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Abstract (271 words): 

Objective: To investigate the risk of medical complications following total hip and knee 

arthroplasty (THA/TKA) among rheumatoid arthritis (RA) compared with osteoarthritis (OA) 

patients; and, to assess the risk of complications among biologics-treated RA patients. 

Methods: In a nationwide register-based study, patients with RA and OA with THA/TKA surgery 

between 2000 and 2015 were identified and followed up to 90 days after surgery for venous 

thromboembolism (VTE), myocardial infarction and stroke, and non-surgical infections, 

respectively. Information on treatment with biologics was obtained in the DANBIO rheumatology 

register to compare risks of complications with non-biologics treated. 

Results: A total of 2,899 and 112,571 patients with RA and OA had THA/TKA. RA was associated 

with a hazard ratio (HR) of 1.29 (1.03 to 1.61) for infection following THA/TKA, but a HR of 0.60 

(0.26 to 0.98) for VTE following TKA. Biologics treated patients had a HR of 1.35 (0.65 to 2.80) 

for infection and 4.82 (1.67 to 13.90) for VTE compared with non-biologics treated RA patients. 

RA patients had no increased risk of post-surgical myocardial infarction and stroke (HR 1.16, 0.76 

to 1.78) compared with OA, but a higher incidence proportion was observed in biologics treated 

compared with non-biologics treated (1.0 vs 0.6 %); however, the number of events were too small 

to estimate a HR. 

Conclusion: In this study, RA was a risk factor for infection after THA/TKA, and RA patients 

treated with biologics had a slightly increased risk compared with non-biologics treated RA 

patients. Compared with OA, RA patients had a lower risk of VTE following THA/TKA, but our 

finding of increased incidences of VTE in biologics-treated patients warrants further studies. 
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1. INTRODUCTION 

In non-surgical settings, patients with rheumatoid arthritis (RA) are at increased risk of infections, 

myocardial infarction, stroke and venous thromboembolism (VTE) compared with the general 

population [1–6].  

Total hip and total knee arthroplasty (THA/TKA) are regular procedures in patients with RA, and 

the increased risks of VTE, myocardial infarction and stroke, and infections could be further 

exacerbated following such major surgery.  

Patients selected for treatment with biological DMARDs (biologics) are at increased risk of 

infections with a time-dependent risk peaking immediately following treatment commencement but 

subsequently decrease to the level of RA patients not treated with biologics [7–9]. Perioperative 

adverse events in users of biologics is a major concern and the scientific literature has not provided 

clear answers as to whether that concern should be merited, but recent studies indicate no clear 

increased risk of prosthetic joint infection and mortality in those exposed to these drugs prior to 

surgery [10–12].  However, very few have looked at the risk of other infections than prosthetic joint 

infection while at the same time adjusting for disease activity and glucocorticoids, the two other 

major confounders when assessing these relations. Likewise, the potential impact of biologics on 

the risk of VTE and other cardiovascular events in a surgical setting is unknown. 

Thus, our aim was to investigate the risk of VTE, myocardial infarction and stroke, and non-

surgical site infections in patients with RA who had THA/TKA surgery in a population-based 

nationwide cohort study. Further, we assessed the risk of complications among RA patients treated 

with biologics.
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2. PATIENTS AND METHODS 

2.1 Design and setting 

This was a nationwide, register-based cohort study from Denmark, investigating the risk of serious 

medical complications following THA/TKA in patients with RA compared with OA; and, among 

biologics-treated patients compared with non-biologics treated RA patients. The study period ran 

from 2000 to the end of 2014. In Denmark healthcare is tax-funded and offers universal access for 

all residents, and unique personal identifiers assigned to all residents at birth or upon immigration 

allows for nationwide register-linkage. The study adheres to the STROBE guidelines [13].  

2.2 Data sources and study populations 

The Danish Hip and Knee Arthroplasty Registers (DHR and DKR) both hold detailed surgical 

information on > 96 % of primary THA and TKA surgeries performed in Denmark since 1995 and 

1997, respectively [14–17]. Among individuals registered with a first primary THA or TKA in the 

DHR or DKR between 2000 and end of 2014 [14,15], patients with RA were identified by linkage 

with the DANBIO rheumatology register, and the Danish National Patient Register (DNPR) using 

validated algorithms (Supplementary Table 1) [18]. 

DANBIO is a nationwide register used by rheumatologists in routine care of rheumatic patients 

since 2000 [19]. Registered information includes but is not limited to clinical history and progress 

along with information on treatment series with biologics, conventional synthetic DMARDs, and 

glucocorticoids. In DANBIO, the positive predictive value of an RA diagnosis is 96 %. However, 

the registration of patients not treated with biologics did not become mandatory before 2006. Thus, 

in order to include patients not treated with biologics within the full study period, the DNPR was 

also used to identify RA patients. DNPR was established in 1977 and since 1995, all in- and 

outpatient hospital contacts have been registered [20]. One primary and up to 19 secondary 
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diagnoses are registered in accordance with the International Classification of Diseases 10
th

 version 

(ICD-10). In addition, all surgeries and procedures performed during a contact are also registered. 

We used a validated algorithm to identify RA patients in DNPR that were not registered in 

DANBIO: individuals were required to have at least two hospital contacts at a rheumatology or 

general internal medicine department listing RA as the main diagnosis and no more than 90 days 

apart. This algorithm has a PPV of at least 79 %[19]. 

The OA cohort comprised patients registered in DHR/DKR with OA listed as the main diagnosis 

and surgical indication, but with no previous RA diagnosis listed in DANBIO nor DNPR [21]. 

Biologics and non-biologics treated RA patients. We used information on start and stop dates for 

treatment episodes with biologics in DANBIO to identify patients treated with biologics within 90 

days prior to surgery. Information was obtained in the same manner for pre-operative exposure to 

conventional DMARDs and steroid treatments in the 90-day presurgical window. Clinical 

information on RA disease activity score (DAS28) and physical function (HAQ-DI) registered 

within 180 days prior to surgery was obtained. 

2.3 Outcomes 

There were three outcomes of interest: VTE, myocardial infarction and stroke, and infections (non-

surgical site). Outcome information was obtained in DNPR (Supplementary table 2 for ICD-10 

codes). Most of these outcomes have been validated with PPVs of ~70-90 % [20,22]. The 

composite infection outcome included occurrences of pneumonia, sepsis, urinary tract infection, 

and erysipelas. If patients experienced more than one infection, only the first one counted in the 

composite analysis. We specifically investigated infections that were in no way related to the 

surgical procedure nor the prosthetic material as this was the subject of a previous publication in 

this study population [12].  
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2.4 Follow-up 

We obtained vital status information from the Danish Civil Registration System [23]. For all 3 

outcomes, follow-up was limited to the first 90 days after surgery. In each analysis, patients were 

followed from the date of surgery until date of outcome of interest, death, emigration or 90 days 

post-surgery, whichever occurred first.  

2.5 Statistics 

RA compared with OA. Hazard ratios (HR) with 95 % confidence intervals (95%CI) were estimated 

in a crude and two multivariable Cox models: Model 1 was stratified by sex and adjusted for age at 

surgery and calendar period of surgery, whilst Model 2 included the covariates of Model 1 and was 

further stratified by type of surgery (THA vs TKA) and adjusted for duration of surgery and co-

morbidities: history of chronic obstructive pulmonary disease (COPD), previous VTE,  previous 

serious infections, cardiovascular disease (CVD), diabetes mellitus (DM) or cancer. Comorbidity 

information was obtained in DNPR using a 5-year lookback window for infections from the date of 

surgery and 10-year lookback windows for other comorbidities (Supplementary Table 3 for ICD-10 

codes). 

Biologics compared with non-biologics treated. The Cox proportional hazards model included only 

the biologics exposure covariate and the calculated propensity score (PS), i.e. the probability of 

receiving biologics conditional on confounders at the time of surgery, as a spline covariate with 5 

degrees of freedom. Covariates used in calculation of the PS included: age at surgery, sex, calendar 

period of surgery, pre-operative use of methotrexate, pre-operative use of other conventional 

DMARDs, pre-operative use of glucocorticoids, DAS28, HAQ-DI, VAS physician, COPD, DM, 

CVD, previous VTE, cancer, and previous serious infection. Due to few events in the comparison of 

biologics with non-biologics treated patients, no additional confounders were included in the model.  
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Multiple imputation. Multiple imputation using chained equations (MICE) was undertaken to 

account for missing data in the perioperative window. Around 68 and 66 % had no information on 

DAS28 and HAQ-DI within 180 days prior to THA/TKA surgery. All covariates included in PS 

calculation were entered in the imputation model. Missing values of DAS28, HAQ-DI, tender and 

swollen joint count (using 28 joints), visual analogue scores (0-100) for physician assessment of 

overall disease burden, patient reported pain level, patient reported fatigue level, and CRP level 

were imputed using predictive mean matching. A total of 100 datasets were imputed and following 

Cox regression analyses within each dataset, the hazard ratios were combined according to Rubin’s 

Rules. Statistical analyses were performed in R Statistical Software 3.2.3.  

Sensitivity analyses. In analyses where the confidence interval did not cross unity, the E-value was 

calculated [24]. The E-value is a relatively new sensitivity measure that provides an estimate of the 

magnitude with which any unmeasured confounder would have to be associated with the outcome 

of interest in order to overcome or dismiss the exposure-outcome association of the presented 

analysis. It is a sensitivity analysis that requires no assumptions regarding the distribution of the 

confounder nor if it is a continuous or binary explanatory variable [25].  

Due to the non-negligible proportion of DANBIO patients that had missing data on DAS28 and 

HAQ-DI, we carried out a sensitivity analysis in which these covariates were not included in the 

propensity score estimation, and subsequently carried out the Cox models estimating the impact of 

treatment with biologics adjusted for the spline of the propensity score. 
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3. RESULTS 

RA compared with OA. 

We identified 2,899 and 112,571 patients with RA and OA who underwent THA or TKA surgery 

(Supplementary Figure 1 for patient flow-chart). Patients with RA were younger at the time of 

surgery (66.1 vs 69.1 years), more likely to be female (73 vs 58 %) and have TKA rather than THA 

surgery (TKA: 63 vs 44 % of surgeries in RA compared with OA) (Table 1).  In both cohorts, 99 % 

of patients received thromboprophylaxis with no difference in the duration of the therapy. RA 

patients more frequently had a history of COPD, cardiovascular disease including previous VTE 

events, and hospitalisations due to infection, whereas a higher proportion of OA patients had a 

history of cancer (Table 1).  

Patients with RA had a lower risk of deep vein thrombosis and pulmonary embolism and 

consequently VTE (Table 2).  This decreased risk was only driven by TKA surgery (HRTKA 0.60, 

0.26 to 0.98) (Supplementary Table 4). Excluding patients with a history of VTE, cancer or both did 

not substantially alter the HRs:  0.81 (0.56 to 1.18); 0.81 (0.56 to 1.17); and 0.89 (0.61 to 1.29), 

respectively. The decreased risk of VTE was more pronounced in male patients with RA (HR 0.48, 

95%CI 0.2 to 1.17). The E-value for the association between RA and VTE following TKA was 2.73  

The overall risk of post-surgical myocardial infarction and stroke was not increased among RA 

patients, but increased risk estimates were seen among female RA patients compared with OA (HR 

1.53, 0.91 to 2.56).  

Patients with RA had an increased risk of infection (HRModel2 1.29, 1.03 to 1.64) driven by risks of 

pneumonia, sepsis and erysipelas but not urinary tract infection. This finding was consistent across 

both sexes and all age groups (Supplementary Table 4). The E-value for this association was 1.9. 
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Biologics compared with non-biologics treated RA patients. 

A total of 411 patients received treatment with a biologic within 90 days preceding surgery (Table 

3). No difference in DAS28 was observed prior to surgery, but biologics-treated had higher median 

HAQ-DI. Biologics treated more frequently had a history of hospitalisation due to infection, 

whereas they less frequently had a history of cancer compared with their non-biologics treated 

counterparts. 

Following THA/TKA, biologics-treated had a higher incidence and risk of VTE compared with 

non-biologics treated (1.9 vs 0.5%; HR 4.82, 1.67 to 13.90) (Table 4). Excluding patients who had a 

history of cancer, VTE or either of the two, did not change the results: HRs 4.74 (1.64 to 13.75); 

4.76 (1.65 to 13.72); and, 4.70 (1.62 to 13.61), respectively. The calculated E-value was 9.1 

indicating that any unmeasured confounder would have to be associated with VTE at a relative risk 

of this magnitude to overcome the association between biologics treatment and VTE.  

A higher proportion of biologics-treated also suffered a myocardial infarction or stroke compared 

with non-biologics treated (1.0 vs 0.6 %), but with < 5 events registered in one group (4 and 8, 

respectively), no hazard ratio could be estimated.  

An increased risk of infection was observed among biologics treated compared with non-biologics 

treated patients (HR 1.35, 0.65 to 2.80).  Excluding patients previously hospitalised due to infection 

did not alter the HR, 1.38 (0.61 to 3.12). 

When omitting DAS28 and HAQ-DI from the propensity score estimation, the subsequent Cox 

models for VTE and infection resulted in HRs of 6.39 (95%CI 2.12 to 19.30) and 1.10 (95%CI 0.52 

to 2.34), respectively, when comparing  biologics treated patients with non-biologics treated 

patients. 
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4. DISCUSSION 

In this nationwide study investigating the risk of serious medical complications following major 

joint surgery, patients with RA were at increased risk of infections following THA/TKA, and 

biologics treated RA patients had a higher risk estimate of infections compared with non-biologics 

treated RA patients. We found a lower risk of VTE among RA patients following TKA, but 

surprisingly, biologics treated had a ~5-fold increased risk of VTE compared to non-biologics 

treated RA patients. 

The finding of an increased risk of non-surgical site infections among RA patients following major 

surgery is in line with some [26,27], but not all previous studies.[28] Michaud et al. found no 

increased risk of infection up to 30 days after THA and TKA in a predominantly male RA cohort 

compared with OA patients [28]. Possible explanations for different findings could be the different 

follow-up period (30 vs 90 days in the present study) and/or the differences in sex composition and 

population size. In contrast, Cancienne et al. reported an odds ratio of 1.5 for infection within 90 

days of TKA in RA compared with OA in a study using Medicare data [26]. 

Biologics treated patients had a HR of 1.35 for infections compared with non-biologics treated RA 

patients but with wide confidence intervals. To our knowledge, only one study by Somayaji et al. 

has specifically investigated this matter, and they found no increased risk of non-surgical infections 

following THA/TKA in 70 TNFi treated compared with 189 non-TNFi treated patients [29]. 

The lower risk of VTE following TKA is intriguing given that RA is a well-established risk factor 

for VTE in a non-surgical setting [2,5,6]. The HR remained below 1 even after exclusion of all 

patients with a history of cancer and/ or previous VTE. In the present study, 99% of patients in both 

cohorts received thromboprophylaxis. Thus, we have no definite explanation for this finding which 

has now been shown in a number of studies [30–33].  Theoretical explanations include a possibly 
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increased prevalence of obesity in the OA cohort, which was at least suggested by the higher mean 

weight among TKA recipients in the present study. It could also be that OA patients are more 

frequent users of NSAIDs than patients with RA [34]. 

In addition, we showed that biologics treated patients had a higher incidence of VTE compared with 

non-biologics treated patients, and the calculated E-value for this association was 9.1, suggesting 

that any unmeasured confounder would need to be associated with the outcome at this magnitude to 

overcome the presented result. confounder  A time-dependent increased risk of VTE has been 

reported for patients with RA commencing biologics treatment with a subsequent gradually 

normalisation of the risk [35]. Following orthopaedic surgery, a study using data from the BSRBR-

RA in the UK showed TNF-inhibitor treatment was associated with a statistical non-significant 

elevated odds ratio for VTE compared with non-biologics treated RA patients; the same pattern was 

observed in a study from Japan by Kawakami et al. [36,37]. The cumulative incidence of 1.9 % 

among biologics treated in our study is even higher than the 1.3 % observed in the OA cohort 

indicating that the risk is not merely “normalised” from the lower incidence of the entire RA cohort 

to an average level of the OA cohort, but that a possibly elevated risk truly exists. With the present 

results it is not possible to conclude if this risk is due to treatment with biologics or confounded by 

RA-severity markers for which we were unable to fully adjust, although interestingly, the DAS28 

did not differ between biologics and non-biologics treated.  

In line with some, [28] but not all previous studies [31,38], no short-term increased risk of 

myocardial infarction and stroke following THA/TKA was observed among patients with RA. Burn 

et al. recently reported an increased risk of myocardial infarction in patients with RA compared 

with OA up to 90 days following THA and TKA (adjusted HR 3.54, 1.44 to 8.73) [31]. The 

cumulative incidence of myocardial infarction in that RA cohort was 0.75 %, the same proportion 

of RA and OA patients who suffered either a myocardial infarction or stroke in our cohort. Thus, 
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the different outcome definitions (with and without stroke, respectively) and validity, as well as 

different origins of the RA populations (hospital vs general practice, respectively) are more likely to 

explain the different results. We do, however, also find it surprising that no increased risk of 

myocardial infarction and stroke was seen among patients with RA in the present study. 

There are limitations to the present study that needs mentioning. One such is the definition of 

biologics exposure used: Currently no validation exists of the start and stop dates for treatment 

series in DANBIO. This is also the reason why we did not investigate the impact on complications 

with presurgical continued or withholding of biologics. Further, the DANBIO data on DAS28 and 

HAQ-DI suffered from a non-negligible degree of missingness. Primarily, we carried out multiple 

imputation to account for this, but in a sensitivity analysis we omitted these confounders from the 

propensity score estimation, which did not change the direction of the risk estimates in the 

subsequent Cox models.   

Including and adjusting for the PS as a spline covariate is another limitation, although given the low 

number of events and the many important confounders, this was the most reasonable alternative. 

Another possible pitfall is the risk of misclassification bias in the subset of our RA cohort from 

DNPR. Whereas the positive predictive value (PPV) of an RA diagnosis in DANBIO has been 

estimated to ~97 %, a less strict definition of RA in DNPR than the one used in the present study 

had a PPV of ~80 % (Supplementary Table 1) [18]. 

The strengths of the present study include the nationwide design with independent reporting to 

health care registers and no loss to follow-up. The VTE and cardiovascular outcomes from DNPR 

have been validated and found to have high PPVs ranging from 70-100 % in DNPR [22]. Lastly, the 

detailed information on thromboprophylaxis in DHR and DKR along with the information on VTE 

and cancer history allowed us ensure that the results of lower risk of VTE in patients with RA were 

robust.  
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In conclusion, we found that following THA/TKA surgery, RA was associated with increased risk 

of infections, mainly pneumonia, sepsis and erysipelas, compared with OA. RA patients treated 

with biologics had a slightly increased risk of infections compared with non-biologics treated RA 

patients. The risk of VTE was lower among RA compared with OA patients following TKA. 

Nonetheless, the increased risk of postoperative VTE among patients receiving biologics needs to 

be investigated further.



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

ETHICS 

According to Danish legislation, publication of data from registers and databases does not require 

patient consent or ethics approval. Approval was given by the Danish Data Protection Agency 

(GEH-2014-043, I-Suite: 03166). 

 

ACKNOWLEDGEMENTS 

We would like to thank all rheumatology departments in Denmark for dedication to reporting to the 

DANBIO Register, and all departments of orthopaedic surgery in Denmark for their devotion to 

registering in DHR and DKR.  



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

REFERENCES 

[1] Holmqvist M, Ljung L, Askling J. Acute coronary syndrome in new-onset rheumatoid 

arthritis: A population-based nationwide cohort study of time trends in risks and excess risks. 

Ann Rheum Dis 2017;76:1642–7. doi:10.1136/annrheumdis-2016-211066. 

[2] Holmqvist ME, Neovius M, Eriksson J, Wållberg-Jonsson ÄMS, Jacobsson LTH, Askling J, 

et al. Risk of Venous Thromboembolism in Patients With Rheumatoid Arthritis and 

Association With Disease Duration and Hospitalization. JAMA 2012;308:1350–6. 

[3] Lindhardsen J, Ahlehoff O, Gislason GH, Madsen OR, Olesen JB, Svendsen JH, et al. Risk 

of atrial fibrillation and stroke in rheumatoid arthritis: Danish nationwide cohort study. BMJ 

2012;344:1–12. doi:10.1136/bmj.e1257. 

[4] Lindhardsen J, Ahlehoff O, Gislason GH, Madsen OR, Olesen JB, Torp-Pedersen C, et al. 

The risk of myocardial infarction in rheumatoid arthritis and diabetes mellitus : a Danish 

nationwide cohort study. Ann Rheum Dis 2011;70:929–34. doi:10.1136/ard.2010.143396. 

[5] Kim SC, Schneeweiss S, Liu J, Solomon DH. Risk of venous thromboembolism in patients 

with rheumatoid arthritis. Arthritis Care Res (Hoboken) 2013;65:1600–7. 

doi:10.1002/acr.22039. 

[6] Choi HK, Rho YH, Zhu Y, Cea-Soriano L, Aviña-Zubieta JA, Zhang Y. The Risk of 

Pulmonary Embolism and Deep Vein Thrombosis in Rheumatoid Arthritis: A UK 

Population-Based Outpatient Cohort Study: Kommentar. Ann Rheum Dis 2013;72:1182–7. 

doi:10.1136/annrheumdis-2012-201669. 

[7] Askling J, Fored CM, Brandt L, Baecklund E, Bertilsson L, Feltelius N, et al. Time-

dependent increase in risk of hospitalisation with infection among Swedish RA patients 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

treated with TNF antagonists. Ann Rheum Dis 2007;66:1339–44. 

doi:10.1136/ard.2006.062760. 

[8] Galloway JB, Hyrich KL, Mercer LK, Dixon WG, Fu B, Ustianowski AP, et al. Anti-TNF 

therapy is associated with an increased risk of serious infections in patients with rheumatoid 

arthritis especially in the first 6 months of treatment: updated results from the British Society 

for Rheumatology Biologics Register with special emph. Rheumatology (Oxford) 

2011;50:124–31. doi:10.1093/rheumatology/keq242. 

[9] Strangfeld A, Eveslage M, Schneider M, Bergerhausen HJ, Klopsch T, Zink A, et al. 

Treatment benefit or survival of the fittest: what drives the time-dependent decrease in 

serious infection rates under TNF inhibition and what does this imply for the individual 

patient? Ann Rheum Dis 2011;70:1914–20. doi:10.1136/ard.2011.151043. 

[10] George MD, Baker JF, Winthrop K, Alemao E, Chen L, Connolly S, et al. Timing of 

Abatacept Before Elective Arthroplasty and Risk of Post-operative Outcomes. Arthritis Care 

Res (Hoboken) 2019:0–3. doi:10.1002/acr.23843. 

[11] George MD, Baker JF, Hsu JY, Wu Q, Xie F, Chen L, et al. Perioperative Timing of 

Infliximab and the Risk of Serious Infection After Elective Hip and Knee Arthroplasty. 

Arthritis Care Res 2017;69:1845–54. doi:10.1002/acr.23209. 

[12] Cordtz RL, Zobbe K, Højgaard P, Kristensen LE, Overgaard S, Odgaard A, et al. Predictors 

of revision, prosthetic joint infection and mortality following total hip or total knee 

arthroplasty in patients with rheumatoid arthritis: A nationwide cohort study using Danish 

healthcare registers. Ann Rheum Dis 2018;77. doi:10.1136/annrheumdis-2017-212339. 

[13] Elm E Von, Altman DG, Egger M, Pocock SJ, Peter C, Gøtzsche P, et al. Strengthening the 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

reporting of observational studies in epidemiology (STROBE) statement: guidelines for 

reporting observational studies. Br Med J 2007;335:19–22. 

doi:10.1136/bmj.39335.541782.AD. 

[14] Gundtoft PH, Varnum C, Pedersen AB, Overgaard S. The Danish Hip Arthroplasty Register. 

Clin Epidemiol 2016;8:509–14. doi:10.1080/000164700317381081. 

[15] Pedersen AB, Mehnert F, Odgaard A, Schrøder HM. Existing data sources for clinical 

epidemiology: The Danish Knee Arthroplasty Register. Clin Epidemiol 2012;4:125–35. 

doi:10.2147/CLEP.S30050. 

[16] Overgaard S, Gromov K, Lamm M, Laursen M, Broeng L, Solgaard S, et al. Danish Hip 

Arthroplasty Register Annual Report. Odense: 2018. 

[17] Odgaard A, Madsen F, Schrøder LERH, Østgaard SE, Troelsen A, Iversen P, et al. Danish 

Knee Arthroplasty Register Annual Report. Gentofte: 2018. 

[18] Ibfelt EH, Sørensen J, Jensen D V., Dreyer L, Schiøttz-Christensen B, Thygesen PH, et al. 

Validity and completeness of rheumatoid arthritis diagnoses in the nationwide DANBIO 

clinical register and the Danish National Patient Registry. Clin Epidemiol 2017;Volume 

9:627–32. doi:10.2147/CLEP.S141438. 

[19] Ibfelt EH, Jensen DV, Lund Hetland M. The Danish nationwide clinical register for patients 

with rheumatoid arthritis : DANBIO. Clin Epidemiol 2016;8:737–42. 

[20] Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT, et al. 

Clinical Epidemiology Dovepress The Danish National Patient Registry: a review of content, 

data quality, and research potential. Clin Epidemiol 2015;7:449–90. 

doi:10.2147/CLEP.S91125. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

[21] Pedersen A, Johnsen S, Overgaard S, Søballe K, Sørensen HT, Lucht U. Registration in the 

danish hip arthroplasty registry: completeness of total hip arthroplasties and positive 

predictive value of registered diagnosis and postoperative complications. Acta Orthop Scand 

2004;75:434–41. doi:10.1080/00016470410001213-1. 

[22] Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE, et al. Positive 

predictive value of cardiovascular diagnoses in the Danish National Patient Registry: a 

validation study. BMJ Open 2016;6:1–3. doi:10.1017/S0950268818001401. 

[23] Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration System as a tool in 

epidemiology. Eur J Epidemiol 2014;29:541–9. doi:10.1007/s10654-014-9930-3. 

[24] VanderWeele TJ, Ding P. Sensitivity analysis in observational research: Introducing the E-

Value. Ann Intern Med 2017;167:268–74. doi:10.7326/M16-2607. 

[25] Haneuse S, VanderWeele TJ, Arterburn D. Using the E-Value to Assess the Potential Effect 

of Unmeasured Confounding in Observational Studies. JAMA 2019;321:602–3. 

doi:10.7326/M16-2607. 

[26] Cancienne JM, Werner BC, Browne JA. Complications of Primary Total Knee Arthroplasty 

Among Patients With Rheumatoid Arthritis, Psoriatic Arthritis, Ankylosing Spondylitis, and 

Osteoarthritis. J Am Acad Orthop Surg 2016;24:1–8. doi:10.5435/JAAOS-D-15-00501. 

[27] Stundner O, Danninger T, Chiu Y-L, Sun X, Goodman SM, Russell LA, et al. Rheumatoid 

arthritis vs osteoarthritis in patients receiving total knee arthroplasty: perioperative outcomes. 

J Arthroplasty 2014;29:308–13. doi:10.1016/j.arth.2013.05.008. 

[28] Michaud K, Fehringer E V, Garvin K, O’Dell JR, Mikuls TR. Rheumatoid arthritis patients 

are not at increased risk for 30-day cardiovascular events, infections, or mortality after total 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

joint arthroplasty. Arthritis Res Ther 2013;15:R195. doi:10.1186/ar4385. 

[29] Somayaji R, Barnabe C, Martin L. Risk factors for infection following total joint arthroplasty 

in rheumatoid arthritis. Open Rheumatol J 2013;7:119–24. 

doi:10.2174/1874312920131210005. 

[30] Lee D-K, Kim H-J, Lee D-H. Incidence of Deep Vein Thrombosis and Venous 

Thromboembolism following TKA in Rheumatoid Arthritis versus Osteoarthritis: A Meta-

Analysis. PLoS One 2016;11:e0166844. doi:10.1371/journal.pone.0166844. 

[31] Burn E, Edwards CJ, Murray DW, Silman A, Cooper C, Arden NK, et al. The impact of 

rheumatoid arthritis on the risk of adverse events following joint replacement: A real-world 

cohort study. Clin Epidemiol 2018;10:697–704. doi:10.2147/CLEP.S160347. 

[32] Pedersen AB, Sorensen HT, Mehnert F, Overgaard S, Johnsen SP. Risk Factors for Venous 

Thromboembolism in Patients Undergoing Total Hip Replacement and Receiving Routine 

Thromboprophylaxis. J Bone Jt Surg 2010;92:2156. doi:10.2106/JBJS.I.00882. 

[33] Pedersen AB, Mehnert F, Johnsen SP, Husted S, Sorensen HT. Venous thromboembolism in 

patients having knee replacement and receiving thromboprophylaxis: a Danish population-

based follow-up study. J Bone Joint Surg Am 2011;93:1281–7. doi:10.2106/JBJS.J.00676. 

[34] Ungprasert P, Srivali N, Wijarnpreecha K, Charoenpong P, Knight EL. Non-steroidal anti-

inflammatory drugs and risk of venous thromboembolism: A systematic review and meta-

analysis. Rheumatol (United Kingdom) 2014;54:736–42. doi:10.1093/rheumatology/keu408. 

[35] Kim SC, Solomon DH, Liu J, Franklin JM, Glynn RJ, Schneeweiss S. Risk of Venous 

Thromboembolism in Patients with Rheumatoid Arthritis Initiating Disease-Modifying 

Antirheumatic Drugs. Am J Med 2015;128. doi:10.1016/bs.mcb.2015.01.016.Observing. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

[36] Davies R, Galloway JB, Watson KD, Lunt M, Symmons DPM, Hyrich KL. Venous 

thrombotic events are not increased in patients with rheumatoid arthritis treated with anti-

TNF therapy: results from the British Society for Rheumatology Biologics Register. Ann 

Rheum Dis 2011;70:1831–4. doi:10.1136/ard.2011.153536. 

[37] Kawakami K, Ikari K, Kawamura K, Tsukahara S, Iwamoto T, Yano K, et al. Complications 

and features after joint surgery in rheumatoid arthritis patients treated with tumour necrosis 

factor-α blockers: Perioperative interruption of tumour necrosis factor-a blockers decreases 

complications? Rheumatology 2010;49:341–7. doi:10.1093/rheumatology/kep376. 

[38] Tropea J, Brand CA, Bohensky M, Van Doornum S. Myocardial infarction and mortality 

following joint surgery in patients with rheumatoid arthritis: A retrospective cohort study. 

Arthritis Res Ther 2016;18:4–11. doi:10.1186/s13075-016-0958-5. 

  



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

Table 1. Demographic, clinical and surgical characteristics of patients with rheumatoid arthritis (RA) and osteoarthritis 

(OA) who had a first primary elective total hip or total knee arthroplasty (THA and TKA) between 2000 and end of 2014. 

 
RA OA p Missing data 

N 2899 112 571 
  

Female sex, n (%) 2115 (73.0) 65 664 (58.3) <0.001 
 

Age at surgery, mean (sd) 66.1 (11.0) 69.1 (9.7) <0.001 0% 

Calendar period of 

surgery, n (%)  

2000 to 2002 531 (18.3) 16 110 (14.3) <0.001 0% 

2003 to 2005 554 (19.1) 18 797 (16.7) 
  

2006 to 2008 547 (18.9) 23 463 (20.8) 
  

2009 to 2011 638 (22.0) 27 928 (24.8) 
  

2012 to 2014 629 (21.7) 26 273 (23.3) 
  

Surgical characteristics  

Type of arthroplasty, 

n (%) 

THA 1062 (36.6) 62 637 (55.6) <0.001 0% 

TKA 1837 (63.4) 49 934 (44.4) 
  

Duration of surgery in minutes, median (IQR) 68 (59 to 83) 65 (55 to 80) <0.001 0% 

Duration of hospital stay in days, median (IQR) 5 (3 to 9) 4 (3 to 8) <0.001 0% 

Preoperative weight in kilograms  

(only reported for TKA recipients), mean (sd) 
75.7 (18.1) 83.4 (18.4) <0.001 

12% (of TKA 

recipients) 

Received thromboprophylaxis, % 2858 (99) 111 331 (99) 0.25 0% 

Duration of thromboprophylaxis in days, median 

(IQR) 
7 [4, 30] 7 [4, 30] 0.56 33% 

Comorbidities 

Chronic obstructive pulmonary disease, n (%) 197 (6.8) 4727 (4.2) <0.001 0% 

Previous VTE, n (%) 96 (3.3) 2624 (2.3) 0.001 0% 

Diabetes mellitus, n (%) 201 (6.9) 7603 (6.8) 0.51 0% 

Cardiovascular disease, n (%) 480 (16.6) 16 593 (14.7) 0.007 0% 

Previously diagnosed with cancer, n (%) 171 (5.9) 7819 (6.9) 0.03 0% 

Previously hospitalised due to infection, n (%) 279 (9.6) 4804 (4.3) <0.001 0% 

Abbreviations:  IQR, interquartile range; sd, standard deviation; VTE, venous thromboembolism 

 

  



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

Table 2: Risk of complications after total hip and knee arthroplasty in rheumatoid arthritis compared with 

osteoarthritis patients. 

 

Rheumatoid arthritis,  

N = 2899 

Osteoarthritis,  

N = 112 571 
Crude Model 1* Model 2** 

Outcome 
Even

ts 

Cum. 

incidence,  

% 

Even

ts 

Cum. 

incidence,  

% 

HR (95%CI) HR (95%CI) HR (95%CI) 

Deep vein 

thrombosi

s or 

pulmonar

y 

embolism 

30 1.03 1464 1.30 
0.80 (0.55 to 

1.14) 

0.83 (0.58 to 

1.19) 

0.74 (0.52 to 

1.07) 

- Deep 

vein 

thromb

osis 

25 0.86 1169 1.04 
0.83 (0.56 to 

1.23) 

0.86 (0.58 to 

1.28) 

0.79 (0.53 to 

1.17) 

- Pulmon

ary 

emboli

sm 

5 0.17 331 0.29 
0.59 (0.24 to 

1.42) 

0.61 (0.25 to 

1.48) 

0.52 (0.21 to 

1.26) 

Myocardia

l 

infarction 

and stroke 

22 0.76 851 0.76 
1.00 (0.66 to 

1.53) 

1.28 (0.83 to 

1.95) 

1.16 (0.76 to 

1.78) 

Any non-

surgical 

site 

infection 

79 2.73 2394 2.13 
1.28 (1.01 to 

1.61) 

1.50 (1.19 to 

1.90) 

1.29 (1.03 to 

1.64) 

- Pneum

onia 
32 1.10 740 0.66 

1.68 (1.18 to 

2.39) 

2.14 (1.50 to 

3.05) 

1.72 (1.20 to 

2.45) 

- Sepsis 13 0.45 383 0.34 
1.32 (0.76 to 

2.29) 

1.66 (0.96 to 

2.90) 

1.42 (0.81 to 

2.47) 

- Urinary 

tract 

infectio

n 

24 0.83 973 0.86 
0.96 (0.64 to 

1.44) 

1.06 (0.70 to 

1.59) 

0.95 (0.63 to 

1.43) 

- Erysipe

las 
17 0.59 496 0.44 

1.40 (0.7 to 

2.55) 

1.63 (0.89 to 

2.98) 

1.34 (0.74 to 

2.46) 

Statistically significant results are in bold. *Model 1:   Stratified by sex, adjusted for age and calendar period of surgery 

**Model 2: Stratified by sex and type of surgery (THA vs TKA), adjusted for age and calendar period of surgery, 

duration of surgery, history of chronic obstructive pulmonary disease, previous VTE,  previous serious infections, 

cardiovascular disease, diabetes mellitus or cancer. Abbreviations: HR, hazard ratio; 95%CI, 95% confidence interval. 
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Table 3: Characteristics and risk of complications after total hip and knee arthroplasty 

among biologics-treated compared with non-biologics treated rheumatoid arthritis 

patients at time of surgery. 

  
Biologics  

treated 

Non-biologics  

treated 
p-value 

N 411 1391 
 

Female sex (%) 298 (72.5) 1028 (73.9) 0.62 

Age at surgery, mean (sd) 61.5 (11.6) 65.3 (10.4) <0.001 

Joint replaced 

(% within 

cohort) 

Hip 134 (32.6) 519 (37.3) 0.09 

Knee 277 (67.4) 872 (62.7) 
 

Received 

thromboprophylaxis (%) 
398 (97) 1379 (99) 0.002 

Treated with csDMARD  328 (79.8) 645 (46.4) <0.001 

Prednisolone 

use 

Non-user 315 (76.6) 1256 (90.3) <0.001 

2.5 to 5.0 

milligrams 
49 (11.9) 80 (5.8) 

 

7.5 to 15.0 

milligrams 
36 (8.8) 46 (3.3) 

 

> 15 

milligrams 
11 (2.7) 9 (0.6) 

 

DAS28-CRP, mean (sd) 3.6 (1.2) 3.4 (1.2) 0.12 

HAQ-DI, median (IQR) 
1.38 (0.75 to 

1.88) 
1.12 (0.62 to 1.62) 0.004 

VAS pain, median (IQR) 47 (22 to 70) 50 (29 to 70) 0.50 

Chronic obstructive 

pulmonary disease, n (%) 
25 (6.1) 72 (5.2) 0.55 

Previous VTE, n (%) 12 (2.9) 54 (3.9) 0.45 

Cancer, n (%) 15 (3.6) 88 (6.3) 0.05 

History of hospitalisation 

due to infection, n (%) 
51 (12.4) 117 (8.4) 0.02 

Abbreviations: s.d, standard deviation; csDMARD, conventional synthetic disease modifying 

anti-rheumatic drug; DAS28-CRP, disease activity score using 28-joint count and C-reactive 

protein; HAQ-DI, health assessment questionnaire; VAS, visual analogue scale; VTE, venous 

thromboembolism. 
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Table 4. Numbers and hazard ratios (HR) of complications within 90 days of total hip or total knee arthroplasty surgery in 

patients with rheumatoid arthritis treated with biologics compared with non-biologics treated.  

 Venous thromboembolism Myocardial infarction and stroke Infections (non-surgical site) 

 

 

N (%) 

HR 

(95% CI) 

 N (%) 

HR 

(95% CI) 

 N (%) 

HR 

(95% CI) 

Biologics 

treated 

 

8 (1.9) 4.82 (1.67 to 13.90)  4 (1.0) NA *  11 (2.7) 1.35 (0.65 to 2.80) 

Non-

biologics 

treated 

 

7 (0.5) 1 (Ref.)  8 (0.6) NA *  35 (2.5) 1 (Ref.) 

Results in bold indicate p<0.05. * The number of events were <5 in one group and thus no Cox regressions analysis was carried out.  

Abbreviations: 95 % CI, 95 % confidence interval.  

 

 


