
Introduction
Knee joints destroyed by osteoarthritis (OA) or rheumatoid 
arthritis (RA) are reconstructed with total knee arthroplasty 
(TKA). TKA is an established surgical procedure that can re-
lieve knee pain, enhance knee function, and improve the pa-
tient quality of life.
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Abstract
Objective: To clarify the long-term cumulative survival rate (CSR) and standardized mortality ratio (SMR) of rheumatoid arthritis 
(RA) and osteoarthritis (OA) patients who underwent total knee arthroplasty (TKA).

Method: Data for 325 RA and OA patients with 460 primary TKAs from 1997 to 2007 were reviewed. We divided the patients 
into ≤70 years (u70) and ≥71 years (o71) groups. The follow-up duration in the RA group (n=118) was 12.8±4.8 years vs 13.0±4.1 
years in the OA group (n=207).

Results: The SMR of the female RA patients was 1.97 (95%CI 0.96-3.89) after 5 years and 4.59 (95%CI 3.44-6.10) after 20 years. 
The SMR in female OA patients was 0.41 (95%CI 0.17-0.93) after 5 years and 1.31 (95%CI 0.996-1.73) after 20 years.

The 20-year CSR of female RA-o71 patients was lowest with 9.6 (95%CI 0-26). There was no significant difference in CSR between 
the RA-u70 and OA-o71 groups. The CSR in the OA-u70 group was highest with 77.8 (95%CI 0.62-0.93). Cox proportional hazards 
model analysis of female patients showed that steroid-use [Hazard ratio (HR) 3.22, 95%CI 1.32-13.46], age (HR 1.09, 95%CI 1.05-
1.30), and rheumatoid factor (HR 1.002, 95%CI 1.00-1.01) were risk factors in the RA-u70 group.

In the RA-o71 group, steroid use (HR 4.71, 95%CI 1.35-16.7), age (HR 1.38, 95%CI 1.12-1.71) and C-reactive protein (HR 1.20, 
95%CI 1.02-1.41) were risk factors, whereas in the OA group, only age at surgery (HR 1.10, 95%CI 1.033-1.163) was a risk factor.

Conclusion: SMR of female patients was high in RA and low after 5 years in OA. RA-u70 patients had the similar cumulative sur-
vival curve as OA-o71. The CSR of RA-o71 patients was poor. The preoperative factors affecting survival differed between u-70 
and o-71 in RA.
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The global life expectancy is increasing [1] and the number of 
older people undergo TKA has also increased; TKAs are now 
performed in a wide range of age groups. For physicians and 
patients, it is very important to have information regarding 
on knee function after TKA as well as survival data in patients 
with RA and OA who have undergone TKA. Previous studies 
comparing survival rates after TKA in patients with RA and 
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OA reported a low survival rate with RA [2-5]. On the con-
trary, the reported survival rate after TKA in patients with 
OA was high [6-9], approximately the same [10, 11], or low-
er [12, 13] compared with that in the general population. 
However, there are no reports comparing the survival rate 
after TKA in elderly patients with RA and OA.

The purpose of this study was to clarify the long-term cumu-
lative survival rate (CSR) and the standardized mortality ra-
tio (SMR) of patients with OA and RA who underwent TKA, 
and to evaluate survival rates after TKA in elderly patients.

Methods and Patients

In this retrospective study, data for 328 consecutive patients 
with RA and OA with 460 primary TKAs from 22 August 
1997 to 17 December 2007 were reviewed. All surgeries 
were performed by a single surgeon in a hospital under gen-
eral anesthesia, and all patients were medically treated by 
a single physician. The study period was when methotrex-
ate and biologics were introduced as RA drug therapies in 
Japan.

The patients were followed until 30 August 2018 or until 
death. We evaluated 118 patients (169 joints) with RA and 
207 patients (286 joints) with OA. We excluded 3 patients 
with OA (5 joints) because these patients changed to anoth-
er clinic and could not be contacted within 1 year after TKA. 
All RA patients fulfilled the 1987 revised American College 
of Rheumatology criteria for RA [14]. OA patients were as-
sessed as grade 3 or 4 by the Kellgren–Laurence classifica-
tion of the knee [15].

As the mean age at surgery for all 325 patients was 69.6 (SD 
8.7) years, we divided the patients into two groups: ≤ 70 
years (u70) and ≥ 71 years old (o71) [9]. 

Evaluation Methods

The influence on the survival rate at the time of age of oper-
ation, preoperative height, weight, body mass index (BMI), 
Japanese Orthopaedic Association (JOA) knee score [16], bi-
lateral replacement, knee joint range of motion (ROM), and 
femorotibial angle (FTA) on standing radiographs was in-
vestigated and compared between the RA group and the OA 
group, and between subgroups u70 and o71. The effect of 
preoperative serum C-reactive protein (CRP) concentration, 
tender joint counts, swollen joint count, rheumatoid factor 
(RF), and the use of methotrexate (MTX), corticosteroids, 
and/or biologic agents just before TKA on the survival rate 
was investigated in the patients with RA.

Forty-three patients with RA and 75 patients with OA were 
evaluated by direct examination. We also conducted tele-
phone surveys and a letter survey to determine the live sta-
tus of 21 patients with RA and 65 patients with OA who had 
stopped visiting our clinic. Fifty-four patients with RA and 
67 patients with OA had died at the end of the study period, 
and in these patients, two medical clerks contacted the pa-
tients’ families to determine the date and cause of death. 

Implants and Operations

The prosthesis used in all patients was the Genesis 2 (Smith 
& Nephew, Memphis, TN, USA) [17], which was introduced 

into our country in August 1997. The TKA prostheses were 
the cruciate-retaining type in 147 implants (85.8%) in pa-
tients with RA and in 240 implants (71.3%) in OA patients; 
the posterior-stabilized type in 22 implants with RA and in 
46 implants with OA; and the revision type in 1 implant with 
RA. The patella was replaced with an inset convex patella in 
all but three knees of two patients with RA.

All TKAs were performed by one surgeon at one institution, 
and postoperative follow-up and RA medical treatment were 
performed by the same surgeon, since he is also a board-cer-
tified rheumatologist approved by Japanese Rheumatology 
Association.

Statistical Analysis

The CSR was estimated using the Kaplan–Meier method. 
Preoperative variables were compared between living and 
dead patients in each of the four subgroups using the Cox 
proportional hazard model. As appropriate, statistical ana-
lyzes were performed using univariate and multivariate 
regression models, Student’s t test, the Chi-square test, and 
one-way ANOVA followed by Bonferroni post hoc. For all 
statistical analyses, p<0.05 was considered to indicate sig-
nificance. Details of the results of the statistical analysis are 
given in the supplementary data.

The expected mortality rate was calculated from the age- 
and sex-specific Japanese population rates from 1977 to 
2007 [18]. SMR was calculated by dividing the observed 
number of deaths by the expected number of deaths. Results 
are expressed as SMR with the associated 95% confidence 
interval. All statistical analyzes were performed with the 
Bell curve for Excel (version 3.20) (Social Survey Research 
Information). 

Results
Overall Outcome

The mean age at surgery for the 118 patients in the RA group 
was 64.6 (10.3) years, and the mean age for the 207 patients 
in the OA group was 72.9 (5.8) years. Table 1 and Supple-
mentary Table S1 show the variable data for the RA and OA 
groups, each divided into u70 and o71 subgroups. With the 
reference to report of Hunt et al [9], we divided the patients 
into two age groups. Females accounted for more than 80% 
of the patients in all the four groups. The mean age at surgery 
of the RA-u70 group (58.9 years) was significantly younger 
than the age of the other three groups. The mean ages of the 
RA-o71 and OA-o71 groups were 74.6 years and 76.2 years, 
respectively. The mean age at the incidence of RA for the fe-
male u70 group was 43.1 (12.6) and 60.8 (8.7) years for the 
female o71 group (Table 1 and supplementary Table S1).

Body weight and BMI were higher in the OA group. The num-
ber of patients with bilateral TKA in the RA-u70 group was 
significantly higher than in the OA-u70 group. The range 
of motion was worse in the RA-u70 group than in the OA 
group, and the JOA score in the RA-o71 group was higher 
than in the RA-u70 and OA-o71 groups. The FTA was larger 
in the OA group than in the RA group.
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The duration of follow-up in the RA group was 12.8 (4.8) 
years and 13.0 (4.1) years in the OA group (p =0.7195). The 
RA- and OA-u70 groups had longer follow-up durations than 
the RA- and OA-o71 groups. 

The TKA Revision was performed in 4 joints (2.4%) in the 
RA group and 7 joints (2.4%) in the OA group. The causes 
of revision constituted two mechanical loosening, one 
late infection, and one fracture in the RA group, and three 
late infections, two fractures, one dislocation, and pain in 
the OA group. The 21-year CSR after TKA was 97.0% for both 
the RA and OA groups. CSR were 97.7%, 96.2%, 95.8%, and 
97.9% in the RA-u70, RA-o71, OA-u70, and OA-o71 groups, 
respectively (log-rank test: p= 0.7718).

Age and Cause of Death 

During follow-up, 54 (45.8%) of the 118 patients in the RA 
group and 67 (32.4%) of the 207 patients in the OA group 
died. In particular, 27 (62.8%) patients in the RA-o71 group 
died, which was the highest rate in the four groups (Table 1 
and supplementary data).

The mean age at death was 78.1 (9.0) years in the RA group 
and 85.3 (6.5) years in the OA group (p <0.001). When com-
paring the mean age at death of female patients in the four 
groups, the RA-u70 group was younger than the other three 
groups; the mean age at death in the RA-o71 group was not 
different from that in the OA groups (Table 1). The period 
from surgery to death of female patients is RA-u70 group 9.8 
(4.2), RA-o71 group 9.5 (4.6), OA-u70 group 11.1 (5.8) and 
OA-o71 group 10.2 (3.7) years.

The causes of death were respiratory diseases (n=5) and 
infectious diseases (n=4) in the RA-u70 group, and respira-

tory diseases (n=6), senile dementia (n=7), and malignant 
tumors (n=5) in the RA-o71 group. Malignant tumors (n=8) 
were common in the OA-u70 group, and cardiovascular dis-
ease (n=15), senile dementia (n=11), and malignant tumors 
(n=9) were causes in the OA-o71 group. Other deaths due 
to renal dysfunction (n=3) and multiple organ failure (n=2) 
were observed in the RA-u70 group, but not in the RA-o71 
and OA groups.

The mortality rate in the RA group was 35.7 per 1000 per-
son-years (95% CI: 26.2–45.2) and 25.2 per 1000 person-
years (95% CI: 19.2–31.2) in the OA group. When comparing 
mortality rates in the four groups, the highest mortality rate 
occurred in the RA-o71 group at 58.2 per 1000 person-years 
(95% CI: 26.9–89.5). The rate in the RA-u70 group was 25.7 
per 1000 person-years (95% CI: 11.9–39.6); OA-u70: 17.2 
per 1000 person-years (95% CI: 9.0–25.4) and OA-o71: 29.8 
per 1000 person-years (95% CI: 21.6–37.9).

Only two patients died within 1 year after TKA. None of the 
patients died from TKA surgery-related complications.

Comparison of the SMRs

The age- and sex-specific SMR of patients after the primary 
TKA was calculated according to the Japanese demographics 
for 1997 to 2015 (Table 2) (18). In female patients, the SMR 
of the RA group was as high as 1.97 after 5 years, 3.49 after 
10 years and 4.59 after 20 years (Table 2). The SMR of the 
female OA group was 0.41 after 5 years, which was lower 
than that of the general population, and 1.15 after 15 years 
and 1.31 after 20 years.

Table 1. Variable of RA-u70, RA-o71, OA-u70 and OA-o71 groups
RA-u70 RA-o71 OA-u70 OA-o71

patients (joints) 75 (111) 43 (58) 67 (83) 140(203)

female (%) 66 (88.0) 40 (93.0) 56 (82.8) 131 (92.9)

age at operation (y) 58.9±8.5 74.6±2.7 66.5±3.8 76.2±3.7

height 155.4±7.4 150.5±7.4 154.7±8.0 151.2±6.7

body weight 51.0±9.7 47.9±7.7 62.2±10.7 56.3±8.9

BMI 21.1±3.4 21.1±2.6 25.9±3.6 24.6±3.2

bilateral TKA (pts) 38 (50.7%) 13 (30.2%) 21 (31.3%) 61 (43.6%)

CR type 93 (83.8%) 54 (93.1) 68 (82.0%) 172 (84.7%)

ROM 90.2±31.7 98.5±25.1 103.6±18.1 106.3±18.1

JOA total score 46.2±13.1 51.9±8.9 48.5±11.2 47.5±10.0

FTA 174.9±8.0 177.6±6.9 186.5±6.4 186.3±6.8

follow-up period (y) 14.0±4.5 10.8±4.5 14.7±4.1 12.1±3.9

Death patients (female) 27 (25) 27 (25) 17 (11) 50 (46)

age at death 71.8±7.2 84.4±5.6 79.9±5.3 87.1±5.8

CR: cruciate retention, FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, OA; Osteoarthritis, o71; over 71 years old, pts; pa-
tients, RA; rheumatoid arthritis, ROM; range of motion, TKA; total knee arthroplasty, u70; under 70 years old, y; year.
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Although a small number of male patients were analyzed, the SMR after 5 years was 0.92 for the RA group and 0.71 for the OA 
groups. Twenty years after TKA, the SMR for male RA patients was 1.42 and that for male OA patients was 2.03.

Comparison of the CSRs

Figure 1 shows the CSRs of female patients with RA and OA up to 20 years after surgery. Table 3 and supplementary data 
Table S2 compare the CSR every 5 years up to 20 years. The OA group had a higher survival rate than the RA group over the 
course of follow-up, and the CSR after 20 years was 41.9% in the RA group and 57.0% in the OA group (Fig.1 and Table 3).

Table 2. Standardized mortality rates every 5 years for each sex and each group
female RA male RA

years SMR 95% CI Observed deaths Expected death SMR 95% CI Observed deaths Expected death

5 1.97 0.96-3.89 9 4.56 0.92 0.05-5.96 1 1.09

10 3.49 2.38-5.08 29 8.32 0.93 0.16-3.75 2 2.15

15 4.02 2.93-5.49 42 10.44 1.42 0.46-3.92 4 2.81

20 4.59 3.44-6.10 50 10.90 1.42 0.46-3.91 4 2.81

female OA male OA

5 0.41 0.17-0.93 6 14.77 0.71 0.12-2.85 2 2.83

10 0.82 0.54-1.23 25 30.61 1.58 0.73-3.24 8 5.07

15 1.15 0.84-1.55 45 39.31 1.88 0.99-3.48 11 5.84

20 1.31 0.996-1.73 54 41.11 2.03 1.10-3.65 12 5.92

CI; confidence interval, OA; osteoarthritis, RA; rheumatoid arthritis, SMR; standardized mortality rate

Figure 1. Cumulative survival curve of female patients with 
rheumatoid arthritis and osteoarthritis.

OA: osteoarthritis, RA; rheumatoid arthritis, u70; under 70 years old, 
o71; over 71 years old

OA: osteoarthritis, RA: rheumatoid arthritis, log-rank test 0.005

Figure 2. Cumulative survival curves of female patients with 
RA and OA divided into the u70 and o71 groups

Table 3. Cumulative survival rates every 5 years of female patients with RA and OA, and subdividing groups 
were estimated by the Kaplan-Meire method.

Age at TKA 5yrs (95％CI) 10yrs (95％CI) 15yrs (95％CI) 20yrs (95％CI)
RA (n=106)
OA (n=187)

64.7±10.4
73.0±5.8

91.5 (86-96)
96.8 (94-97)

74.6 (66-82)
87.4 (83-92)

57.3 (47-67)
72.6 (66-80)

41.9 (30-54)
57.0 (45-69)

RA-u70
RA-o71
OA-u70
OA-o71

58.7±8.8
74.5±2.6
66.3±4.0
75.9±3.7

95.5 (90-100)
85.0 (74-96)
96.4 (92-100)
97.0 (94-100)

75.8 (65-86)
67.5 (52-82)
94.6 (89-100)
84.2 (78-91)

66.5 (54-78)
38.2 (19-57)
87.1 (77-97)
66.3 (57-75)

55.5 (41-70)
9.6 (0-26)

77.8 (62-93)
44.8 (28-61)
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The CSRs of female patients with RA and OA divided into the u70 and o71 groups are shown in Figure 2, Table 3 and Supple-
mentary Table S2. The OA-u70 group had the highest survival rate of the four groups, and the RA-o71 group had the lowest. 
There was no significant difference in CSR between RA-u70 and OA-o71 over the course of the follow-up.

The CSR of female RA group was lower than that of the female OA group. The 5-year survival rates of the RA-u70, OA-u70, and 
OA-o71 groups were ≥ 90%, with no significant differences between the groups. The survival rate of the OA-o71 group was 
lower than that of the OA-u70 group 15 and 20 years after TKA [19-21].

Risk Factors for Mortality

The preoperative factors that affect mortality were investigated using the Cox proportional hazards model. In the RA group, 
age at TKA, RF titer, and steroid use were risk factors for mortality. CRP, MTX, and biologic-use were not influential factors.

When the hazard risk ratio was analyzed by dividing female patients with RA into u70 and o71 groups, in u70 group, age, RF 
titer and steroid-use were risk factors (Table 4). However, in the o71 group, age, steroid-use, and CRP were risk factors, and 
RF titer was not (Table 5). 

Table 4. Analysis of preoperative clinical data of female RA patients under 70 years by Cox Proportional Hazard Model

CRP; C reactive protein, FTA; femorotibial angle, JOA; Japanese orthopaedic association, MTX; methotrexate, OA; Osteoarthritis, RA; 
rheumatoid arthritis, ROM; range of motion 

Table 5. Analysis of preoperative clinical data of female RA patients over 71 years by Cox Proportional Hazard Model
pre-operative variable data 15 survivals (M±SD) 25 deaths (M±SD) Hazard ratio 95% CI P value

age at operation 73.5±2.3 75.0±2.6 1.3845 1.12-1.71 0.002

height (cm) 151.7±5.8 148.0±6.5 0.9149 0.79-1.05 0.219

body weight (kg) 50.1±8.1 45.5±7.0 1.0263 0.91-1.16 0.676

Unilateral:1, bilateral:2 1.3±0.5 1.3±0.5 0.3220 0.09-1.12 0.075

ROM (degree) 98.3±27.2 97.0±24.9 1.0099 0.99-1.03 0.385

JOA total score 52.1±11.4 50.6±6.1 1.0596 0.98-1.15 0.168

FTA 179.7±6.7 175.7±6.8 0.9895 0.92-1.07 0.787

rheumatoid factor (IU/mL) 144.7±169.6 171.2±149.8 1.0029 0.99-1.01 0.173

MTX-use (0:no, 1: use) 0.5±0.5 0.4±0.5 0.4770 0.16-1.45 0.192

steroid-use (0:no, 1: use) 0.3±0.5 0.4±0.5 4.7435 1.35-16.7 0.015

biologic-use (0:no, 1: use) 0.1±0.3 0.04±0.2 2.7068 0.28-26.34 0.391

CRP (mg/dL) 2.8±3.1 4.5±3.1 1.1988 1.02-1.41 0.032

tender joint count 4.7±4.2 4.8±3.0 1.2462 0.98-1.59 0.077

swollen joint count 9.8±7.4 7.7±4.4 0.8542 0.73-1.00 0.053

pre-operative variable data 41 survivals (M±SD) 25 deaths (M±SD) Hazard ratio 95% CI P  value
age at operation 56.6±9.3 62.2±6.7 1.093 1.05-1.30 0.004
height (cm) 154.5±6.1 152.8±6.9 1.022 0.97-1.15 0.223
body weight (kg) 52.5±9.5 45.8±8.1 0.983 0.90-1.02 0.196
unilateral:1, bilateral:2 1.5±0.5 1.6±0.5 0.631 0.49-3.76 0.559
ROM (degree) 83.7±37.1 97.4±24.1 1.010 0.99-1.02 0.922
JOA total score 46.6±13.8 44.0±12.0 0.999 0.96-1.03 0.885
FTA 174.3±7.6 175.4±9.0 1.007 0.95-1.10 0.594
rheumatoid factor (IU/mL) 114.0±122.1 279.4±267.2 1.002 1.00-1.01  < 0.001
MTX-use (0:no, 1: use) 0.7±0.5 0.5±0.5 0.601 0.32-1.94 0.609
steroid-use (0:no, 1: use) 0.5±0.5 0.8±0.4 3.221 1.32-13.46 0.015
Biologic-use (0:no, 1: use) 0.17±0.38 0.0 unable to evaluate
CRP (mg/dL) 3.4±3.5 4.3±3.8 1.070 0.92-1.21 0.463
tender joint count 6.3±7.9 7.6±8.1 1.039 0.88-1.04 0.294
swollen joint count 11.0±8.5 12.4±8.9 0.961 0.94-1.11 0.684
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CRP; C reactive protein, FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, MTX; methotrexate, ROM; range of motion

In the female OA group, age at surgery was the only risk factor (Table 6). However, there was no influence factor for all items, 
including age at surgery in the u70 and o71 groups. Additionally, preoperative height, weight, bilateral TKA, ROM, FTA, and 
JOA score did not affect mortality in the four groups.

Table 6. Analysis of preoperative clinical data of female OA patients by Cox Proportional Hazard Model
pre-operative variable data 130 survivals (M±SD) 57 deaths (M±SD) Hazard ratio 95% CI P value

age at operation 72.3±5.7 75.5±5.0 1.0957 1.033-1.163 0.003

height (cm) 151.4±6.0 150.6±6.8 1.0600 0.963-1.074 0.545

body weight (kg) 57.8±8.6 54.8±8.9 0.9793 0.941-1.019 0.307

Unilateral:1, bilateral:2 1.4±0.5 1.5±0.5 1.0600 0.596-1.885 0.843

ROM (degree) 104.3±19.4 106.8±19.9 1.0077 0.992-1.024 0.346

JOA total score 48.3±10.3 44.8±10.9 0.9851 0.957-1.015 0.316

FTA 186.4±6.7 187.0±6.7 1.0042 0.961-1.049 0.852

FTA; femorotibial angle, JOA; Japanese Orthopaedic Association, ROM; range of motion.

Discussion
The most important findings of this study are that the sur-
vival rate 20 years after TKA was significantly lower in the 
RA group than in the OA group (Fig.1, Table 3). There was 
no significant difference in CSR between the RA-u70 group 
and the OA-o71 group. The survival curve for RA-u70 was 
similar to that of OA-o71.

The SMR of the female RA group was as high as 1.97 after 5 
years, 3.49 after 10 years, and 4.59 after 20 years (Table 2). 
The SMR of the female OA group was 0.41 after 5 years, 1.15 
after 15 years, and 1.31 after 20 years.

The preoperative factors affected survival were age at sur-
gery, RF titer, and steroid-use in the RA-u70 group. In the 
RA-o71 group, CRP was an additional risk factor, instead of 
RF. In the OA group, only age at TKA was a risk factor for 
mortality.

The above results were obtained by investigating patients 
with RA and OA who were operated on by one surgeon and 
followed by the same surgeon. The surgeon has a unique 
trait being as a board-certified rheumatologist as a board-
certified orthopedic surgeon, and he is keen on interested 
in treating patients with rheumatic diseases (i.e., RA and 
OA) on his own over the perioperative and postoperative 
periods. The data was not influenced by surgeons’ and rheu-
matologist’ differences in treatment, which suggesting that 
the exploited outcomes were less vulnerable isolated from 
potential confounding issues.

In this retrospective study, we followed 328 patients with 
RA and OA with 460 primary TKAs from 22 August 1997 to 
17 December 2007 for up to 21 years. Because more than 
80% of the RA and OA patients were women in this study, 
the analysis was performed primarily for female patients.

To the best our knowledge, no reports have compared the 
CSRs of RA and OA after TKA by age group.

CSR in Female Patients

The CSRs of patients in the RA-u70 group who underwent 
TKA at a mean age of 58.9 years and patients in the OA-o71 
group, with a mean age of 76.2 years, showed similar surviv-
al curves. The CSR of the RA-o71 patients, who underwent 
TKA at a mean age of 74.6 years, was significantly lower 
than for the OA-o71 patients, who underwent TKA at a mean 
age of 76.2 years. 

When Comparing the RA-u70 and OA-o71 female groups re-
garding respect to death, the mean age at surgery of the RA-
u70 group was approximately 15 years younger and the time 
to death of two groups was approximately 10 years. Because 
the SMR of the OA-o71 group was not different from that of 
the general population, it can be said that RA patients who 
underwent TKA under 70 years of age had similar mortality 
rates as the general population, which was 15 years older. 

Although there are few reports evaluating the mortality of 
elderly-onset RA, mortality for seropositive elderly-onset 
RA is higher than that of the general population [32]. How-
ever, the studies did not find any difference in seronegative 
RA [33]. The mortality rate of the RA-o71 group was 58.2 
per 1000 person-years. These results show that RA is a more 
serious condition than OA. Special attention should be paid 
to survival prognosis when it becomes necessary to perform 
TKA in elderly RA patients.

Comparison of SMRs

SMR is a method of comparing the mortality rate of a cohort 
with the mortality rate of the general population of the area. 
SMR constitutes the number of deaths in the cohort divided 
by the expected deaths of the general population. The re-
ported SMR in patients with RA-TKA is 0.81 (95% CI: 0.52-
1.25), with a mean follow-up period of 5.4 years [6]. Accord-
ing to our findings, the SMR of female RA patients was as 
high as 1.97 (95% CI: 0.96–3.89) after 5 years and signifi-
cantly higher 10-20 years after surgery. These results were 
similar to Böhm and colleagues’ report [2].

RA patients who have not undergone surgery have a high-
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er mortality rate than the general population [22, 24, 25, 
34]. Shourt and colleagues reported that RA patients who 
underwent joint reconstructive procedures have higher 
mortality rates than RA patients who have not undergone 
surgery [26]. Among patients with RA, those who undergo 
TKA have a high disease activity and are severe cases.

The SMR was 0.41 in female patients with OA 5 years after 
TKA in this study. Several reports found that SMR was de-
creased than that in the general population 5-10 years after 
TKA [2, 6, 8, 9, 11-13]. This is because healthier people are 
selected for surgery [9, 13]. Ravi and colleagues reported 
that TKA reduced cardiovascular events [35]. On the con-
trary, some reports indicated that SMR increases long-term 
in patients with OA after TKA, but the cause has not been 
clarified [12, 13]. The results of our 20-year follow-up study 
showed that the SMR did not differ from that of the general 
population. 

However, several reports indicated that the mortality rate in 
patients with knee OA with symptoms is higher than that in 
the general population without OA [27-30, 35]. It has been 
reported that dysfunction and pain increased mortality 
rates [30], and that subjects with symptomatic OA are likely 
to take non-steroidal anti-inflammatory drugs, which are 
associated with excess mortality from gastrointestinal and 
cardiovascular diseases [29].

Combined with the report indicating that the survival rate 
of OA patients undergoing TKA was higher than that of OA 
patients receiving conservative therapy [7] and our results, 
TKA should be actively considered for symptomatic OA pa-
tients with K-L classification grade 3 or 4. 

Preoperative Risk Factors Associated with Mortality

Analysis of the Cox proportional hazards model of female 
patients showed that the RA group had significant hazard 
ratios for age at TKA, RF titer, and steroid-use; we did not 
see any effect for biological administration. This result was 
similar to previously described risk factors for RA patients 
without surgery [5, 25].

The RA-u70 group had similar results to the RA group (Table 
IV), but in the RA-o71 group, CRP was a risk factor instead of 
the RF titer (Table V). We considered that this was because 
the difference in RF titers between survivals and deaths is 
lower in the o71 group than in the u70 group, and the RF 
titers of deaths in the o71 group were lower than in the u70 
group (Table IV, V). 

In the patient of elderly-onset RA with a high disease activ-
ity, it is necessary to control inflammation regardless of the 
RF titer. More follow-up studies and a detailed analysis of 
mortality in more elderly-onset RA patients are needed.

In the group of women with OA in this study, age at the time 
of operation was the only risk factor for mortality (Table 
VI). Sub-analysis of the u70 and o71 groups identified no 
risk factors, including age. 

Age and Cause of Death After TKA

The mean life expectancy of Japanese people in 2017 was 
87.3 years for women and 81.1 years for men [1]. In this 

study, the mean age at death of OA-o71 was 87.2 years for 
women and 85.3 years for men. Patients with knee OA who 
undergo TKA after the age of 71 are likely to be able to live 
in an environment similar to people with few physical ab-
normalities or to be selected for TKA, even though they are 
older. However, because we were unable to investigate co-
morbidities, we could not draw a definitive conclusion on 
this issue, and further research is needed.

According to statistics regarding on causes of death in Japa-
nese people, malignant tumors were the most common, 
followed by heart disease and cerebrovascular disease [1]. 
This tendency was similar in the OA group [9, 27, 28]. On the 
contrary, in the RA group, many deaths were due to respi-
ratory diseases, infectious diseases, renal dysfunction, and 
multiple organ failure, as in previous reports [23-25].

There are many limitations in this study. The number of pa-
tients analyzed might be considered relatively low for this 
type of study; especially with regard to the number of male 
patients. Complications, such as comorbidities, American 
Society of Anesthesiologist grade, and smoking, were not 
investigated. Despite these limitations, this study has sev-
eral advantages, including that all patients with OA and RA 
were operated by a single doctor and underwent the same 
postoperative rehabilitation protocol and received the same 
basic medications, especially in RA patients, and follow-up 
with the same doctor in a single hospital.

Conclusions
The CSR was higher in patients with OA versus RA. The sur-
vival rate of the women in the OA-u70 group was highest, 
similar for RA-u70 and OA-o71, and particularly poor in the 
RA-o71 group. The survival curves for the RA-u70 and the 
OA-o71groups were similar over the course of the follow-up. 

The SMR was significantly higher for women with RA. In OA 
patients SMR was lower than that of the general population 
after 5 years and was 1.1 after 15 years.

The preoperative factors that affected survival were age at 
surgery, RF titer, and steroid use in the RA-u70 group. In the 
RA-o71 group, CRP was an additional risk factor, instead of 
RF. In the OA group, only age at TKA was a risk factor.

In patients with RA over 71 years of age with a high disease 
activity, it is necessary to control inflammation regardless of 
the RF titer. TKA should be actively considered in patients 
with advanced knee osteoarthritis.
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