,191 OA patients 
who had a single THR and 6,574 OA patients who had a single 
TKR during one admission.

We compared two dimensions of medical resource 
utilisation in both RA and OA patients who underwent THR 
or TKR: (a) demographic data and medical resource utilisation 
during hospitalisation; and (b) total outpatient medical resource 
utilisation 3 months before surgery, and 3, 4–6 and 7–12 months 
after surgery. We stratified our study sample into three consecutive 

Fig. 1 Flowchart shows the identification process of rheumatoid arthritis 
(RA) and osteoarthritis (OA) patients for the present study from a pool of 
1,000,000 patients (data extracted from 1 January 1996 to 31 December 
2010) who underwent either total hip replacement (THR) or total knee 
replacement (TKR). *Identified by ICM-9-CM diagnosis codes 715.00–
715.98. †Identified by ICM-9-CM diagnosis code 714.0. NHIRD: National 
Health Insurance Research Database; LHID: Longitudinal Health Insurance 
Database

5-year periods (i.e. 1996–2000, 2001–2005 and 2006–2010) for 
analysis. All dollar values at the end of each year were adjusted 
to the 2010 Taiwan currency values. Hospital charges were then 
converted from Taiwan dollars to United States dollars at an 
exchange rate of 31.64:1, based on the average exchange rate 
from 1996 to 2010.

Statistical analysis was conducted using the Statistical 
Package for the Social Sciences version  17.0 (SPSS Inc, 
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Chicago,  IL, USA). Descriptive and summary statistics were 
performed for demographic characteristics and outcomes. 
Independent t-test was used to analyse the medical utilisation 
of RA and OA patients who underwent THR or TKR. We used 
repeated measures analysis of variance (rANOVA) to analyse 
factors associated with the total cost of outpatient medical 
utilisation, according to time (i.e. 3 months before surgery, and 
3, 4–6 and 7–12 months after surgery), patient group (i.e. patients 
with OA and those with RA), and patient interaction for each 
procedure (THR and TKR). A  two-sided p-value < 0.05 was 
considered statistically significant.

RESULTS
Based on the claims data (for in-hospital medical resource 
utilisation) of 1,000,000  patients in Taiwan over 15  years, a 
total of 49 THRs and 146 TKRs were performed for RA patients, 
and for OA patients, 1,191 THRs and 6,574 TKRs. Table I shows 
the gender, age, Charlson comorbidity index (CCI),(14,15) average 
length of stay (ALOS), hospital grade, cost of administered 
drugs, cost of laboratory examinations, cost of surgery and total 
medical costs for all patients, stratified according to the three 
aforementioned time periods (i.e. 1996–2000, 2001–2005 and 
2006–2010).

Comparing among the three time periods, the gender ratios 
of the RA and OA patients who had undergone THR were not 
significantly different (all p > 0.05). However, while the gender 
ratios between RA and OA patients who had undergone TKR 
were not significantly different in 2001–2005 and 2006–2010 
(both p  > 0.05), it was significantly different in 1996–2000 
(p = 0.04). Also, with regard to THR in 1996–2000, there was a 
significant difference in mean age between RA and OA patients 
(44.8 years vs. 58.6 years; p = 0.01). According to time period, 
we found significant differences between the mean age of the 
RA and OA patients who underwent TKR (54.4 years, 59.6 years 
and 64.0 years vs. 66.9 years, 68.6 years and 69.9 years, in the 
order 1996–2000, 2001–2005 and 2006–2010, respectively; 
all p < 0.01). Regarding THR in all three time periods, the CCI 
scores of RA patients were significantly greater than those of OA 
patients (all p < 0.01). The same was observed with regard to 
patients who underwent TKR, with the CCI scores of RA patients 
found to be significantly greater than those of OA patients in all 
three time periods (all p < 0.01).

The three hospital grades in Taiwan consist of medical centre 
(> 500 beds), regional hospital (251–500 beds) and district hospital 
(21–250 beds). In our analysis of hospital grades in all three time 
periods, we found no significant difference between the RA and 
OA patients who underwent THR (all p > 0.05). There was also 
no significant difference between the RA and OA patients who 
underwent TKR in 1996–2000 and 2001–2005 (both p > 0.05), 
but there was a marginally significant difference between the RA 
and OA patients who underwent TKR in 2006–2010 (p = 0.04). In 
both the THR and TKR groups, there was no significant difference 
in the ALOS of RA and OA patients in all three time periods (all 
p > 0.05). There was a significant difference between the RA 
and OA patients who underwent THR with respect to the rate 

of readmission within 14 days in 2001–2005 (p = 0.02). There 
was also a significant difference between RA and OA patients 
who underwent TKR with respect to the rate of readmission at 
31–90 days in 2001–2005 (p < 0.01).

For the THR group, the mean cost of laboratory examinations 
was significantly greater for RA patients than OA patients in 
1996–2000 ($164 vs. $88; p = 0.01). However, in the TKR group, 
RA and OA patients had similar mean laboratory examination 
costs in all three time periods. The same trend was observed 
for the mean cost of administered drugs in the THR group – the 
mean cost was significantly greater for RA patients than OA 
patients in 1996–2000 ($218 vs. $122; p = 0.02); however, RA 
and OA patients who underwent TKR had similar mean drug 
costs in all three time periods. In the THR group in 2001–2005, 
the mean cost of surgery was significantly greater for RA patients 
than OA patients ($934 vs. $875; p < 0.01). In the TKR group 
in 2006–2010, the mean cost of surgery was significantly lower 
for RA patients than OA patients ($862 vs. $909; p < 0.01). The 
mean total medical cost in the THR group was significantly greater 
for RA patients than for OA patients in 1996–2000 ($4,435 vs. 
$3,542; p = 0.01) and 2001–2005 ($3,906 vs. $3,379; p = 0.03). 
In the TKR group in 2006–2010, the mean total medical cost was 
significantly lower for RA patients than for OA patients ($3,626 vs. 
$3,772; p = 0.01).

Table II shows the results of the rANOVA of the total 
outpatient medical costs before and after surgery. In all three 
time periods, we found no significant within-subject effects in 
both the RA patients who underwent THR and the RA patients 
who underwent TKR (all p > 0.05). However, in all three time 
periods, there were significant within-subject effects in both 
the OA patients who underwent THR and the OA patients who 
underwent TKR (all p< 0.01).

The results of the pairwise comparison tests of these groups of 
patients for 3 months before surgery, and 3, 4–6, and 7–12 months 
after surgery are also shown in Table II. In all three time periods, 
there was no significant difference between the RA patients 
who underwent THR and the RA patients who underwent TKR 
3 months before surgery (all p > 0.05). There were, however, 
significant differences with respect to medical costs between the 
OA patients who underwent THR at 4–6 months after surgery in 
all three time periods (all p < 0.01), and at 7–12 months after 
surgery in 2006–2010 (p < 0.01). There were also significant 
differences with respect to medical costs between OA patients 
who underwent TKR at 3 months after surgery, 4–6 months after 
surgery and 7–12 months after surgery in all three time periods 
(all p < 0.01).

DISCUSSION
Although RA, a systemic autoimmune inflammatory disorder, 
primarily affects the synovial joints, it also damages other tissues 
and organs. RA affects women 3–5 times more often than men.(16) 
Previous studies on RA in Taiwan reported a male to female ratio 
of approximately 1:3.(17)

In the present study, which was based on the analysis of 
claims data, we found that of the total of 2,843 patients who 
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Table I. Characteristics of patients with either rheumatoid arthritis (RA) or osteoarthritis (OA), who received unilateral arthroplasty, either 
total hip replacement or total knee replacement, among the 1,000,000 patients sampled from 1996 to 2010.

Characteristic Total hip replacement Total knee replacement

RA patients OA patients p‑value RA patients OA patients p‑value

1996–2000 (n = 10) (n = 250) (n = 39) (n = 1,109)

Gender
Male
Female

5 (50.0)
5 (50.0)

103 (41.2)
147 (58.8)

0.75
4 (10.3)

35 (89.7)
269 (24.3)
840 (75.7)

0.04*

Age (yr) 44.8 ± 16.3 58.6 ± 13.1 0.01* 54.4 ± 12.4 66.9 ± 7.5 < 0.01*

CCI
0
1
≥ 2

0 (0)
10 (100.0)
0 (0.0)

234 (93.6)
13 (5.2)
3 (1.2)

< 0.01*
0 (0)

31 (79.5)
8 (20.5)

978 (88.2)
113 (10.2)
18 (1.6)

< 0.01*

Hospital grade 
Centre
Regional
District

5 (50.0)
4 (40.0)
1 (10.0)

129 (51.6)
54 (21.6)
67 (26.8)

0.29
25 (64.1)

6 (15.4)
8 (20.5)

554 (50.0)
238 (21.5)
317 (28.6)

0.22

ALOS (days) 19.0 ± 13.3 9.7 ± 3.6 0.05 10.1 ± 3.9 10.7 ± 4.6 0.43

Cost (USD)
Laboratory examinations
Administered drugs
Surgery
Total medical costs

164 ± 75
218 ± 103
895 ± 56

4,435 ± 771

88 ± 41
122 ± 79
850 ± 92

3,542 ± 508

0.01*
0.02*
0.12
0.01*

86 ± 39
148 ± 147
863 ± 98

3,851 ± 400

86 ± 44
125 ± 92
869 ± 164

3,919 ± 837

0.97
0.13
0.83
0.61

Readmission (days)
≤ 14
15–30
31–90

0 (0.0)
0 (0.0)
0 (0.0)

7 (2.8)
8 (3.2)
9 (3.6)

0.59
0.57
0.54

0 (0.0)
1 (2.6)
2 (5.1)

40 (3.6)
24 (2.2)
48 (4.3)

0.23
0.87
0.81

2001–2005 (n = 23) (n = 410) (n = 47) (n = 2,026)

Gender†
Male
Female

6 (26.1)
17 (73.9)

168 (41.0)
242 (59.0)

0.16
12 (25.5)
35 (74.5)

528 (26.1)
1,497 (73.9)

0.93

Age (yr) 56.8 ± 13.7 60.9 ± 12.9 0.15 59.6 ± 7.3 68.6 ± 7.9 < 0.01*

CCI
0
1
≥ 2

0 (0.0)
20 (87.0)

3 (13.0)

361 (88.0)
43 (10.5)
6 (1.5)

< 0.01*
0 (0.0)

37 (78.7)
10 (21.3)

1,723 (85.0)
256 (12.6)
47 (2.3)

< 0.01*

Hospital grade
Centre
Regional
District

12 (52.2)
5 (21.7)
6 (26.1)

225 (54.9)
99 (24.1)
86 (21.0)

0.84
21 (44.7)
15 (31.9)
11 (23.4)

787 (38.8)
577 (28.5)
662 (32.7)

0.41

ALOS (days) 8.9 ± 4.6 8.4 ± 3.6 0.54 8.2 ± 2.7 8.4 ± 3.2 0.63

Cost (USD)
Laboratory examinations
Administered drugs
Surgery
Total medical costs

145 ± 189
142 ± 235
934 ± 35

3,906 ± 1,074

91 ± 52
83 ± 59

875 ± 57
3,379 ± 386

0.19
0.25

< 0.01*
0.03*

87 ± 37
82 ± 51

859 ± 63
3,596 ± 290

84 ± 42
84 ± 97

868 ± 110
3,615 ± 469

0.54
0.91
0.59
0.79

Readmission (days)
≤ 14 
15–30
31–90

2 (8.7)
0 (0.0)
2 (8.7)

7 (1.7)
10 (2.4)
16 (3.9)

0.02*
0.45
0.26

0 (0.0)
1 (2.1)
7 (14.9)

46 (2.3)
35 (1.7)
95 (4.7)

0.30
0.83

< 0.01*

2006–2010 (n = 16) (n = 531) (n = 60) (n = 3,439)

Gender
Male
Female

3 (18.8)
13 (81.3)

203 (38.2)
328 (61.8)

0.11
12 (20.0)
48 (80.0)

857 (24.9)
2,582 (75.1)

0.38

Age (yr) 60.9 ± 12.0 63.2 ± 13.2 0.50 64.0 ± 10.1 69.9 ± 7.9 < 0.01*

CCI
0
1
≥ 2

0 (0.0)
10 (62.5)
6 (37.5)

431 (81.2)
91 (17.1)
9 (1.7)

< 0.01* 0 (0.0)
47 (78.3)
13 (21.7)

2,627 (76.4)
721 (21.0)
91 (2.6)

< 0.01*

(Contd...)
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underwent THR, 49 (1.72%) were RA patients; and of the total 
of 7,352 patients who underwent TKR, 146  (1.99%) were RA 
patients. Comparing between the RA and OA patients in our 
study cohort, we found no significant differences in gender ratio 
in both the THR and TKR groups. In the present study, 71.4% of 
the RA patients who underwent THR were female, while 80.8% 
of the RA patients who underwent TKR were female. There was 
no significant difference among the different groups. The greater 
incidence of surgery performed in female RA patients parallels 
the overall greater incidence of RA in females in Taiwan.

Although RA is most commonly diagnosed in patients aged 
40–50 years, onset can occur at any age. In the present study, 
the diagnosis of RA was confirmed based on the catastrophic 

illness claim data in the NHIRD. Application for a catastrophic 
illness certificate for RA requires thorough clinical and laboratory 
analysis and is based on the diagnostic criteria of the American 
Rheumatism Association.(18) Our analysis indicated a significant 
difference in the age at registration for catastrophic illness 
between RA patients who underwent THR and RA patients who 
underwent TKR (51.4 years vs. 60.6 years; p < 0.01) (data not 
shown). In addition, over the study’s 15-year duration, the age 
at which RA patients received either THR (44.8 years) or TKR 
(54.4 years) was significantly lower than the age at which OA 
patients received either THR (58.6 years) or TKR (66.9 years).

Other than affecting the synovial joints, RA can also 
affect many other organs. It contributes to lung fibrosis, renal 

Characteristic Total hip replacement Total knee replacement

RA patients OA patients p‑value RA patients OA patients p‑value

Hospital grade
Centre
Regional
District

9 (56.3)
5 (31.3)
2 (12.5)

234 (44.1)
161 (30.3)
136 (25.6)

0.45
30 (50.0)
21 (35.0)

9 (15.0)

1,262 (36.7)
1,191 (34.6)

986 (28.7)

0.04*

ALOS (days) 7.3 ± 1.8 7.3 ± 2.5 0.89 7.4 ± 2.8 7.4 ± 2.6 0.87

Cost (USD)
Laboratory examinations
Administered drugs
Surgery
Total medical costs

124 ± 58
75 ± 104

899 ± 14
3,510 ± 297

107 ± 59
53 ± 74

900 ± 32
3,401 ± 366

0.24
0.26
0.90
0.24

102 ± 41
54 ± 65

862 ± 62
3,626 ± 302

103 ± 61
55 ± 82

909 ± 88
3,772 ± 455

0.92
0.90

< 0.01*
0.01*

Readmission (days)
≤ 14
15–30 
31–90

0 (0.0)
0 (0.0)
0 (0.0)

8 (1.5)
5 (0.9)

17 (3.2)

0.62
0.70
0.47

2 (3.3)
1 (1.7)
4 (6.7)

59 (1.7)
47 (1.4)

115 (3.3)

0.34
0.84
0.16

Note: Categorical data is presented as no. (%), while continuous data is presented as mean ± standard deviation. Hospital charges were converted from Taiwan 
dollars to United States dollars using an exchange rate of 31.64:1, based on the average from 1996–2010. *p‑value is statistically significant. †Data on gender was 
not available for one patient. ALOS: average length of stay; CCI: Charlson comorbidity index

Table I. (Continued...)

Table II. Analysis of the outpatient medical costs before and after surgery (3 months before surgery, and 3, 4–6 and 7–12 months after 
surgery) based on repeated measure ANOVA.

Parameter Total hip replacement Total knee replacement

RA patients p‑value* OA patients p‑value* p‑value† RA patients p‑value* OA patients p‑value* p‑value†

1996–2000
3 mths before
3 mths after
4–6 mths after
7–12 mths after

(n = 10)
67 ± 78
58 ± 53
43 ± 55
42 ± 82

–
1.00
1.00
1.00

(n = 250)
62 ± 80
77 ± 96
38 ± 62
51 ± 98

–
0.20

< 0.01§

0.39

0.87
0.54
0.82
0.79

(n = 39)
28 ± 34
70 ± 131
33 ± 66
34 ± 76

–
0.40
1.00
1.00

(n = 1,109)
63 ± 74
82 ± 100
38 ± 71
46 ± 104

–
< 0.01§

< 0.01§

< 0.01§

< 0.01§

0.48
0.66
0.47

p‑value‡ 0.80 < 0.01§ 0.08 < 0.01§

2001–2005
3 mths before
3 mths after
4–6 mths after
7–12 mths after

(n = 23)
90 ± 178
91 ± 94
30 ± 62

109 ± 245

–
1.00
0.93
1.00

(n = 410)
74 ± 88
77 ± 91
43 ± 90
58 ± 138

–
1.00

< 0.01§

0.08

0.41
0.49
0.47
0.33

(n = 40)
59 ± 66
73 ± 119
33 ± 70
35 ± 81

–
1.00
1.00
1.00

(n = 2,026)
64 ± 83
88 ± 102
36 ± 75
51 ± 117

–
< 0.01§

< 0.01§

< 0.01§

0.72
0.31
0.74
0.34

p‑value‡ 0.31 < 0.01§ 0.11 < 0.01§

2006–2010
3 mths before 
3 mths after
4–6 mths after
7–12 mths after

(n = 16)
47 ± 80
46 ± 46
24 ± 38
20 ± 34

–
1.00
1.00
0.81

(n = 531)
68 ± 80
74 ± 86
39 ± 108
43 ± 104

–
0.96

< 0.01§

< 0.01§

0.30
0.20
0.59
0.38

(n = 60)
60 ± 90
84 ± 124
48 ± 148
77 ± 342

–
1.00
1.00
1.00

(n = 3,439)
71 ± 86
94 ± 99
35 ± 79
48 ± 131

–
< 0.01§

< 0.01§

< 0.01§

0.32
0.43
0.53
0.52

p‑value‡ 0.20 < 0.01§ 0.53 < 0.01§

Note: All values, except for p values, are presented as mean ± standard deviation. Hospital charges were converted from Taiwan dollars to United States dollars 
using an exchange rate of 31.64:1, based on the average exchange rate during 1996–2010. *p‑value obtained using pairwise comparisons (after operation time 
period compared with 3 months before operation). †p‑value obtained using tests of between‑subjects effects. ‡p‑value obtained using tests of within‑subjects 
effects. §Data is statistically significant
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amyloidosis and atherosclerosis, and increases the risk of 
myocardial infarction and stroke. CCI is a well-established 
metric of the severity of comorbidities,(14,15) and is used to 
measure the severity of RA and OA. The results of the present 
study indicate that RA patients who underwent either THR or 
TKR had significantly higher CCI scores than OA patients who 
underwent the same procedures. Additionally, our analysis of the 
total medical costs incurred indicated greater costs for THR in RA 
patients in 1996–2000 and 2001–2005, and lower costs for TKR 
in RA patients in 2006–2010. The hospital grades of the patients 
who underwent THR were found to be similar in both RA and 
OA patients (p = 0.64). However, with regard to the number of 
patients who had undergone TKR in 2006–2010 at large medical 
centres, the proportion of RA patients was significantly greater 
than the proportion of OA patients (p < 0.01).

In November 1997, BNHI implemented case payment for 
both THR and TKR procedures, contributing to the lower prices 
reported in our study.(19) Previous studies reported a dramatic 
decline in the various measures of medical utilisation, particularly 
ALOS and total hospitalisation costs, after the implementation of 
a case payment system.(20,21) In all three time periods, we found 
no significant difference in the ALOS of RA and OA patients 
who received either THR or TKR. In 1996–2000, the ALOS of 
RA patients who underwent THR was 9 days longer than that of 
OA patients who underwent THR, but this difference was not 
significant. The total medical cost during hospitalisation was 
independent of patient age, gender, CCI, ALOS and hospital 
grade.

The costs of laboratory examinations and administered 
drugs were only higher for RA patients who underwent THR 
during 1996–2000 (p = 0.01 and p = 0.02, respectively). This 
is probably because RA patients who have to undergo surgery 
usually have severely deformed joints and often are on analgesics 
and disease-modifying antirheumatic drugs (DMARDs), which 
can be expensive. In 2001–2005, the cost of surgery for THR was 
significantly higher for RA patients than for OA patients, while in 
2006–2010, the cost of surgery for TKR was significantly higher 
for RA patients than for OA patients. This significantly higher 
cost of surgery in RA patients scheduled to undergo either THR 
or TKR is probably due to: (a) RA patients requiring soft tissue 
release for joint flexion contracture, and devitalised inflammatory 
synovial tissue is costly; and (b) the more complex surgery in RA 
patients. The results of the present study also showed significant 
within-subject effects for OA patients who underwent THR and 
TKR were present in all three time periods (all p < 0.01).

A previous study by March et al(22) reported that the cost 
and service usage of THR and TKR decreased over the first 
postoperative year in RA patients. RA patients generally receive 
more pre- and postoperative outpatient care than OA patients 
due to the serious nature of RA. Treatment of RA patients using 
painkillers and DMARDs, as well as rehabilitation for flexion 
contracture of joints, may also lead to greater risk of poor wound 
healing, infection and dislocation, thereby increasing costs.(6,23,24) 
Another study on RA in Australian patients by March et al reported 
that RA patients incurred significantly greater costs for THR and 

TKR than OA patients.(9) Schrama et al reported that the risk of 
revision for infection after TKR was higher in RA patients than in 
OA patients.(25) In contrast, a study by da Cunha et al concluded 
that, relative to patients with primary OA or OA secondary to 
noninflammatory disease, patients with RA did not have increased 
risk for perioperative infection in THR and TKR, which is possibly 
due to the low rates of infection in both study groups.(26) Previous 
studies indicate that RA patients with lower extremity arthroplasty 
have longer rehabilitation stays and less improvement in lower 
functional independence measures.(27,28) Nevertheless, the flexion 
contracture of RA patients is expected to resolve over time with 
physiotherapy and continual loosening of the soft tissues.

The present study was not without limitations. As it utilised 
statistical data from NHIRD, analysis of implant brands, 
complications related to surgery, operation time, amount of 
blood lost during surgery, clinical characteristics of the disease 
and private payment of medical charges not covered by National 
Health Insurance was not possible as this information was not 
available in the database. Another limitation related to the use 
of this database is that it did not allow detailed investigations 
of individual patients. As the time of surgery and severity of the 
disease are related to the National Health Insurance System in 
Taiwan, there may have been some differences in preoperative 
costs. Finally, the present study provided an analysis of direct 
costs, but not indirect costs. It is generally agreed that over an 
RA patient’s lifetime, the direct medical costs of an RA patient 
are about two times of the indirect costs.(29)

A major strength of the present study is that it was a large 
systemic comparison of THR and TKR in RA and OA patients over 
a period of 15 years. Moreover, all diagnoses were performed 
and confirmed according to ICD-9-CM guidelines, the sample 
sizes were sufficiently large to allow meaningful comparisons, 
and the results reflect actual medical utilisation of THR and TKR 
surgeries for RA and OA patients under the governance of the 
National Health Insurance of Taiwan. The results of the present 
study provide a basis for comparisons of the use of THR and TKR 
in RA and OA patients from different populations.

In conclusion, our comparison of RA and OA patients in 
Taiwan who underwent either THR or TKR indicated that RA 
patients were younger and used significantly more medical 
resources before, during and after hospitalisation.
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