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ABSTRACT
Objectives  Rheumatoid arthritis has been associated with 
increased fracture risk. New treatments have improved 
the course of the disease substantially, but it is not clear 
if this influences fracture risk. We examined if rheumatoid 
arthritis, overall and according to disease-modifying 
antirheumatic drugs (DMARDs), is associated with a risk of 
major osteoporotic fractures.
Methods  Overall, 92 285 participants in the population-
based Nord-Trndelag Health Study (HUNT), Norway were 
included and linked with hospital records for a validated 
rheumatoid arthritis diagnosis (n=605), type of DMARD 
treatment and fracture diagnosis. Participants were 
followed up until the first major osteoporotic fracture, 
death, emigration or end of follow-up. Cox regression was 
used to estimate HRs for fractures among individuals with 
rheumatoid arthritis, overall and by DMARD treatment, 
compared with participants without rheumatoid arthritis.
Results  A total of 9670 fractures were observed 
during follow-up, of which 88 were among those with 
rheumatoid arthritis. Compared with the reference group 
of participants without rheumatoid arthritis, those with 
the disease had an HR of fracture of 1.41 (95% CI 1.13 
to 1.74). The association was largely similar for users 
of csDMARDs (HR 1.44; 95% CI 1.15 to 1.81), whereas 
the association for bDMARD users was weaker and less 
precise (HR 1.19; 95% CI 0.64 to 2.21).
Conclusion  Participants with rheumatoid arthritis had 
a 40% higher risk of fracture than participants without 
the disease. A similar fracture risk was observed for 
conventional synthetic DMARD use, whereas there was 
weak evidence that the use of biological DMARDs may be 
associated with a somewhat lower fracture risk.

INTRODUCTION
Osteoporotic fractures are common extra-
articular comorbidities reported in rheu-
matoid arthritis,1 an autoimmune disease 
characterised by chronic inflammation in 

joints as well as systemic organ involvement 
of the skeleton, lungs, cardiovascular system 
and nervous system.2 3 It is well documented 
that individuals with rheumatoid arthritis are 
at increased risk of fractures compared with 
those without rheumatoid arthritis, and a 
meta-analysis reported a relative risk of 1.52.1 
The negative effect on the bone structure 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The increased risk of fragility fractures in rheumatoid 
arthritis is well documented. Over the last decades, 
new treatments and treatment strategies have been 
implemented into clinical practice, improving the 
outcomes of rheumatoid arthritis substantially.

	⇒ However, so far, most studies have failed to show 
any difference in fracture preventive abilities be-
tween conventional synthetic (cs) disease-modifying 
antirheumatic drugs (DMARDs) and biological (b) 
DMARDs in rheumatoid arthritis, and little is known 
when it comes to the influence of different DMARD 
treatment regimens on fracture risk in rheumatoid 
arthritis compared with the general population.

	⇒ We aimed to investigate whether rheumatoid arthri-
tis overall and by DMARD treatment are at risk of 
major osteoporotic fractures compared with individ-
uals without rheumatoid arthritis.

WHAT THIS STUDY ADDS
	⇒ Overall, individuals with rheumatoid arthritis had a 
40% increased risk of major osteoporotic fractures 
compared with participants without rheumatoid 
arthritis.

	⇒ A similar fracture risk was seen in participants with 
rheumatoid arthritis assigned csDMARDs. We found, 
however, weak evidence that bDMARD use may be 
associated with a somewhat lower fracture risk, that 
is, more comparable to those without rheumatoid 
arthritis.

U
niversity. P

rotected by copyright.
 on F

ebruary 22, 2024 at C
ollege of S

t. B
enedict/S

t. John's
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2023-003919 on 20 F
ebruary 2024. D

ow
nloaded from

 

http://rmdopen.bmj.com/
http://orcid.org/0009-0003-5603-9529
http://orcid.org/0000-0002-1042-3889
https://doi.org/10.1136/rmdopen-2023-003919
https://doi.org/10.1136/rmdopen-2023-003919
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2023-003919&domain=pdf&date_stamp=2024-02-20
http://rmdopen.bmj.com/


2 Tronstad I, et al. RMD Open 2024;10:e003919. doi:10.1136/rmdopen-2023-003919

RMD OpenRMD OpenRMD Open

may involve several mechanisms, such as inflammation, 
inactivity and the use of glucocorticoids.4

Previous studies have reported that cytokines stim-
ulate the receptor activator of nuclear factor kappa-Β 
ligand (RANKL) pathway, with a net result of bone 
resorption over bone formation.5 There has been signif-
icant improvement in the management of rheuma-
toid arthritis over the past two decades, especially with 
the introduction of biological disease-modifying anti-
rheumatic drugs (bDMARDs) and the adoption of an 
early, aggressive anti-inflammatory treatment approach 
known as ‘treat to target’ (t2t).6 7 Biological and targeted 
synthetic (ts) DMARDs directly influence inflammatory 
cytokines and signalling molecules, and studies have 
shown that bDMARDs inhibit both RANKL and osteo-
clasts, thereby preventing joint erosion and general bone 
loss.8–10 Furthermore, studies on bDMARDs have demon-
strated protective effects against generalised bone loss 
and favourable effects on bone resorptive markers.8 10 
Use of bDMARDs may therefore offer superior fracture 
prevention compared with conventional synthetic (cs) 
DMARDs alone. However, previous studies have mainly 
focused on bDMARD or tsDMARD treatment compared 
with csDMARDs, and most studies report no difference in 
fracture risk between the two groups.11 12 There is limited 
knowledge on fracture risk in individuals with rheuma-
toid arthritis undergoing various DMARD treatments 
compared with the general population.

The aim of this study was therefore to investigate the 
risk of major osteoporotic fractures in participants with 
rheumatoid arthritis compared with participants without 
the disease and also examine fracture risk according to 
different DMARD treatment regimens.

MATERIALS AND METHODS
Study population
The Nord-Trøndelag Health Study (HUNT) is a 
population-based cohort study conducted in the 
geographical region of Nord-Trøndelag in central 
Norway and consists of four main surveys: HUNT1 
(1984–1986), HUNT2 (1995–1997), HUNT3 (2006–
2008) and HUNT4 (2017–2019). All inhabitants in the 
region aged ≥20 years were invited to participate in each 

survey. In HUNT 2, HUNT3 and HUNT4, 65 228 (69.5% 
of those invited), 50 800 (54.1%) and 56 042 (54%) chose 
to participate, respectively. Details of the HUNT Study 
have been described previously.13 All participants in the 
HUNT Study are recorded with their unique 11-digit 
personal identification number. This allowed linkage to 
the Norwegian arthroplasty registry, which holds infor-
mation on all joint and arthroplasties since 1987,14 as well 
as hospital records in the catchment area for validated 
rheumatoid arthritis and fracture diagnoses since 1988.

For the purpose of the current study, a total of 96 433 
participants who attended at least one of the HUNT2 
to HUNT4 surveys were included. Among the included 
participants, 605 had rheumatoid arthritis (53 were diag-
nosed before the time of inclusion and 552 were diag-
nosed during follow-up), and 91 680 participants were 
never diagnosed with rheumatoid arthritis. Of all eligible 
participants, we excluded 4148 who were diagnosed with 
rheumatoid arthritis, experienced a fracture, emigrated 
or died before 1 January 2000, when bDMARDs were 
introduced in Norway. Individuals with rheumatoid 
arthritis never treated with DMARDs were excluded from 
the analyses (n=40) due to uncertainty around the under-
lying reasons for not being prescribed such treatment. 
The final study sample comprised 92 245 participants 
available for statistical analyses (figure 1).

Rheumatoid arthritis and medication
Due to the low validity of self-reported rheumatoid 
arthritis in the HUNT questionnaires, hospital records 
have been evaluated and only valid diagnoses, according 
to the American College of Rheumatology/(EULAR) 
2010 criteria, were included.15 Information regarding the 
use of DMARDs, date of diagnosis and serological status 
(seropositive or seronegative) was obtained by medical 
record review by the first author (IT). Date of initiation 
and type of DMARD prescription(s) by a rheumatolo-
gist were registered, as well as the DMARDsprescription 
duration and use of glucocorticoids and antiosteoporotic 
drugs. The use of medication was registered during the 
whole follow-up period.

Available DMARD treatments in Norway at the end 
of observation included: bDMARDs (tumour necrosis 
factor-alpha inhibitors (TNFi) (infliximab, golimumab, 
certolizumab, adalimumab and etanercept), T-cell inhib-
itors (abatacept), antibodies against B-lymphocytes 
(rituximab), interleukin (IL)-1 (anakinra), IL-6 inhib-
itors (tocilizumab) and Janus-kinase inhibitors (tofaci-
tinib and baricitinib)) and csDMARDs (methotrexate, 
sulfasalazine, leflunomide and hydroxychloroquine). 
Participants using DMARDs were divided into categories 
of never users of any DMARDs, ever users of csDMARDs 
only and ever users of bDMARDs with or without previous 
or concomitant csDMARD use.

Outcome
We used the following International Classification of 
Disease (ICD) codes, V.9 or V.10, to identify relevant 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ Our findings suggest that individuals treated with bDMARDs might 
have the same fracture risk as individuals without rheumatoid ar-
thritis. This finding could indicate that aggressive anti-inflammatory 
treatment is also favourable for preventing fractures.

	⇒ Our findings might support the earlier introduction of bDMARDs in 
high-risk patients for osteoporosis and fractures, in addition to tar-
geted antiosteoporotic treatment.

	⇒ Further research over the years to come is needed to confirm our 
findings when longer follow-up periods for individuals initiating bD-
MARDs according to the treatment-to-target principle are available.
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major osteoporotic fractures: the proximal humerus 
(812.0–812.3 and S42.2–S42.31), distal forearm (813.4, 
813.5 and S52.5–S52.61), hip (820.0–820.3 and S72.0–
S72.21) and spine (805.2–805.5, 806.0–806.5, S12.0–
S12.21, S22.0–S22.1, S32.0–S32.01, T08 and T08.90). 
Whenever available, we also used the NOMESCO Classi-
fication of Surgical Procedure codes or ‘classification of 
surgeries’ codes from hospitals in the catchment area for 
fracture identification.

A fracture was defined as one of the following: (1) two 
identical ICD codes within 3 months, (2) one or more 
ICD codes for spinal fracture and (3) one ICD code in 
addition to a relevant surgical procedure code within 
1 month prior to the ICD code or 2 months after the 
ICD code. Fractures were recorded from 1988 (the start 
of electronic recording) through 21 October 2021 and 
included fractures from outpatient clinics and hospital 
admission. Since bDMARDs were introduced as a treat-
ment option for rheumatoid arthritis in Norway shortly 
before the year 2000, participants in the HUNT2 survey 
entered the study on 1 January 2000. Participants 
contributed person time as unexposed until the data of 
diagnoses of rheumatoid arthritis and then contributed 
person time as exposed until the date of an event (ie, 

fracture) or until censoring (figure 2). Similarly, partic-
ipants with rheumatoid arthritis who were treated with 
csDMARDs contributed person time in this category and 
shifted exposure status to bDMARDs at the date of the 
change to the new treatment and contributed person 
time in this category thereafter.

Other variables
Potential confounders were identified using directed 
acyclic graphs (DAGs) and included sex, baseline age 
(divided into 10-year age groups from age 20 to 100) 
and smoking status (categorised into never, current 
and previous smokers). Information on sex and age was 
obtained from the Central Person Registry upon partic-
ipation in the HUNT Study. Information on smoking 
status was assessed from participants’ first available 
HUNT questionnaire and not updated during follow-up. 
The final DAG is included in online supplemental figure 
1.

Statistical analyses
Incidence ratios (IRs) of fracture were calculated for 
participants with rheumatoid arthritis, both overall and 
according to the DMARD treatment group, and for 

Figure 1  Inclusion of study participants by exposure status and time of inclusion. *RA, rheumatoid arthritis; **non-RA 
participants, participants without RA; ***excluded, n=40 never assigned disease-modifying antirheumatic drugs, all with first 
participation HUNT2; ****RA diagnosis before first HUNT-survey participation (diagnosed after 1 January 2000).
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participants without rheumatoid arthritis. Cox propor-
tional hazards regression was used to estimate the crude 
and adjusted HRs of fractures associated with rheumatoid 
arthritis status and with the different DMARD treatments. 
All covariates were included as categorical variables in 
the model to allow for non-linear relationships with frac-
ture risk. The precision of the estimated rates and HRs 
was assessed by a 95% CI. Violations of the proportional 
hazards assumption were evaluated by tests of Schoenfeld 
residuals and by visual inspection of log-log plots. The 
proportional hazards assumption was not met for age, 
and we, therefore, used a stratified Cox procedure based 
on 10-year age strata to control for potential confounding 
by age. Rheumatoid arthritis is more common in women 
and in advanced age; therefore, we evaluated a product 
term of rheumatoid arthritis and sex and rheumatoid 
arthritis and age (±45 years) in likelihood ratio tests 
to assess possible effect modification by these factors. 
Missing data on smoking status (n=1646) and DMARD 
treatment (n=1) were imputed using 20 imputations from 
a multinominal logistic regression including sex, HUNT 
survey, age, fractures and the Nelson-Aalen estimate of 
the cumulative baseline hazard. In sensitivity analyses, we 
also conducted analyses with delayed entry of 6 months, 
1 year and 2 years in the csDMARD group after changing 
treatment status from csDMARDs to bDMARDs, since 
fractures occurring shortly after changing DMARDs may 
not be biologically related to bDMARD initiation. We 
also excluded individuals with fractures and rheumatoid 
arthritis diagnoses before baseline, with the aim of inves-
tigating the potential influence on the estimated fracture 
risk. Hip prosthesis surgery is common and might be a 

protective factor for hip fractures.16 Analyses, including 
the date of hip prosthesis surgery as a competing risk for 
all fractures and hip fractures in rheumatoid arthritis 
compared with participants without rheumatoid arthritis, 
were performed using competing risk regression (stcrreg) 
in Stata. Statistical analyses were performed using Stata 
V.17.0 (StataCorp LCC, College Station, Texas, USA).

Patients and public involvement
The HUNT Study collaborates with representatives 
from patient associations, the political and administra-
tive bodies of municipalities and the country council 
through an advisory board. Furthermore, the leader of 
the regional osteoporosis association is involved in osteo-
porosis research.

RESULTS
In total, 9670 fractures were observed during follow-up; 
9582 fractures were registered in participants without 
rheumatoid arthritis (IR 6.4/1000 per person-year (PY)), 
and 88 (IR 16.2/1000 PY) fractures were registered in 
participants with rheumatoid arthritis. In the csDMARD 
group and bDMARD treatment group, 78 fractures (IR 
17.4/1000 PY) and 10 fractures were registered (IR 
10.5/1000 PY), respectively.

Participants with rheumatoid arthritis at the time of 
inclusion were on average diagnosed 5.4 years prior to 
inclusion (median 5 years). They had overall higher C 
reactive protein (CRP) levels, a lower estimated glomer-
ular filtration rate (eGFR), worse self-reported health 
and older age at baseline compared with participants 

Figure 2  Illustration of time of inclusion and follow-up. *Non-RA participants, participants without RA; **RA, rheumatoid 
arthritis. U
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diagnosed with rheumatoid arthritis during follow-up 
and participants without rheumatoid arthritis (table 1).

Individuals treated with bDMARDs were younger at 
baseline and had higher CRP levels. They were also more 
likely to be female, current smokers, seropositive and use 
antiosteoporotic drugs and prednisolone compared with 
csDMARD users (table 2). Participants in the bDMARD 
group were followed up for an average of 6.0 years and 
had received treatment with csDMARDs for an average 
of 4.1 years (SD 4.2) before initiating bDMARDs. Partic-
ipants in the csDMARD group had a mean follow-up of 
7.8 years and csDMARDstreatment was initiated 0.3 (SD 
1.4) years after inclusion (data not shown).

Participants in the bDMARDs group were followed up 
for an average of 6.0 years and had received treatment 

with csDMARDs for an average of 4.1 years (SD 4.2) 
before initiating bDMARDs (data not shown). Partici-
pants in the csDMARDs group had a mean follow-up of 
7.8 years and csDMARDs treatment was initiated 0.3 (SD 
1.4) years after inclusion (data not shown).

Rheumatoid arthritis and DMARD association with fractures
Participants with rheumatoid arthritis had an HR of 
1.41 (95% CI 1.13 to 1.74) for fractures compared with 
those without rheumatoid arthritis. Estimates remained 
nearly unchanged after excluding fractures and rheu-
matoid arthritis diagnoses before the time of inclusion 
(online supplemental table 1). No meaningful interac-
tion between rheumatoid arthritis and age (p=0.34) or 
rheumatoid arthritis and sex (p=0.89) was observed. 

Table 1  Baseline characteristics of the study population according to RA status

Baseline characteristics
Without rheumatoid 
arthritis, n=91 680

With rheumatoid arthritis, n=605

Diagnosis at the time of 
inclusion, n=53

Diagnosed during 
follow-up, n=552

Women, n (%) 48 634 (53.0) 32 (60.4) 350 (63.4)

Age, years, mean, (SD) 45.7 (16.8) 57.9 (16.5) 51.5 (13.4)

Body mass index, kg/m², mean (SD) 26.4 (4.4) 27.4 (4.6) 26.9 (4.2)

CRP, mg/L, mean (SD)* 2.6 (5.2) 5.2 (9.2) 2.5 (3.1)

eGFR, mL/min/1.73 m², mean (SD)† 101.7 (18.8) 93.0 (22.1) 97.3 (16.6)

Baseline survey, n (%)

 � HUNT2 60 623 (66.1) 0 (0) 502 (90.9)

 � HUNT3 13 631 (14.9) 22 (41.5) 48 (8.7)

 � HUNT4 17 426 (19.0) 31 (58.5) 2 (0.4)

How is your health at the moment? n (%)

 � Poor or not so good 21 386 (23.3) 28 (52.8) 167 (30.3)

 � Good or very good 69 233 (75.5) 22 (41.5) 378 (68.5)

 � Missing 1061 (1.2) 3 (5.7) 7 (1.2)

Do you suffer from any longstanding illness? That impairs your function in everyday life? n (%)

 � Yes 29 956 (32.7) 46 (86.8) 192 (34.8)

 � No 58 839 (64.2) 6 (11.3) 344 (62.3)

 � Missing 2885 (3.1) 1 (1.9) 16 (2.9)

Smoking status, n (%)‡

 � Never 40 476 (44.2) 14 (26.4) 165 (29.9)

 � Previous 26 344 (28.7) 21 (39.6) 149 (27.0)

 � Current 23 214 (25.3) 18 (34.0) 220 (39.8)

 � Missing 1646 (1.8) 0 (0) 18 (3.3)

Major osteoporotic fracture, n (%) 1795 (2.0) 2 (3.8) 5 (0.9)

Hip prosthesis at baseline, n (%)§ 937 (1.0) 1 (1.9) 6 (1.1)

Years with RA diagnosis, mean (SD) – 5.4 (3.6) –

*CRP (n=38 981 in non-RA, n=50 in RA diagnosis at the time of inclusion and n=116 in RA diagnosis after inclusion).
†eGFR using CKD-EPI formula.34

‡Cigarette smoking categorised into never, previous and current smoker.
§Information on hip prosthesis of any cause (hip fracture, RA, cox arthrosis hip osteoarthritis and other) from 1987 were included from the 
Norwegian Arthroplasty register.14

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation ; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; 
HUNT, Nord-Trøndelag Health Study; RA, rheumatoid arthritis.
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Participants treated with csDMARDs had an HR of 1.44 
(95% CI 1.15 to 1.81), whereas participants treated with 
bDMARDs had an HR of 1.19 (95% CI 0.64 to 2.21) for 
fractures, both compared with participants without rheu-
matoid arthritis (table 3).

The sensitivity analyses with 6-month, 1-year and 2-year 
delayed entry showed that the HR of fractures in bDMARD 
users compared with participants without rheumatoid 
arthritis remained largely similar to the main results 
(online supplemental table 2). Moreover, including anal-
ysis of competing risk by hip prosthesis surgery did not 
influence the effect of rheumatoid arthritis on fracture 
risk (online supplemental table 3).

DISCUSSION
In this study, individuals with rheumatoid arthritis overall 
had an increased risk of fractures compared with partic-
ipants without rheumatoid arthritis. csDMARD users 
had a comparable fracture risk with participants with 

rheumatoid arthritis overall, and bDMARD users had 
a somewhat lower fracture risk, closer to participants 
without rheumatoid arthritis.

The increased risk of fractures related to rheuma-
toid arthritis is in line with the previously reported HR 
(1.37–1.78).17–19 Higher CRP levels, in general,20 disease 
duration and disease severity in rheumatoid arthritis 
participants at baseline are factors associated with frac-
tures and might explain some of the difference in frac-
ture risk observed between the two groups.21 22 The 
observed incidence rate of fractures among persons with 
rheumatoid arthritis was comparable to the incidence 
rate published in a meta-analysis in 2018.1 The substan-
tial difference in the incidence rate between participants 
with rheumatoid arthritis and those without rheumatoid 
arthritis in our study might be due to differences in age 
and gender that were not accounted for in the crude esti-
mates. This is also supported by the attenuation of the 
HRs in the multiadjusted analysis.

Table 2  Descriptive characteristics of participants with rheumatoid arthritis by DMARD group

Participants with rheumatoid arthritis, n=605*

Never DMARDs, 
n=40

csDMARDs, n=418 
 

bDMARDs,  
n= 146
 

Age, years, mean (SD) 64.7 (11.8) 53.3 (13.3) 44.6 (11.7)

Women, n (%) 21 (52.5) 257 (61.5) 103 (70.6)

Seropositive rheumatoid arthritis, n (%) 19 (47.5) 301 (72.0) 126 (86.3)

CRP, mg/L, mean (SD)† 4.1 (6.3) 3.9 (7.3) 7.5 (11.8)

Smoking status at baseline, n (%)

 � Never 17 (43.6) 124 (30.8) 37 (25.7)

 � Previous 10 (25.6) 125 (31.0) 35 (24.3)

 � Current 12 (30.8) 155 (38.2) 72 (50.0)

Use of antiosteoporotic drugs and/or calcium and vitamin D 
supplements, yes, n (%)‡

31 (52.5) 307 (73.4) 117 (80.1)

≥5 mg prednisolone for ≥3 months, yes, n (%) 32 (80.0) 364 (87.1) 138 (94.5)

Years with RA at the time of inclusion, mean (SD) 0 4.6 (3.2) 6.6 (3.9)

Mean duration of follow-up, years (SD)§ 7.1 (6.6) 7.8 (5.5) 6.0 (5.0)

Type of initial bDMARD treatment

 � TNFi – – 125 (85.6)

 � Rituximab – – 10 (6.8)

 � Other¶ – – 11 (7.5)

*One individual is missing DMARD status.
†Mean CRP values are presented for individuals with RA diagnosis at the time of inclusion in conventional synthetic DMARD and biological 
DMARD users. In never DMARDs, mean CRP is calculated based on CRP levels for all participants with RA (RA diagnosis at the time of 
inclusion and RA diagnosis during follow-up) due to few registered CRP measurements in participants with RA at the time of inclusion never 
assigned DMARD treatment.
‡Including tablets with calcium and vitamin D.
§Mean follow-up non-RA 15.6 years (SD 8.9), median 15.
¶Other: in total, five individuals were treated with targeted synthetic DMARDs, one individual treated with abatacept and five individuals 
treated with IL-6 inhibitor.
DMARDs, disease-modifying antirheumatic drugs; IL-6, interleukin 6; non-RA, participants without rheumatoid arthritis diagnosis; RA, 
rheumatoid arthritis; TNFi, tumour necrosis factor-alpha inhibitor.
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Chronic inflammation drives bone homeostasis 
towards bone resorption through cytokines, resulting in 
an elevated RANKL/osteoprotegerin (OPG) ratio as well 
as inhibition of the Wnt signalling pathway, with a net 
result of increased osteoclast activity and a reduction in 
osteoblast activity.5 8 In studies on fracture risk in rheu-
matoid arthritis overall, different treatment regimens 
and disease activity most often have not been taken into 
consideration.23 From our data, it is not known if patients 
had well-controlled disease since we are lacking data on 
disease activity. A study from Norway, with the enrolment 
of newly diagnosed patients with rheumatoid arthritis 
from 1999 to 2001 and a 10-year follow-up, found that 
almost 60% had high disease activity at baseline, with a 
decline to 9.7% with high disease activity after 2 years of 
treatment. After 5 and 10 years, 42.0% and 27.4% had 
moderate disease activity, respectively, and the rest had 
low disease activity or clinical remission.24 If we assume 
that our population with rheumatoid arthritis had the 
same development in disease activity after treatment 
initiation, the majority should have achieved a reduc-
tion in disease activity over the first years of treatment. 
Still, a non-negligible proportion had moderate disease 
activity after 5 and 10 years, indicating that not all indi-
viduals with rheumatoid arthritis are sufficiently treated. 
Individuals with rheumatoid arthritis who do not achieve 
low disease activity or remission are reported to have an 
increased risk of future fractures.22

Since the introduction of bDMARD or tsDMARD, 
studies have investigated these treatments’ effects on bone 
mineral density (BMD),8 25 bone resorptive markers10 and 
fracture risk.11 12 Several studies comparing the fracture 
risk in bDMARD users to csDMARD have concluded with 
no favourable effect of bDMARDs.11 12 However, some 
studies have reported bDMARDs to have superior bone-
sparing properties compared with csDMARDs alone,25 as 
well as a positive effect on bone resorptive markers.10 In 
the existing literature, little is known when it comes to 
the influence of different DMARD treatment regimens 

on fracture risk in rheumatoid arthritis compared with 
participants without rheumatoid arthritis.

Prescription of bDMARDs increased steadily from the 
year 2000 until the end of follow-up. Thus, in our study 
population, a higher percentage of included partici-
pants were assigned bDMARD treatment over the last 
years of the study. A Norwegian multicentre study from 
2013 found that disease activity and inflammation in 
patients prescribed TNFi in combination with meth-
otrexate (MTX) and MTX monotherapy for the first 
time decreased from high to moderate from the year 
2000–2010. They also reported a reduction in time from 
diagnosis to initiation of csDMARDs and bDMARDs, as 
well as a twofold increase in 6-month remission rates 
over the same time period.26 Individuals treated with 
bDMARDs initiated in early 2000 seem to be a stricter 
selected group, which does not necessarily provide the 
‘correct’ picture of bDMARDs’ efficiency in preventing 
fractures. We might first, in a few years, get a good picture 
of bDMARDs’ influence on fracture risk in the rheuma-
toid arthritis population, with longer follow-up times for 
the increasing numbers of patients receiving bDMARDs 
after the t2t principle.

Antiosteoporotic drugs are important medications 
for the prevention of bone loss and fractures.27 In our 
study, the percentage of individuals with rheumatoid 
arthritis registered with antiosteoporotic drug use was 
higher compared with a previous publication of antios-
teoporotic drug use in the HUNT3 population.28 This 
might be explained by differences in the registration of 
included medication between the two studies, as we regis-
tered calcium supplements with or without vitamin D as 
an antiosteoporotic treatment. If ever another antiosteo-
porotic treatment was assigned after the first registered 
treatment, this was not updated during our registration, 
making it impossible to compare the numbers with the 
previously published study without calcium or vitamin 
D medication. The favourable effect of antiosteopo-
rotic treatment in rheumatoid arthritis, independently 

Table 3  Risk of fractures according to RA and treatment status

Number of 
fractures Person years

Incidence ratio 
(95% CI) Crude HR (95% CI) Adjusted HR (95% CI)

Exposure status

 � Non-RA 9582 1 488 387 6.4 (6.3 to 6.6) Ref. Ref.

 � RA 88 5442 16.2 (13.1 to 20.0) 1.96 (1.59 to 2.42) 1.41 (1.13 to 1.74)

RA by DMARD treatment

 � Conventional 
synthetic DMARDs 
only

78 4491 17.4 (13.9 to 21.7) 2.11 (1.69 to 2.64) 1.44 (1.15 to 1.81)

 � Ever biological 
DMARDs

10 950 10.5 (5.7 to 19.5) 1.27 (0.69 to 2.37) 1.19 (0.64 to 2.21)

Adjusted for: sex (female/male), age (divided into 10-year age groups from age 20–100) and smoking status (never, previous and current 
smokers).
DMARDs, disease-modifying antirheumatic drugs; RA, rheumatoid arthritis.
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of DMARD treatment, is reported in a study by Chen et 
al,25 and the potentially favourable effect of bDMARD 
reported in our study might partly be due to a synergistic 
effect of bDMARD and antiosteoporotic drug use.

Investigating different medical treatments’ effects on 
endpoints in observational studies is challenging and 
prone to several biases.29 One concern is confounding 
by indication.30 Due to the current and previous EULAR 
treatment recommendations, bDMARDs are indicated 
if csDMARDs have failed to acheive clinical remission 
or are not tolerated.31 Years with rheumatoid arthritis, 
lack of clinical remission or achievement of low disease 
activity during the first 2 years after treatment initi-
ation are shown to increase the risk of fractures.21 22 32 
In contrast to individuals with rheumatoid arthritis not 
achieving clinical remission, individuals with rheuma-
toid arthritis who achieved clinical remission showed 
no difference in BMD levels to the general population, 
supporting that t2t strategy contributes positively to bone 
health.33 In our study, all evaluations of indications for 
DMARDs were made by rheumatologists. Individuals 
treated by bDMARDs most probably failed to achieve clin-
ical remission or had higher disease activity at the time of 
changing treatment status, and therefore might have had 
a higher fracture risk compared with participants only 
on csDMARDs. This could mask the beneficial effect of 
bDMARD treatment on bone. We found that bDMARD 
users had a lower HR for fractures than csDMARD users 
when compared with participants without rheumatoid 
arthritis, despite expected higher disease activity or more 
severe disease in bDMARD users. This might indicate that 
bDMARD treatment has superior bone-sparing proper-
ties compared with csDMARDs, but this finding must be 
confirmed in larger studies.

Theoretically, it will take some time from the initiation 
of bDMARDs until the treatment is effective and could 
have any bone-sparing effect. Thus, fractures occurring 
shortly after initiating bDMARDs could be less related to 
the bDMARD treatment, and registration of fractures in 
the bDMARD group right after treatment change might 
lead to an overestimation of the fracture risk among 
participants treated with bDMARDs. The duration of a 
potential latency period is, however, uncertain. Treat-
ment with bDMARDs has shown rapid changes in bone 
metabolism markers, with an increase in bone forma-
tion markers and a decrease in bone resorptive markers 
already after 14 weeks of treatment.10 Several studies have 
reported favourable BMD levels in bDMARD users,8 but 
the minimum duration of treatment that is needed to 
see changes in bone architecture is not well established. 
We included three different timespans for delayed entry 
after changing DMARD treatment (online supplemental 
table 2) with results supporting our main findings, but 
due to the low number of cases and short follow-up time, 
the findings are difficult to interpret in further detail.

The strengths of our study include the population-based 
design with long follow-up and the high validity of expo-
sure and outcome data. We included validated diagnoses 

of rheumatoid arthritis,15 outcomes and prescribed 
medication in rheumatoid arthritis participants were 
obtained from local hospital data, and DMARDs were 
only prescribed by rheumatologists. Detailed informa-
tion provided precise temporality between the time of 
diagnosis and treatment initiation. Immortal time bias is 
a concern in studies on treatment effects on outcomes.29 
We tried to minimise this type of misclassification by 
letting participants with rheumatoid arthritis contribute 
to follow-up time in different treatment groups during 
follow-up, depending on which treatments they were 
assigned, allowing continuous censoring during the 
whole follow-up period.

One limitation is that our data did not provide infor-
mation on disease activity or bone metabolism markers 
at the time of inclusion or during follow-up, leaving us 
unable to evaluate whether participants on different 
treatment regimens achieved remission during follow-up. 
Despite having over 600 participants with rheumatoid 
arthritis, we had a limited number of cases per treatment 
group, providing some uncertainty in our estimates. A 
direct comparison of fracture risk between csDMARD 
and bDMARD users would be of interest but was not 
included in our manuscript due to low statistical power. 
We had no information on antiosteoporotic drugs in 
participants without rheumatoid arthritis, and a compar-
ison of antiosteoporotic treatment between participants 
with rheumatoid arthritis and participants without rheu-
matoid arthritis was not possible. Our population was 
recruited from a population-based health survey, and 
there is always a possibility of ‘healthy cohort selection’, 
not including participants more severely affected by 
rheumatoid arthritis. However, most of our participants 
with rheumatoid arthritis were included prior to diag-
nosis. Some participants might have experienced a frac-
ture outside Trøndelag County, but this is likely to have 
had a minor influence on the results since most fracture 
controls are performed and registered at local hospitals.

CONCLUSION
Overall, individuals with rheumatoid arthritis were at 
increased risk of fractures compared with the general 
population. An increased fracture risk was also seen in 
csDMARD users compared with individuals without rheu-
matoid arthritis. However, our findings showed weak 
evidence that the fracture risk in bDMARDs might be 
comparable to participants without rheumatoid arthritis, 
indicating that anti-inflammatory treatment and/or 
antiosteoporotic treatment are important for fracture 
prevention in this patient group. This finding may be 
of importance not only for individuals with rheuma-
toid arthritis but also for society when considering the 
substantial economic burden associated with fractures.
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