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Abstract
Objective

Rheumatoid arthritis (RA) is known to be associated with multiple comorbidities and, therefore, overall management is 
critical for those patients undergoing elective major orthopaedic surgeries, such as total hip arthroplasty (THA) and total 
knee arthroplasty (TKA). The purpose of this study was to compare in-hospital outcomes of elective THA and TKA between 
patients with and without RA in the US during the last decade. We hypothesised that patients with RA would have similar 

perioperative outcomes after elective THA and TKA.

Methods 
Clinical data were derived from the US Nationwide Inpatient Sample (NIS) between 2000 and 2009. Patients who 

underwent elective THA and TKA were identified. Data regarding patient- and healthcare system-related characteristics, 
comorbidities, in-hospital complications, and mortality were retrieved. In-hospital outcomes of the procedures were 

compared between patients with and without RA.

Results
Comparison between patients with and without RA showed that patients with RA had significantly lower overall 

in-hospital complication rates following THA and TKA, and lower in-hospital mortality rate following THA. Patients 
with RA undergoing THA and TKA had decreased risk of overall in-hospital complications compared to those without RA.

Conclusion
Contrary to our hypothesis, perioperative outcomes of elective THA and TKA in patients with RA were better than those 

in patients without RA. These results may indicate that patient selection and pre- and perioperative management of patients 
with RA undergoing elective THA and TKA were well conducted in the US during the last decade.
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Introduction
Although widespread use of potent 
disease-modifying drugs and biologic 
therapy has improved the outlook for 
patients with rheumatoid arthritis (RA) 
(1), orthopaedic surgery maintains a 
significant role in the management of 
end-stage joints (2). Total hip arthro-
plasty (THA) and total knee arthroplas-
ty (TKA) are among the major ortho-
paedic surgeries for patients with RA. 
The need for THA and TKA has been 
a severe long-term consequence for pa-
tients with RA (3).
RA is known to be associated with a 
multitude of comorbidities and has the 
potential to deteriorate different organ 
systems (4). Cardiovascular disease, 
pulmonary disease, and osteoporosis are 
the well-known comorbidities for pa-
tients with RA. Drug treatment for RA 
has improved markedly and decreased 
the risk of comorbidities such as cardio-
vascular disease (5, 6). However, such 
medications are also associated with 
certain comorbidities. Furthermore, im-
munosuppressive agents can increase 
the risk of postoperative infection (2). 
Therefore, decisions regarding manage-
ment of medications must be made in 
the perioperative period, balancing the 
RA disease activity and the negative ef-
fects of medication therapy (2).
Patients with RA undergoing major sur-
gical procedures such as THA and TKA 
require careful preoperative assessment 
for optimal outcomes and fewer adverse 
events (2). The purpose of this study 
was to compare in-hospital outcomes 
of elective THA and TKA procedures 
between patients with RA and without 
RA, using population-based national 
hospital discharge data collected for 
the Nationwide Inpatient Sample (NIS) 
during the last decade. In addition, the 
risks of RA for those outcomes were 
analysed with the use of logistic regres-
sion. We hypothesised that patients with 
RA would have similar perioperative 
outcomes as compared to those without 
RA after elective THA and TKA.

Materials and methods
Data source
The NIS is the largest all-payer inpa-
tient care database in the US and con-
tains data from approximately 8 mil-

lion hospital stays from 1,000 hospitals 
each year. These data comprise a 20% 
stratified sample of all US community 
hospitals (7). Each entry in the data-
base represents a single hospitalisation 
record. Records in the NIS database 
include discharge and hospital infor-
mation, which was used to generate 
national estimates in this analysis. The 
Nationwide Inpatient Sample is pub-
licly available and contains no personal 
identifying information; therefore, this 
study was exempt from institutional re-
view board approval.

Patient selection
Our study samples were retrospec-
tively obtained from the NIS between 
2000 and 2009, using codes from the 
International Classification of Diseas-
es, 9th revision, Clinical Modification 
(ICD-9-CM). Patients aged ≥18 who 
underwent primary THA (81.51), and 
primary TKA (81.54) were included in 
this study. ATYPE 3 (code for elective 
admission) was included to exclude 
confounding cases such as fracture cas-
es. The data of these patients were then 
sorted according to the presence (714.0, 
714.1, 714.2) and absence of RA.

Patient- and healthcare system-related 
characteristics and patient outcomes 
Patient age, gender, race, comorbidi-
ties, hospital size, hospital teaching sta-
tus, hospital region, payer information, 
complications, mortality, and disposi-
tion of patients were extracted from the 
NIS. Patients were categorised into the 
following four groups according to age: 
“18–44 years,” “45–64 years,” “65–84 
years,” and “older than 84 years.” Pa-
tients were also categorised according 
to race as “white,” “black,” “Hispanic,” 
“others,” and “not stated.” Comorbidity 
was assessed using the Elixhauser meth-
od, which is a well-established tech-
nique for identifying comorbidities from 
administrative databases (8). Elixhauser 
comorbidity index includes a set of 30 
medical comorbidities. A diagnosis of 
RA was excluded in this study. Total 
comorbidity score was determined for 
each case by adding 1 point per comor-
bidity. Hospital size (bed number) was 
categorised into “small,” “medium,” 
and “large”, while hospital teaching sta-
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tus was categorised into “non-teaching” 
and “teaching.” Hospital census re-
gion was categorised into “Northeast,” 
“Midwest,” “South,” and “West”, and 
the payer information was categorised 
into “Medicare,” “Medicaid,” “private,” 
and “others.” In-hospital complications 
were obtained using the following ICD-
9-CM codes: neurologic complications 
(997.00–997.09); respiratory compli-
cations (518.4, 518.5 518.81–518.84, 
997.3); cardiac complications (410, 
997.1); gastrointestinal complications 
(535.0, 570, 575.0, 577.0, 997.4); uri-
nary and renal complications (584, 
997.5); pulmonary embolism (415.1); 
wound-related complications including 
infection, dehiscence, seroma, and hae-
matoma (998.1, 998.3, 998.5, 998.83, 
999.3). Four-digit and 5-digit codes 
were included under the respective 
3-digit and 4-digit codes. Disposition of 
patients was categorised into “routine,” 
“transfer to short-term hospital,” “other 
transfers,” “home health care,” “died in 
hospital,” and “other.” Other transfers 
include skilled nursing facility, interme-
diate care, and any other type of facility.

Data analysis
To calculate national estimates using 
the NIS, discharge weights supplied 
by the Federal Agency for Healthcare 
Research and Quality (AHRQ) were 
applied. Categorical patient data were 
retrieved. The t-test was used to com-
pare the means of continuous variables 
between the 2 groups. Characteristics 
between the 2 groups were assessed us-
ing χ2 tests for equality of proportion 
or Fisher’s exact test. Logistic regres-
sion models were used to determine 
the contribution of RA on perioperative 
outcomes, controlling for age, gender, 
race, Elixhauser Comorbidity Score, 
hospital size, hospital teaching status, 
hospital region, payer information and 
complications. Statistical analyses were 
performed with R v. 2.15.1 (Free Soft-
ware Foundation’s GNU General Pub-
lic License). Because of the large sam-
ple size, a p-value of 0.001 was used to 
define significant differences. 

Results
Between 2000 and 2009, there were 
1,802,382 patients aged ≥18 who under-

went elective THA, and 3,815,319 pa-
tients aged ≥18 who underwent elective 
TKA. Among them, 50,689 patients for 
THA and 121,349 patients for TKA had 
a diagnosis of RA (Table Ia, Ib). The 
mean age of patients with and without 
RA undergoing THA procedures was 
63.4 and 65.2 years, respectively, and, 
that undergoing TKA was 64.3 and 66.8 
years. The mean Elixhauser comorbid-
ity score excluding a diagnosis of RA 
was not significantly different between 
patients with and without RA for both 
THA and TKA. 
Overall in-hospital complication rates 
of both THA and TKA were signifi-

cantly lower in patients with RA than 
in those without RA (THA: 4.8% vs. 
6.3%; TKA: 4.9% vs. 6.2%, respec-
tively; p<0.001) (Table IIa, IIb). The 
in-hospital mortality rate of THA was 
significantly lower in patients with RA 
than in those without RA (THA: 0.05% 
vs. 0.15%; p<0.001) (Table IIa). There 
was no significant difference between 
those patients for the in-hospital mor-
tality of TKA; however, the rate in pa-
tients with RA decreased from 0.12% 
(2000–2004) to 0.05% (2005–2009).
Regression analysis revealed that the 
presence of RA was associated with 
the decreased risk of in-hospital overall 

Table Ia. Patient demographics of patients ≥18 who underwent elective THA between 2000 
and 2009.

    RA  Non-RA  p-value

Total number of cases 50689 1751693 
Mean age (yr) (SD) 63.4 (13.1) 65.2 (12.9) <0.001
Mean Elixhauser Comorbidity score* 1.54 1.50 0.001

    WF % WF %  

Age      <0.001
 18-44 4345 8.6% 111243 6.4% 
 45-64 20550 40.5% 666973 38.1% 
 65-84 24630 48.6% 902571 51.5% 
 ≥85 1164 2.3% 70906 4.0% 
Gender     <0.001
 Male 12620 24.9% 773698 44.2% 
 Female 38069 75.1% 977925 55.8% 
Race      <0.001
 White 29919 59.0% 1086741 62.0% 
 Black 3331 6.6% 77106 4.4% 
 Hispanic 2085 4.1% 28424 1.6% 
 Others 1125 2.2% 34966 2.0% 
 Not stated 14229 28.1% 524456 29.9% 
Elixhauser Comorbidity score*     <0.001
 0 11422 22.5% 403600 23.0% 
 1 16153 31.9% 578366 33.0% 
 2 12820 25.3% 428786 24.5% 
 3 6538 12.9% 218858 12.5% 
 4 or more 3756 7.4% 122084 7.0% 
Hospital size     <0.001
 Small 6500 12.8% 258379 14.8% 
 Medium 12240 24.1% 418660 23.9% 
 Large 31838 62.8% 1070970 61.1% 
 No information 111 0.2% 3684 0.2% 
Hospital teaching status     <0.001
 Non-teaching 24742 48.8% 888059 50.7% 
 Teaching 25837 51.0% 859951 49.1% 
 No information 110 0.2% 3683 0.2% 
Hospital region     <0.001
 Northeast 11329 22.4% 422316 24.1% 
 Midwest 14220 28.1% 519551 29.7% 
 South 19353 38.2% 594593 33.9% 
 West 5787 11.4% 215233 12.3% 
Payer information     <0.001
 Medicare 29015 57.2% 940459 53.7% 
 Medicaid 2415 4.8% 49579 2.8% 
 Private 17793 35.1% 705694 40.3% 
 Others 1397 2.8% 53320 3.0% 

RA: rheumatoid arthritis; THA: total hip arthroplasty; WF: weighted frequency; *Diagnosis of RA is excluded.
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complications (THA: OR, 0.62; 95% 
confidence interval (CI) 0.55–0.69; 
p<0.001) (TKA: OR, 0.67; 95% CI 
0.62–0.73; p<0.001) (Table IIIa, IIIb), 
respiratory complications, cardiac com-
plications, gastrointestinal complica-
tions, urinary and renal complications, 
and pulmonary embolism. Regression 
analysis revealed that the presence 
of RA was not associated with the in-
creased risk of in-hospital mortality. 
  
Discussion
This study demonstrated that patients 
with RA had significantly lower overall 
in-hospital complication rates of elec-

tive THA and TKA, and lower in-hos-
pital mortality rate of THA than those 
without RA. Patients with RA under-
going elective THA and TKA had de-
creased risk of overall in-hospital com-
plications compared to those without 
RA. Furthermore, the mean Elixhauser 
comorbidity score of patients with RA 
was not significantly different from that 
of patients without RA, undergoing 
those procedures.
Patients with RA are at an increased risk 
of developing a number of comorbid 
conditions. Certain comorbidities are 
causally associated with RA disease ac-
tivity and many others are related to its 

treatment (4). For example, RA disease 
activity related comorbidities include 
cardiovascular disease, pulmonary dis-
ease, and osteoporosis (9-11). Immu-
nosuppression drugs such as disease-
modifying drugs and biologics have 
many associated risks of comorbidities, 
ranging from liver disease to chest and 
other infections (4, 12-14). Non-steroi-
dal anti-inflammatory drugs are a major 
risk factor for a range of bowel and liver 
problems (15-17). Therefore, preopera-
tive assessment of existing comorbidi-
ties in patients with RA is critical for 
optimal outcomes when undergoing 
major surgeries such as THA and TKA 
(2). Elixhauser comorbidity score in-
cludes 29 comorbidites, excluding RA, 
and we believe this score reflects patient 
comorbidity condition adequately. Our 
result may suggest that patient selection 
for elective THA and TKA procedures 
was well conducted. 
RA has been reported to be a risk factor 
for more adverse postoperative events 
(18); therefore, careful evaluation of co-
morbidities and management of medi-
cations are necessary for preoperative 
assessment. Anesthesia should be con-
sulted when instability of upper cervical 
spine is found, to avoid manipulation 
of the neck and neurologic complica-
tions at the time of intubation if general 
endotracheal anesthesia is utilised (2). 
Provocation of cardiac ischaemia by 
stress testing can be useful in predicting 
perioperative cardiac risk (19). Deci-
sions regarding management of medica-
tions must be made in the perioperative 
period (2). RA is typically treated with 
immunosuppressive agents, including 
systematic corticosteroids, methotrex-
ate, and biologic agents. Such man-
agement should be adjusted to reach a 
desirable balance between the negative 
effect of active RA and flare on postop-
erative rehabilitation regimens, as well 
as the increase in infection risk of RA 
compared with the clear infection risk 
attributable to biologic and synthetic 
disease-modifying therapy (2, 20). For 
example, the American Rheumatology 
Association recommends that biologic 
therapy should be stopped 1 to 4 weeks 
before surgery (21). In this study, de-
spite similar comorbidity score, most 
adverse events were significantly lower 

Table I b. Patient demographics of patients ≥18 who underwent elective TKA between 2000 
and 2009.

    RA  Non-RA  p-value

Total number of cases 121349 3693970 
Mean age (yr) (SD) 64.3 (11.2) 66.8 (10.5) <0.001
Mean Elixhauser Comorbidity score* 1.72 1.72 0.753

    WF % WF %  

Age      <0.001
 18-44 5506 4.5% 69285 1.9% 
 45-64 53370 44.0% 1404031 38.0% 
 65-84 60398 49.8% 2113703 57.2% 
 ≥85 2075 1.7% 106185 2.9% 
Gender     <0.001
 Male 26144 21.5% 1350803 36.6% 
 Female 95200 78.5% 2342162 63.4% 
Race      <0.001
 White 70710 58.3% 2266771 61.4% 
 Black 8976 7.4% 174494 4.7% 
 Hispanic 4841 4.0% 101026 2.7% 
 Others 3154 2.6% 85988 2.3% 
 Not stated 33668 27.7% 1065691 28.8% 
Elixhauser Comorbidity score*     <0.001
 0 21402 17.6% 631414 17.1% 
 1 37581 31.0% 1151850 31.2% 
 2 32057 26.4% 1003190 27.2% 
 3 18660 15.4% 563726 15.3% 
 4 or more 11649 9.6% 343026 9.3% 
Hospital size     <0.001
 Small 17032 14.0% 549734 14.9% 
 Medium 29878 24.6% 921620 24.9% 
 Large 74033 61.0% 2212983 59.9% 
 No information 406 0.3% 9633 0.3% 
Hospital teaching status     <0.001
 Non-teaching 65546 54.0% 2097439 56.8% 
 Teaching 55397 45.7% 1586897 43.0% 
 No information 406 0.3% 9634 0.3% 
Hospital region     <0.001
 Northeast 23097 19.0% 717187 19.4% 
 Midwest 35474 29.2% 1145026 31.0% 
 South 49822 41.1% 1419181 38.4% 
 West 12955 10.7% 411812 11.1% 
Payer information     <0.001
 Medicare 70151 57.8% 2123240 57.5% 
 Medicaid 4948 4.1% 84770 2.3% 
 Private 42751 35.2% 1347100 36.5% 
 Others 3338 2.8% 131743 3.6% 

RA: rheumatoid arthritis; TKA: total knee arthroplasty; WF: weighted frequency. *Diagnosis of RA is excluded.
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in patients with RA than in those without 
RA and patients with RA had decreased 
risk of those events. Rheumatologists 
are frequently involved in the care of 
patients with RA in addition to the regu-
lar perioperative team (22), which might 
lead to this excellent result.
Most of the recent studies did not find 
a difference when comparing patients 
with RA operated for THA and TKA to 
those without RA for 30 days or 90 days 
mortality (22-26). Although the current 
study only includes in-hospital events, 
the mortality rate in patients with RA 
who underwent THA was significantly 
lower than that in patients without RA. 
This was not the case with TKA; how-

ever, the rate of TKA between 2005-
2009 (0.05%) was lower than that be-
tween 2000-2004 (0.12%). This also 
may indicate improved perioperative 
care for patients with RA.
Recently, Stundner et al. performed 
studies determining differences in the 
risk of perioperative adverse events in 
THA and TKA procedures between 
patients with and without RA using an-
other US nationwide database (22, 26). 
Their results showed that the adverse 
outcomes are similar between those 
patients for TKA and higher in patients 
with RA for THA. Although the crite-
ria for complications are different, their 
studies include patients with urgent or 

emergent admission. Those patients 
usually undergo the procedures for the 
treatment of fracture, particularly for 
THA. Preoperative management of 
those patients is not well prepared and 
perioperative adverse events may in-
crease. In contrast, the current study 
includes only elective cases and those 
patients have enough time for careful 
preoperative management of their co-
morbidities and medications; therefore, 
our result may indicate that pre- and 
perioperative management of patients 
with RA undergoing elective THA and 
TKA were well conducted. 
Our study is limited by several fac-
tors inherent to retrospective analysis 
of large administrative databases. Data 
entry may be subject to an element of 
coding or reporting bias; however, re-
porting should not vary substantially 
over time within the database. The ac-
curacy of RA diagnoses within admin-
istrative databases has been controver-
sial; however, the co-existence of the 
arthroplasty codes may increase the ac-
curacy of identification (22). Although 
the results can be affected by other 
diseases, such as other inflammatory 
diseases or haemophillia, the propor-
tion of patients with such diseases in 
both groups is low (e.g. the proportion 
of patients with haemophillia is less 
than 0.1% for both groups). Therefore, 
the bias associated with the inclusion 
of other diseases should be minimal. 
We did not use patients’ drug consump-
tion in the database. The drug informa-
tion in the database would likely not be 
representative of the patients’ long-term 
medication intake, as immunosuppres-
sive medication is frequently altered or 
temporarily discontinued during admis-
sion for surgery (26). In addition, our 
data are limited to in-hospital events 
and the adverse events may be under-
estimating the true incidence; therefore, 
making it difficult to discuss the adverse 
events in detail, such as wound infection 
and mortality. However, we believe that 
these data provide a valuable informa-
tion of in-hospital outcomes associated 
with elective THA and TKA procedures 
in patients with RA in the US during the 
last decade. 
In conclusion, perioperative outcomes 
of elective THA and TKA in patients 

Table II a. In-hospital outcomes of patients ≥18 who underwent elective THA.

   RA  Non-RA  p-value
  (n=50689) (n=1751693) 

    WF % WF %  

Complications     
 Neurologic 44 0.1% 1460 0.1% 0.999
 Respiratory 387 0.8% 19959 1.1% <0.001
 Cardiac 387 0.8% 18359 1.0% <0.001
 Gastrointestinal 310 0.6% 15418 0.9% <0.001
 Urinary and renal 551 1.1% 28258 1.6% <0.001
 Pulmonary embolism 87 0.2% 3776 0.2% 0.119
 Wound-related complications 688 1.4% 23165 1.3% 0.999
 Overall complications 2454 4.8% 110395 6.3% <0.001
Disposition status     
 Routine 10761 21.2% 413000 23.6% <0.001
 Transfer to short-term hospital 444 0.9% 15574 0.9% 0.774
 Other transfers 24496 48.3% 748321 42.7% <0.001
 Home health care 14712 29.0% 565281 32.3% <0.001
 Died in hospital 27 0.05% 2555 0.15% <0.001
 Other  10 0.02% 739 0.04% <0.001

Table II b. In-hospital outcomes of patients ≥18 who underwent elective TKA.

   RA  Non-RA  p-value
  (n=121349 (n=3693970) 

    WF % WF %  

Complications     
 Neurologic 45 0.0% 1826 0.0% 0.065
 Respiratory 1126 0.9% 48012 1.3% <0.001
 Cardiac 1111 0.9% 38438 1.0% <0.001
 Gastrointestinal 566 0.5% 25031 0.7% <0.001
 Urinary and renal 1198 1.0% 57030 1.5% <0.001
 Pulmonary embolism 443 0.4% 17255 0.5% <0.001
 Wound-related complications 1471 1.2% 40753 1.1% <0.001
 Overall complications 5960 4.9% 228345 6.2% <0.001
Disposition status     
 Routine 27410 22.6% 919429 24.9% <0.001
 Transfer to short-term hospital 1081 0.9% 31418 0.9% 0.137
 Other transfers 54507 44.9% 1528486 41.4% <0.001
 Home health care 37676 31.0% 1192040 32.3% <0.001
 Died in hospital 91 0.07% 3992 0.11% 0.002
 Other  25 0.02% 1472 0.04% 0.002

RA: rheumatoid arthritis; TKA: total knee arthroplasty; WF: weighted frequency.     
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with RA were better than those in pa-
tients without RA. These results may in-
dicate that patient selection and pre- and 
perioperative management of patients 
with RA undergoing elective THA and 
TKA were well conducted in the US 
during the last decade.
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Table III a. Regression modeling predicting influence of RA on in-hospital outcomes of 
patients ≥18 who underwent elective THA*.

Outcome variables RA p-value
 OR (95% CI) 

Neurologic 0.39 (0.12, 1.21) 0.104
Respiratory 0.47 (0.36, 0.62) <0.001
Cardiac 0.59 (0.45, 0.77) <0.001
Gastrointestinal 0.67 (0.50, 0.90) 0.008
Urinary and renal 0.50 (0.40, 0.62) <0.001
Pulmonary embolism 0.36 (0.19, 0.67) 0.001
Wound-related complications 0.91 (0.74, 1.11) 0.349
Overall complications 0.62 (0.55, 0.69) <0.001
Died in hospital** 0.44 (0.16, 1.21) 0.111

Table III b. Regression modeling predicting influence of RA on in-hospital outcomes of 
patients ≥18 who underwent elective TKA*.

Outcome variables RA p-value
 OR (95% CI) 

Neurologic 0.48 (0.20, 1.17) 0.105
Respiratory 0.59 (0.51, 0.69) <0.001
Cardiac 0.75 (0.64, 0.88) <0.001
Gastrointestinal 0.68 (0.53, 0.87) 0.002
Urinary and renal 0.49 (0.42, 0.57) <0.001
Pulmonary embolism 0.45 (0.35, 0.57) <0.001
Wound-related complications 1.07 (0.91, 1.25) 0.433
Overall complications 0.67 (0.62, 0.73) <0.001
Died in hospital** 0.97 (0.55, 1.73) 0.927

RA: Rheumatoid arthritis; TKA: Total knee arthroplasty; OR: Odds ratio.
*Model adjusted for age, gender, race, Elixhauser Comorbidity Score, hospital size, hospital teaching 
status, hospital region, payer information; **Model adjusted for age, gender, race, Elixhauser Comor-
bidity Score, hospital size, hospital teaching status, hospital region, payer information, complications.


