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ABSTRACT  

Objectives: Joint replacement surgery is a proxy of severe joint damage in rheumatoid arthritis (RA). 

The aim of this study was to assess the impact of the introduction of biological DMARDs (bDMARDs) 

on the incidence rate (IR) of upper limb joint replacements among newly diagnosed RA patients. 

Methods: Using the Danish National Patient Register, incident RA patients from 1996-2012 were 

identified. Each patient was matched on age, sex and municipality with up to 10 general population 

controls. Age and sex standardised 5-year IR per 1000 person-years (PY) of a composite outcome of 

any first joint replacement of the finger, wrist, elbow, or shoulder was calculated; and an interrupted 

time series analysis was undertaken to investigate trends and changes of the IR in the pre-bDMARD 

(1996-2001) and the bDMARD era (2003-2012) with a 1-year lag period in 2002. 

Results: In total, 18 654 incident patients with RA were identified (mean age 57.6 years, 70.5 % 

women). The IR of joint replacements among RA patients was stable at 2.46/1000 PY (95%CI 1.96-

2.96) from 1996 to 2001 but started to decrease from 2003 onwards (-0.08/1000 PY annually, 95%CI 

-0.20 to +0.02). Compared with RA, the IR among controls in 1996 was 1/17 and it increased 

continuously throughout the study period. 

Conclusion: The IR of upper limb joint replacements started to decrease among RA patients from 

2002 onwards, whereas it increased among controls. Our results suggest an association between the 

introduction of bDMARDs and a lower need of joint replacements among RA patients. 
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SIGNIFICANCE AND INNOVATIONS 

 The incidence of joint replacements in the shoulder, elbow, wrist and fingers among 

newly diagnosed patients with rheumatoid arthritis was fairly stable prior to the 

introduction of biological DMARDs, but nonetheless ~17 times higher than in the 

general population. 

 Following introduction of biological DMARDs, the incidence rate of upper limb joint 

replacement surgery started to decrease among patients with rheumatoid arthritis, 

whereas it increased in the non-rheumatoid background population.  

 However, the overall need of upper limb joint replacements in the first 5 years 

following diagnosis of rheumatoid arthritis was low in this Danish cohort. 

 

In patients with rheumatoid arthritis (RA), joint replacement surgery is considered a proxy for end-

stage or severe joint damage (1). Joint damage occurs with persisting and longstanding inflammation 

but even short periods of severe inflammation can also result in significant joint damage (2). 

Moderate or high disease activity in the first five years after diagnosis are risk factors for joint 

surgery (3). Up to 10 % of RA patients require surgery of the upper limbs within the first five years 

after disease onset (1); and following RA diagnosis, upper limb surgery is generally performed 

sooner than lower limb surgery (4,5).  

The introduction of biological DMARDs (bDMARDs) in the late 1990s and early 2000s has expanded 

the treatment repertoire and increased the chances of more favorable clinical and radiographic 

outcomes for RA patients (6–8). Whether the improved clinical outcomes observed with bDMARDs 

have resulted in lower rates of upper limb joint surgery is less clear (9,10). There are studies 

reporting decreases in upper limb joint replacements among patients with RA during recent 

decades, but in most studies, these changes started in the mid-1990s before bDMARDs were 
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available (10–16). Other studies suggest that no changes have occurred for rates of joint 

replacements among RA patients during recent decades (13,17,18).  

Thus, we thought it of interest to explore if there was an association between the introduction of 

bDMARDs in the treatment of patients with RA and the incidence rate of shoulder, elbow, wrist, and 

finger joint replacement surgery among incident RA patients compared to a cohort of general 

population controls (controls). To investigate this, we used Danish healthcare register data in an 

interrupted time series design. As a secondary aim, we investigated the impact of bDMARD 

introduction on non-joint replacement surgeries in the shoulder and elbow, and the wrist and 

fingers.  

 

PATIENTS AND METHODS 

Study design 

This is a nationwide interrupted time-series analysis from Denmark (19,20), investigating if there was 

an association between the introduction of bDMARDs for the treatment of RA in 2002 and the 5-

year incidence rate of upper limb joint replacement and upper limb non-replacement joint surgery. 

The interrupted time series is an ecological study method to investigate population-level time trends 

following a specific intervention at a specific point in the time series. Study methods and results are 

reported in accordance with Strengthening the Reporting of Observational Studies in Epidemiology 

guidelines (21).  

Setting 

In Denmark, the healthcare system is tax-financed and offers free access for all residents to hospitals 

and essential operations. Every resident receives a 10-digit personal identification number at birth or 

date of immigration. This personal identifier is consistent throughout all national registers making 

register linkage possible. The study period was January 1st 1996 to 31st December 2017. 
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Data sources 

The Civil Registration System (CRS): The CRS captures all births, migrations and deaths among Danish 

residents (22).  

The Danish National Patient Register (DNPR): contains information on all inpatient (since 1977) and 

outpatient (since 1995) contacts at private and public hospitals in Denmark (23,24). Discharge 

diagnoses are registered in accordance with the International Classification of Diseases (ICD) 10th 

Edition (since 1994). Surgical interventions have been registered and coded in accordance with the 

Nordic Medico-Statistical Committee (NOMESCO) Classification since 1996. When patients are 

discharged, information is provided on 1 main diagnosis and up to 19 additional secondary 

diagnoses along with surgeries if any are performed during the hospital stay. We used DNPR to 

identify all RA patients, all joint surgeries, and to obtain information on pre-existing comorbidities 

for descriptive purposes solely (See Supplementary Table 1 for ICD-10 and NOMESCO codes used). 

DANBIO: is a nationwide register in Denmark established in 2000 to monitor the use and efficacy of 

bDMARDs (25). Each year the DANBIO steering committee publishes online reports (26). We used 

data from these annual reports to establish the time of the interruption (intervention) in the present 

study.   

 

Study population  

RA patients. In DNPR, all patients with a diagnosis of RA between 1996 and 2012 were identified 

(ICD-10: M05.1, M05.3, M05.8, M05.9, M06.0, M06.8, and M.06.0). Some degree of misclassification 

is expected when using healthcare registers in epidemiologic studies. To minimise this risk, we 

restricted our case definition of RA in the primary analysis to patients having RA listed as their main 

diagnosis at two hospital contacts within 90 days, and each of these had to originate from a 

department specialised in rheumatology or general internal medicine (27).  
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General population comparator. Each RA patient identified in DNPR was matched with up to 10 non-

RA individuals from the general population of Denmark. Matching criteria were sex, year of birth and 

municipality at time of diagnosis. Matching was carried out only once and with no replacement 

following patient exclusions (see exclusion criteria below). In this paper, the date from which 

patients and controls were followed up, i.e. date of second RA diagnosis and corresponding 

matching date for controls, is termed ‘index date’.  

Exclusion criteria. Prevalent RA patients with a first diagnosis of RA recorded prior to January 1st 

1996 were excluded, as were individuals aged <18 years at the index date. Furthermore, patients 

and controls who had received upper limb joint replacement prior to their index date were excluded 

for the primary analysis. Accordingly, patients who had a secondary outcome of interest prior to the 

index date were excluded in the respective secondary analyses. 

Outcomes 

Primary outcome. The primary composite outcome was any first joint replacement of the 

shoulder, elbow, wrist or fingers within 5 years of the index date. NOMESCO codes were used 

for identification of the procedures in DNPR (See Supplementary Table 1 for specific codes). If 

an individual had multiple surgeries within the 5 years of maximum allowed follow-up, only the 

first joint replacement counted in the analysis. 

Secondary outcomes. We had 2 secondary outcomes of interest: 1) any first joint or soft tissue 

surgery in the shoulder or elbow excluding joint replacements and 2) any first joint or soft tissue 

surgery in the wrist or fingers excluding joint replacements. See Supplementary Table 1 for specific 

procedures and NOMESCO codes.  

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Follow-up 

In our primary analysis, follow-up started at the index date and ended at the date of first joint 

replacement surgery, death, emigration, or at no later than 5 years of follow-up, whichever occurred 

first. In secondary analyses, follow-up started at the index date and ended at whichever occurred 

first of non-joint replacement surgery of interest, death, emigration, or at 5 years of follow-up at the 

latest. To ensure equal follow-up time regardless if patients were diagnosed at the start or end of 

the study period, we exclusively looked at the first 5 years after the diagnosis for all patients and 

controls; thus, patients diagnosed later than December 31st 2012 and hence not able to contribute a 

full 5 years of follow-up were not included in the present study. 

 

Intervention 

The intervention in our interrupted time series analysis was the introduction of bDMARDs for the 

treatment of RA patients in Denmark. Although infliximab was available in 1999, there were three 

reasons why 2002 was the appropriate choice as intervention time point: First, data from DANBIO 

showed that it was not until 2002 that the use of TNFi dramatically increased (26). Second, in 2002, 

three different TNFis were available (adalimumab, etanercept and infliximab), and each of them 

were increasingly being used (26). Lastly, the now defunct Danish Institute for Rational 

Pharmacotherapy published their first national treatment guideline for TNFi therapy in rheumatoid 

arthritis in 2002. Changes in prescription patterns and guideline implementation were likely “phased 

in” rather than instantaneously changed, and thus to account for this in our time series analysis, we 

applied a one-year lag period starting January 1st 2002 and ending December 31st 2002.  

Statistical analyses 

Descriptive data of the study populations are presented in means and standard deviations (SD) and 

absolute numbers and percentages, as appropriate.  
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Within each 6-month period from 1996 to 2012, we calculated the 5-year age-and sex standardised 

incidence rates (IR) of upper limb joint replacement surgery among incident RA patients and 

controls. Thus, the time series consisted of 32 data points when excluding the 1-year lag period in 

2002. The interrupted time series analysis was then carried out with two time segments: the pre-

bDMARD era (1996-2001) and the bDMARD era (2003-2012) interrupted by the lag-period in 2002. 

Using segmented linear regression, we estimated the baseline IR in 1996 (IR /1000 person years), the 

trend in IR from 1996 to end of 2001 ( IR per 1000 person years per 6-month period), the 

immediate change in the level of the IR in 2003 ( IR per 1000 person years) and the changes in 

trend ( IR per 1000 person years per 6-month period) from 2003 to 2012 in the bDMARD era. Using 

a backward-stepwise procedure, the most parsimonious models was specified (p-entry <0.05; p-exit 

≥0.20). This model selection strategy is commonly used in interrupted time series studies. (19,28,29). 

Results are presented as the 1996 baseline IR (intercept of the model); the pre-bDMARD era trend 

per year (slope coefficient x 2); level change in IR at start of bDMARD era (difference between level 

in IR at the end of 2001 and start of 2003); and trend in bDMARD era (slope regression coefficient in 

pre-bDMARD era x 2 plus slope regression coefficient in bDMARD era x 2). All model parameters are 

presented with 95% confidence intervals (95% CI).  

Statistical analyses were carried out using Stata (v13.1, StataCorp LP, Texas, US) and R 3.1.4 (R 

Foundation for Statistical Computing, Vienna, Austria). 

Sensitivity analyses and model testing 

For sensitivity we used another and less strict case definition inspired by Eriksson et al. (30). This 

included patients with RA listed as a main or contributory diagnosis at two hospital contacts within 1 

year in DNPR. This case definition had no requirements with regards to the specialisation of the 

departments at each contact. All interrupted time series models were tested for first order auto-

correlation using Durbin-Watson tests (20). 
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Ethics 

According to Danish legislation, the registration and publication of data from clinical 

registers and databases do not require patient consent or approval by Ethics Committees. 

Approval was given by the Danish Data Protection Agency (GEH-2014-043, I-Suite: 

03166). 

 

RESULTS 

We identified 18 654 adult RA patients diagnosed between Jan 1st 1996 and Dec 31st 2012 and with 

no prior upper limb joint replacements (see Table 1 and Supplemental Figure 1 for population flow 

chart). 

 

Primary outcome 

Overall, 193 of 18 654 patients with RA (1.0 %) had upper limb joint replacements within the first 5 

years from the index date; with a total of 89 196 person years of follow-up, this resulted in a crude 

IR of 2.16 per 1000 person years (95% CI 1.87 to 2.49) for the entire period of 1996-2012.  

In the interrupted time series analysis, the 1996 baseline IR was 2.46 (95% CI 1.96 to 2.96) per 1000 

person years and remained so until 2001 (Table 2 and Figure 1). From 2003, the IR started to 

decrease by 3 % annually.  

Among controls, the IR was much lower at 0.14 (95% CI 0.07 to 0.21) per 1000 person years in 1996. 

Conversely to that observed for RA patients, these rates increased annually by 7 %  from 1996 to 

2002 and a level increase of +0.17 (95% CI 0.03 to 0.31) following the lag period in 2002 (see Table 2 

and Figure 1). At an IR of 0.37 in the beginning of 2003, the rate subsequently increased annually 

from 2003 to 2012 by the same magnitude as in the pre-bDMARD era. 
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The incidence rate ratio  comparing RA and controls using regression-based values decreased from 

17.6 in 1996, to 12.9 in 2001 (end of pre-bDMARD era), to 6.8 in 2003 (beginning of bDMARD era) 

and 3.5 in 2012 (end of the study period).  

Secondary outcomes.  

Shoulder and elbow surgery. The IR of shoulder and elbow surgery was stable at 2.76 (95% CI 2.32 to 

3.20) per 1000 person years among RA patients in the pre-bDMARD era from 1996 to 2001 (see 

Table 3 and Figure 2). From 2003, the IR started to decrease with 1 % annually. Among matched 

controls, the baseline IR was 1/12 of that in the RA cohort (0.23, 95% CI 0.12 to 0.33 per 1000 person 

years) but with an annual increase of 0.01 (95% CI -0.01 to +0.03) from 1996 to 2017. There was a 

level increase of 134 % from the end of 2001 to 2003 following the lag-period.  

Finger and wrist surgery. In the regression models, the 5-year IR of finger and wrist surgeries in 1996 

was 7.98 (95% CI 6.99 to 8.97) with an annual decrease of 2 % from 1996 to 2001 (see Table 3 and 

Figure 3). In 2003, at the start of the bDMARD era, there was a decrease of 32 % followed by an 

annual decrease in IR with the same magnitude as in the pre-bDMARD era. Among controls, the IR 

was 0.90 (95% CI 0.82 to 0.98) surgeries per 1000 person years from 1996 to 2017 with no observed 

changes throughout the interrupted time series.  

Sensitivity analyses. Using the more liberal case definition, 32 584 patients with RA were identified. 

Applying this case definition resulted in a slightly older cohort (mean 59.0 vs 57.6 years) but with the 

same proportion of females (70.4 vs 70.5 %) (see Suppl. Table 2). Overall, 372 of 32 584 patients (1.1 

%) with RA had a first primary upper limb joint replacement during follow-up. The regression model 

differed from the main analysis in that there was a level increase in 2003 in the RA cohort, but the 

rate of decline during 2003 to 2012 was the same as in the main analysis (See Suppl. Table 3 and 

Suppl. Figure 2). Overall, the results for the secondary outcomes using the liberal case definition 

were no different than when using the more strict definition (see Suppl. Table 4 and Suppl. Figure 3 

and 4). 
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DISCUSSION 

In a nationwide study, we investigated if there was an association between the introduction of 

bDMARDs for treatment of patients with RA and the 5-year IR of upper limb joint replacements 

among newly diagnosed RA patients in an interrupted time series design. Our main finding was that 

following a constant IR of upper limb joint replacements in the pre-bDMARD era from 1996 to 2001, 

the IR started to decrease after bDMARDs were introduced from 2003 to the end of the study period 

in 2012. Among controls from the general population, the IR was 1/17 of that in the RA cohort in 

1996, but contrasting with the trend among RA patients, the rate increased among controls 

throughout the whole study period.  

Our study contributes to a slowly growing body of evidence, that among patients with RA the need 

for upper limb joint replacements and joint surgery in general is decreasing. But, what it further 

adds, is that in Denmark, this decrease mainly started after the bDMARDs became a viable 

treatment option in 2002. In this study, we were able to demonstrate the use of surgery and 

changes there in following this major addition to the treatment repertoire in RA. Furthermore, the 

gradually increasing use of joint replacement in the general population from 2003 and onwards is 

supported by data from the Danish Shoulder Arthroplasty Register (31,32). We looked at the main 

diagnoses of the controls who had upper limb joint replacement in DNPR and found that primary 

and secondary osteoarthritis along with fracture sequelae were more often the indication for 

surgery from 2002 and onwards.  

In the RA population, treatment with conventional synthetic DMARDs and the introduction of the 

treat-to-target strategy in RA is likely to have contributed as well to the decreased need for joint 

surgery (33). Accordingly, some studies have shown that rates of joint surgery had already started to 

decrease before the introduction of bDMARDs. In a study investigating the temporal development in 

joint surgery in two inception cohorts from UK covering the period from 1986 to 2011, Nikiphorou et 

al. showed that rates of wrist, hand, and hindfoot/forefoot joint reconstructive procedures started 
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to decrease before 2000 (13). In addition, Nystad et al. found that in Norway, the incidence of finger 

joint replacements among RA patients decreased significantly from 1994 to 2012, as did the rates of 

shoulder and elbow replacements as well as non-joint replacement surgery of these joints although 

this was not statistically significant (10). In all these prior studies, these decreasing trends started 

before the millennium. 

 

However, there are also studies with findings that compares well with those presented in the 

current study: A study from Finland showed a 60 % reduction in shoulder and elbow replacements 

from 1995 to 2010. The rates of elbow replacements in that study showed a pattern similar to those 

presented here despite the use of a different denominator population. It would have been 

interesting to apply the interrupted time series method to the data from Finland, as the biggest 

reduction in IR occurred post 2003. Likewise, Jenkins et al. showed the same decreasing pattern 

starting in the early 00s for total elbow replacements performed due to RA using data from the 

Scottish Arthroplasty Project (34). Also in accordance with our results, Louie and Ward showed in a 

serial cross-sectional time trend study, that among RA patients aged ≥40 years living in California, 

rates of total wrist arthroplasty and arthrodesis had started to decrease in the early 1990s, but there 

was a significant and steep decrease from 2003-2007 (16). Young et al. have recently reported the 

time trends in joint replacement surgery from the US Nationwide Inpatient Sample, and they too 

reported a relative decrease in prevalence of RA patients among recipients of total elbow and total 

shoulder replacements from 2002 to 2012 as did Triplet et al. (35,36). However, in the study by 

Young et al., although the proportion of patients with RA among shoulder replacement recipients 

decreased, the absolute numbers of RA patients undergoing shoulder surgery looked as if they 

increased (35). In a study from Japan, Momohara et al. reported an increase in finger arthroplasty 

surgery, whereas the number of elbow and wrist joint replacements remained constant from 1998 

to 2008 (18).  
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The overall pattern in the existing literature seems to be a decrease in use of joint surgery among RA 

patients since the 1990s, but with a few studies where the incidence has not changed. A possible 

explanation as to the different results could be that many studies include prevalent cohorts of RA. As 

suggested by Momohara et al. and others (18), it is possible that patients with RA have become 

more fit for surgery in recent decades, but an increased use of surgery in RA populations due to this 

phenomenon would mostly affect prevalent RA patients. As we only included newly diagnosed 

patients with RA, the “fit-for-surgery” theory does not seem the most likely explanation for the 

present findings.  

Our study has some limitations that need be mentioned. The interrupted time series analysis is an 

ecological method, and our results does not allow for commenting on causality. There is an 

alternative or contributory explanation for the decreasing rates of surgery among patients with RA: 

the more intensive treat-to-target strategy with increased use of csDMARD combination therapy 

although this strategy was not specifically introduced in 2002, it is likely that this has contributed to 

our results (33,37,38). To investigate the true impact of bDMARDs on the need for joint surgery, 

studies using individual-level based information on DMARD treatment are needed. Another 

limitation is the inherent risk of misclassification of RA patients when using health care register-

based data, but by using two different case definitions we tried to account for this. A recent Danish 

study found that using the case definition in our primary analysis resulted in a positive predictive 

value of ~80 % (27). Applying the 1-year lag period to the analysis of the time series in general 

population controls can result in models with no biological or meaningful interpretation, given that 

the introduction of bDMARDs would have no effect on this non-treated population. For instance, we 

have no biological, political or practical meaningful explanation for the big level increase observed in 

shoulder and elbow surgery among controls in 2003, other than that merely being the result of 

applying the same flexible regression modelling as in the RA population. 
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All patients and controls were only followed up for the first 5 years following diagnosis, allowing us 

to only capture joint replacements performed within the first years after disease onset. Although 

this could underestimate the true long-term impact of bDMARDs on our outcomes, it allowed for all 

patients and controls to have an equal amount of follow-up time regardless if entering the study in 

the pre-bDMARD or the bDMARD era and therefore made comparisons across the time-series more 

valid. It’s worth noting that other studies have shown that a non-negligible number of RA patients 

require joint replacement surgery within 5 years of diagnosis and upper limb surgery is reported to 

be the first type of surgery in at least two studies (3–5). Another limitation is the possibility that the 

new diagnostic criteria for RA introduced in 2010, with emphasis on earlier diagnosis, could have 

affected the 5-year IR of surgery in the last two years of the study period. Furthermore, it is also 

possible that rheumatologists have changed their threshold for referral to orthopaedic surgery.  

The strengths of the current study include the nationwide population-based design ensuring 

complete follow-up in a large population of RA patients as well as matched controls in a universal, 

tax-funded health care system. Our ability, to compare the observed trends in patients with RA to 

the secular trends among matched non-RA individuals is another strength. We also believe the 

interrupted time series method to be a strength of this study: When analysing time series data 

where interventions occur in the midst of the time series, it is beneficial to know the trend pre and 

post a given intervention; and to not only calculate the mean change over the entire period or to 

only calculate incidence rate ratios where information on trends within each calendar period is lost.  

In conclusion, we found that the five-year IR of upper limb joint replacements among newly 

diagnosed RA patients started to decrease following the introduction of bDMARDs. 

However, given the ecological design of the study, it is a possibility that other factors 

contributed to this finding. In 1996, the IR of upper limb joint replacements was 17-fold 

higher among RA patients compared to non-RA individuals. In 2012, it was only 3.5 times 
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higher. In context, our study supports previous reports of improved outcomes in newly 

diagnosed RA patients. 
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Figures: 

 

 

Figure 1. Results of interrupted time series regression analysis investigating the association between 

introduction of bDMARDs and the 5-year incidence rate (per 1000 person years) of any first upper 

limb joint replacement among newly diagnosed rheumatoid arthritis patients and matched controls 

from the general population. Dotted lines represent estimated counterfactual scenarios had there 

been no change after 2002. 
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Figure 2. Results of interrupted time series analysis investigating the association between 

introduction of bDMARDs and the 5-year incidence rate (per 1000 person years) of any first shoulder 

or elbow surgery (excluding joint replacement) among newly diagnosed rheumatoid arthritis patients 

and matched controls from the general population. Dotted lines represent counterfactual scenarios 

had there been no change after 2002. 
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Figure 3. Results of interrupted time series analysis investigating the association between 

introduction of bDMARDs and the 5-year incidence rate (per 1000 person years) of any first finger or 

wrist surgery (excluding joint replacement) among newly diagnosed rheumatoid arthritis patients 

and matched controls from the general population. Dotted lines represent counterfactual scenarios 

had there been no change after 2002. 
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Tables: 

 

 

Table 1. Demographics of incident adult rheumatoid arthritis (RA) patients and matched general population controls 

from 1996 to 2012.  

 

RA Controls p value 

N 18 654 183 065  

Age, years 57.6 ± 15.1 57.4 ± 15.1 0.048 

Female, n (%) 

13 142 

(70.5%) 
129 239 (70.6%) 

0.683 

Chronic obstructive pulmonary 

disease, n (%) 
756 (4.1) 6432 (3.5) 

<0.001 

Cardiovascular disease, n (%) 1829 (9.8) 16 917 (9.2) 0.019 

Diabetes mellitus, n (%) 661 (3.5) 7005 (3.8) 0.045 
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Table 2: Changes in the 5-year incidence rate of upper limb joint replacement surgery among newly diagnosed 

rheumatoid arthritis (RA) patients following introduction of biological DMARDs (bDMARDs) compared with secular 

trends in age, sex and municipality-matched general population controls in an interrupted time series model. 

Cohort N 
Person 

years 

Joint 

replacements, 

N 

Baseline  

incidence rate/ 

1000 PY 

(95%CI) in 

1996 

∆ per year*  

1996-2001 

(pre-bDMARD 

era) 

∆ in level  

January 1
st
 2003 

(start bDMARD 

era) 

∆ per year 

2003-2012 

(bDMARD era) 

RA 18,654 89,196 193 
2.46  

(1.96 to 2.96) 
No change No change 

-0.08  

(-0.20 to +0.02) 

Controls 183,152 838,001 291 
0.14  

(0.07 to 0.21) 

+ 0.01  

(-0.00 to +0.02) 

+0.17  

(+0.03 to +0.31) 

+ 0.01  

(-0.00 to +0.02) 

Stepwise backward elimination to produce most parsimonious model: p-entry<0.05 and p-exit>0.2. * ∆ per year based on 

biannual data. Abbreviations: PY, person years; 95%CI, 95 % confidence interval. 

 

 

 

 

 

Table 3. Changes in the 5-year incidence rate of upper limb joint surgery (excluding joint replacements) among newly 

diagnosed rheumatoid arthritis (RA) patients following introduction of biological DMARDs (bDMARDs) compared with 

secular trends in age, sex and municipality-matched general population controls in an interrupted time series model. 

Outcome Cohort N PY N 

surgeries 

Crude 

incidence 

rate per 

1000 PY 

1996-2015 

Baseline 

incidence 

rate per 

1000 PY 

Annual 

change in 

incidence 

rate per 

1000 PY 

1996-2001 

Level 

change 

per 1000 

PY in 

2003 

Trend 

2003-

2015 

Shoulder 

and 

elbow 

surgeries 

RA 18,54

5 

88,577 216 2.44  

(2.13-2.79) 

2.76  

(2.32-3.20) 

No change No 

change  

-0.07  

(-0.16-

0.02) 

Control

s 

182,8

31 

835,782 529 0.63  

(0.58-0.69) 

0.23  

(0.12-0.33) 

0.01  

(-0.01- 

0.03) 

0.39 

(0.19-

0.59) 

No 

change  

Finger 

and wrist 

surgeries 

RA 18,32

1 

86,928 437 5.03 

(4.58-5.52) 

7.98  

(6.99-8.97) 

-0.13  

(-0.32 - 

0.06) 

-2.33 

(-4.29- -

0.37) 

-0.13 

(-0.32 - 

0.06) 

Control

s 

181,8

74 

830,768 760 0.91  

(0.85-0.98) 

0.90 

(0.82- 0.98) 

No change  No 

change  

No 

change  

Stepwise backward elimination to produce most parsimonious model: p-entry<0.05 and p-exit>0.2. * ∆ per year based on 

biannual data. Abbreviations: PY, person years; 95%CI, 95 % confidence interval. 

 


