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Abstract. — OBJECTIVE: This systematic re-
view aimed to assess the impact of biologic dis-
ease-modifying antirheumatic drugs (0bDMARDSs)
use on the risk of fracture in rheumatoid arthritis
(RA) by conducting a pooled analysis of adjusted
outcomes from individual studies.

MATERIALS AND METHODS: PubMed, Em-
base, and BioMed Central were searched up to
20th January 2021. Multivariable-adjusted odds
ratios (OR) or matched estimates on the impact
of bDMARDSs on fracture risk were pooled.

RESULTS: Nine studies were included. We
found no statistically significant difference in
the risk of fractures in RA patients using bD-
MARDs vs. non-users. On sensitivity analysis,
we found no change in the significance of the
effect size on exclusion of any study. There was
no statistically significant difference in fracture
risk in studies only on tumor necrosis factor
(TNF) inhibitors, as well as those including any
bDMARDs. Pooled analysis of only three stud-
ies indicated a statistically significant reduc-
tion in vertebral fractures in bDMARD users vs.
non-users.

CONCLUSIONS: Within the ambit of several
limitations of our review, there seems to be no
impact of bDMARDs on the fracture risk in RA
patients. Further studies evaluating the type and
duration of bDMARD therapy with meticulous
adjustment of confounding factors are required
to strengthen current evidence.
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Introduction

Rheumatoid arthritis (RA) is a chronic system-
ic inflammatory disease characterized by pain

and swelling of multiple joints in the body'. In
addition to joint involvement, the chronic severe
inflammation in RA results in many extra-artic-
ular manifestations and comorbidities, like car-
diovascular diseases, depression, interstitial lung
disease, infections, gastrointestinal diseases, and
osteoporosis®>. Indeed, several studies®** in the
literature have demonstrated an increased risk of
osteoporosis and fractures in patients with RA as
compared to the general population. Jin et al® in
a meta-analysis of 25 studies have reported 1.5
times increased risk of fracture in RA patients.
Scholars® have also indicated that fractures can
lead to significant disability, poor quality of life,
and increased mortality in RA patients.

Several different medications are prescribed
for RA to manage pain and associated comorbid-
ities. However, despite the high fracture burden
in RA, limited research has been conducted on
the impact of RA medications on bone loss and
fracture risks®’. One of the most commonly
used drugs in RA patients to suppress inflam-
mation and inhibit bone erosions are steroids.
Contrastingly, steroids themselves can lead to
secondary osteoporosis and increased fracture
risk®. As expected, due to the widespread use
of these drugs, some systematic reviews®’ in
the recent past have focussed on the impact of
steroid use on bone density and fracture risk in
RA patients. Another group of drugs that have
been developed due to our increased under-
standing of the systemic inflammatory process
is biologic disease-modifying antirheumatic
drugs (bDMARDs). These agents are devel-
oped from living organisms or their products
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and include drugs,like tumor necrosis factor
(TNF) inhibitors (Adalimumab, Ertanacept,
and Infliximab), Janus kinase (JAK) inhibitors
(Baricitinib and Tofacitinib), etc!®. The efficacy
of these drugs is well established with a 2018
Cochrane review indicating that bDMARDs
significantly improve RA symptoms, function,
and remission rates in patients with prior treat-
ment failure with methotrexate or conventional
disease-modifying antirheumatic drugs (cD-
MARDs)'". Another area of research is the
efficacy of bDMARDSs on bone mineral density
in RA patients. A recent study'? has indicated
that bDMARDs have a protective effect on
bone loss as compared to cDMARDs. In this
context, it would be interesting to know if the
potent and specific anti-inflammatory action of
bDMARDs also translates into a reduction of
fracture risk in RA patients. To the best of our
knowledge, no study to date has attempted to
synthesize evidence on this subject. Therefore,
our systematic review aimed to assess the im-
pact of bDMARD use on the risk of fracture in
RA patients by conducting a pooled analysis of
adjusted outcomes from individual studies.

Materials and Methods

Inclusion Criteria

We followed the PRISMA statement (Preferred
Reporting Items for Systematic Reviews and Me-
ta-analyses) for the conduct of this review'. How-
ever, the protocol was not registered on any on-
line database. Inclusion criteria were as follows:
(I) All types of studies conducted on patients
with RA. (2) Studies were to assess the impact of
bDMARD use on fracture risk. (3) Studies were
to report multi-variable matched or adjusted re-
sults of any type of fracture risk with bDMARD
use vs. no use.

The following studies were excluded: (1) Stud-
ies reporting only crude outcome data. (2) Studies
not reporting separate data for bDMARDs. (4)
Studies published only as abstracts or unpub-
lished papers. (3) Review articles and non-En-
glish language studies. If two or more studies
were from the same data source, we included the
one with the longest study period provided it ful-
filled other criteria for inclusion.

Search Strateqgy
Two reviewers independently conducted the
electronic search. With the help of a librarian,

the databases of PubMed, Embase, and BioMed
Central were searched to identify relevant pub-
lications. All databases were screened from in-
ception to 20" January 2021. We used the combi-
nation of “rheumatoid arthritis” AND “fracture”
for the literature search in all databases. Further
keywords like “biological disease-modifying
anti-rheumatic drugs” or “DMARDs” or names
of specific bDMARDs were avoided as these
would just create a sub-set of the primary search.
Search results were deduplicated and then ana-
lyzed by the two reviewers independently. This
was done first by reading the titles and abstracts
and then by full-text analysis of relevant pub-
lications. All full-texts were reviewed based
on the inclusion and exclusion criteria and the
article satisfying all the criteria was finally se-
lected for this review. Any disagreements were
resolved by discussion. To avoid any missed
studies, the bibliography of included studies was
hand searched for any additional references.

Data Extraction and Risk of
Bias Assessment

We prepared a data extraction form at the be-
ginning of the review to extract relevant details
from the studies. Details of the first author, pub-
lication year, study type, location, sample size,
demographic details, users of bDMARDs, factors
adjusted for multivariable analysis, and outcome
data were extracted. The outcome of interest
was fracture risk in patients prescribed with bD-
MARD as compared to non-users. Secondarily,
we also aimed to assess the risk of specific types
of fractures like vertebral, non-vertebral frac-
tures with the use of bDMARD:s.

The quality of included studies was assessed
using the Newcastle-Ottawa scale'*. Studies were
awarded points for selection of study population,
comparability, and outcomes. The maximum
score which can be awarded is nine.

Statistical Analysis

All meta-analyses were performed using
“Review Manager” (RevMan, version 5.3; Nor-
dic Cochrane Centre [Cochrane Collaboration],
Copenhagen, Denmark; 2014). We extracted
multivariable-adjusted odds ratios (OR) or
matched estimates of the outcomes along with
the standard errors. Log transformed ratios
were then pooled using the generic inverse
function of the meta-analysis software. A ran-
dom-effects model was preferred for the me-
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ta-analysis. Sub-group analysis was performed
based on the type of bDMARD used. Separate
analysis for different types of fractures was
performed only if at least three studies report-
ed similar data.

The 1% statistic was used to assess inter-study
heterogeneity. Heterogeneity was classified as
low with I? values of 25-50%, medium with val-
ues of 50-75% while 1> value of more than 75%
represented substantial heterogeneity. As less
than 10 studies were included per meta-anal-
ysis, funnel plots were not used to assess pub-
lication bias. We also conducted a sensitivity
analysis to assess the influence of each study
on the overall effect size. Data of every study
was sequentially excluded to recalculate the
effect size and the results were presented in a
tabular format.

Results

A total of 7916 articles were found following
a literature search of the three databases (Figure
1). After electronically deduplicating the search
results, 3112 unique records were available for
further analysis. 3064 articles were excluded fol-
lowing the screening of their titles and abstracts.
Of the 48 articles selected for full-text review,
37 were excluded with reasons. Finally, nine ar-
ticles'>> were included in this systematic review
and meta-analysis.

Characteristics of included studies are present-
ed in detail in Table I. The included studies were
published between 2012 to 2019. Four studies
were conducted in North America, three in Asia,
and two in Europe. The majority were retrospec-
tive cohort studies. The smallest sample size was

5 Records identified through database searching:
"é PubMed (n=2710); Embase (n= 3542); BioMed Central (n=1664)
£ (Total=7916)
f=
i’
Records after duplicates
removed
(n=3112)
Records excluded after evaluation of
.g title/abstract due to non-relevance
g (n=3064)
b
Full text articles excluded as
they did not meet inclusion
v criteria
Full text articles screened e Not including data on
for eligibility bDMARD (n=30)
(n=48) e Not reporting adjusted
effect size (n=6)
e Overlapping data (n=1)
F
3
=
w
A 4
Studies included in
systematic review
(n=9)
3 Studies included in meta-
3 analysis
2 (n=9)
Figure 1. Study flow-chart.
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Table I. Details of included studies.

Male Use of Fracture
Study Study Sample Age gender | bDMARDs type NOS
Study location type size (years) (%) (%) studied Cofounding factors adjusted score
Ozen USA Prospective 11412 | 61.4+10.8 20.1 51.2 All fractures, Age, sex, ethnicity, RA duration, education level, insurance, 6
2019% cohort vertebral fracture, rural residency, smoking, influenza vaccination, comorbidity
non-vertebral index, BMI, Health Assessment Questionnaire, pain and patient
fracture global scores, prior osteoporosis diagnosis, use of osteoporosis
specific medications, exercise, mental component score of Short
form-36, prior sDMARD and bDMARD counts,
hospitalisation and calendar year
Hong Taiwan Retrospective 1267 60.3 + 10 36.9 3.7 Vertebral fracture Gender, age, heart failure, hypertension, diabetes mellitus, 6
2019% cohort vascular disease, hyperlipidemia, valvular heart disease, chronic
obstructive pulmonary disease, and chronic kidney disease
Clynes UK Cross 3849 | 57 [50-63]* 0 24 All fractures Age, ethnicity, BMI, smoker status, and physical activity 4
2019% sectional
Kim Korea Retrospective | 138240 | 54.2+13.3 21.6 2.6 All fractures Age, sex, payer type, type of institution, physician specialty, 7
2018" cohort comorbidities (including hyperparathyroidism, hyperthyroidism,
end stage renal disease, chronic pulmonary disease, and
inflammatory bowel disease), oral steroid use, and medications
related to rheumatoid arthritis and osteoporosis.
Jin2017% | China Retrospective 13210 | 529+13.1 294 8.3 All fractures Age, sex, disease duration, anti-citrullinated protein antibody, 7
cohort disease activity score 28, steroid use, methotrexate use
Acurcio Canada Case-control 9769 76.2+10.5 16.3 12.5 Non-vertebral Charlson index, osteoporosis, hospitalization, number medical 7
2015" fracture visits and use of acetylsalicylic acid, antidepressants and
hormone replacement therapy
Kawai USA Retrospective 1840 58 [48-69] 13.8 50 All fractures, Demographic factors, comorbidities, surrogate markers of 7
20137 cohort vertebral fracture, | disease severity, previous fractures, diagnosis of osteoporosis,
hip fracture use of oral glucocorticoids, nonsteroidal anti-inflammatory
drugs, narcotics, sedative hypnotics, muscle relaxants,
antidepressants, antipsychotic agents, and use of drugs that affect
bone metabolism [e.g., bisphosphonates, estrogens, thiazides]
Kim Canada Retrospective 13434 53.8+NR 247 43.6 All fracture; Age, sex, baseline steroid use, diagnosis of osteoporosis, 7
20121 and cohort Hip, Humerus, Alzheimer’s dementia, Parkinson disease, prior fall, prior
USA Pelvis, fracture, use of osteoporosisdrugs, anticonvulsants,
Wrist fracture benzodiazepines, opioids,selective serotonin reuptake
inhibitors, and proton pump inhibitors, and Charlson Score.
Avouac France Cross 139 61 £11 NR 40 All fractures Age, osteoporosis, Vitamin D deficiency, Calcium 4
20125 sectional supplementation

bDMARD, biological disease modifying antirheumatic drug; csDMARD, conventional synthetic disease modifying antirheumatic drug; BMI, body mass index; NOS, Newcastle-Ottawa
scale. *Median [Interquartile range].
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Test for overall effect: Z = 0.75 (P = 0.45)

Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% ClI Year IV, Random, 95% CI
Avouac 2012 -1.0788 0.5314 2.7% 0.34 [0.12, 0.96] 2012 S B
Kim 2012 0.1655 0.3451 5.5% 1.18 [0.60, 2.32] 2012 S
Kawai 2013 0.157 0.1282 16.6% 1.17 [0.91, 1.50] 2013 il
Acurcio 2015 0.1823 0.1139 17.8% 1.20 [0.96, 1.50] 2015 Wl
Jin 2017 0.5822 0.2213 10.1% 1.79 [1.16, 2.76] 2017 —_
Kim 2018 0.0953 0.0695 21.4% 1.10[0.96, 1.26] 2018 o
Clynes 2019 0.174 0.7568 1.4% 1.19 [0.27, 5.25] 2019 —
Hong 2019 -0.3147 0.3899 4.5% 0.73 [0.34, 1.57] 2019 S
Ozen 2019 -0.1863 0.0869 20.1% 0.83 [0.70, 0.98] 2019 -
Total (95% CI) 100.0% 1.07 [0.89, 1.28] ?

Heterogeneity: Tau? = 0.03; Chi? = 21.17, df = 8§ (P = 0.007); I* = 62%

0.01 0.1 1 10 100
Favours [bDMARD] Favours [Control]

Figure 2. Meta-analysis of fracture risk in bDMARDS users vs. non-users.

139 patients while the largest sample size was
138,240 patients. There was a wide variation in
the percentage of bDMARD users in the included
studies ranging from 2.4% to 51.2%. Similar vari-
ation was noted for the factors adjusted for the
multivariable analysis as well. While the majority
of studies did not mention the type of bDMARD
used, three studies conducted their analysis only
on TNF inhibitors'”"**". The Newcastle-Ottawa
scale score for the included studies ranged from
four to seven.

On meta-analysis of data from all nine studies
including all fracture types, we found no statisti-
cally significant difference in the risk of fractures
in RA patients using bDMARDs vs. non-users
(OR 1.07 95% CI 0.89, 1.28 I’=62% p=0.45)
(Figure 2). On sensitivity analysis, we found no
change in the significance of the effect size on
the sequential exclusion of every included study
(Table II). Since some studies included only TNF
inhibitors, a sub-group analysis was conducted
to pool them separately. However, we found no
statistically significant difference in fracture risk

Table II. Sensitivity analysis for the primary outcome.

in studies only on TNF inhibitors (OR 0.96 95%
CI 0.75, 1.23 1=46% p=0.77), as well as those
including any bDMARDs (OR 1.17 95% CI 0.91,
1.51 1=59% p=0.22) (Figure 3). Three studies
reported the risk of vertebral fractures with bD-
MARDs. Pooled analysis indicated statistically
significant reduction in vertebral fractures in
bDMARD users vs. non-users (OR 0.71 95% CI
0.57, 1.28 1>=0% p=0.002) (Figure 4).

Discussion

Fractures due to osteoporosis are the third
most common cause of death in RA patients fol-
lowing pulmonary and cardiac diseases, and the
second most common cause of disability follow-
ing depression®*. The high fracture burden in RA
patients as compared to the general population
has been identified in studies dating back to the
1980s%. However, despite advances in the thera-
peutic management of RA over several decades,
the increased fracture risk persists in this cohort

Study excluded

Resultant effect size

Ozen 2019
Hong 2019*
Clynes 2019%
Kim 2018"
Jin 20173
Acurcio 2015"
Kawai 2013"
Kim 2012
Avouac 2012

OR 1.1595% C1 0.98, 1.36 I* = 37% p = 0.09
OR 1.09 95% C10.91, 1.31 I = 65% p = 0.36
OR 1.07 95% CI1 0.89, 1.29 > = 67% p = 0.48
OR 1.06 95% CI 0.83, 1.35 1> = 66% p =0.65

OR 1.02 95% CT1 0.86, 1.20 I> = 54% p= 0.83

OR 1.04 95% C1 0.84, 1.29 I* = 64% p = 0.69
OR 1.05 95% CI 0.85, 1.30 I* = 66% p = 0.64
OR 1.06 95% CT1 0.88, 1.29 I = 67% p = 0.52
OR 1.10 95% C1 0.93, 1.30 I* = 58% p = 0.26

OR, Odds ratio; CI, confidence interval.
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Heterogeneity: Tau? = 0.03; Chi’ = 5.52, df = 3 (P = 0.14); I’ = 46%
Test for overall effect: Z = 0.29 (P = 0.77)

1.4.2 All biologics

Heterogeneity: Tau? = 0.04; Chi? = 9.80, df = 4 (P = 0.04); I> = 59%
Test for overall effect: Z = 1.22 (P = 0.22)

0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% ClI Year IV, Random, 95% CI
1.4.1 Anti-TNF
Kim 2012 0.1655 0.3451 10.9% 1.18 [0.60, 2.32] 2012 —
Kawai 2013 0.157 0.1282 37.2% 1.17 [0.91, 1.50] 2013 =
Hong 2019 -0.3147 0.3899 8.9% 0.73 [0.34, 1.57] 2019 —_—
Ozen 2019 -0.1985 0.1031 43.0% 0.82 [0.67, 1.00] 2019 -
Subtotal (95% CI) 100.0%  0.96 [0.75, 1.23] <&

Avouac 2012 -1.0788 0.5314 5.3% 0.34 [0.12, 0.96] 2012 SIS

Acurcio 2015 0.1823 0.1139 33.1% 1.20 [0.96, 1.50] 2015 el

Jin 2017 0.5822 0.2213 19.5% 1.79 [1.16, 2.76] 2017 e
Kim 2018 0.0953 0.0695 39.3% 1.10 [0.96, 1.26] 2018 F
Clynes 2019 0.174 0.7568 2.8% 1.19[0.27, 5.25] 2019

Subtotal (95% CI) 100.0% 1.17 [0.91, 1.51] b
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+
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Figure 3. Meta-analysis of fracture risk in bDMARDS users vs. non-users based on the type of bDMARDS used.

of patients even in recent times?. Therefore, it is
important to recognize modifiable risk factors for
fractures in RA and importantly identify medi-
cations that can increase or decrease the risk of
these fractures for better patient management.
The increased incidence of osteoporosis and
fractures in RA is not only attributable to conven-
tional risk factors, such as older age, female gen-
der, and lower body mass index, but also several
R A-related factors like extended use of steroids,
disease activity, and inflammation®*?’. Indeed,
the role of proinflammatory cytokines, including
TNF-q, interleukin-1, and interleukin-6 (IL-6)
has been identified in bone loss associated with
RAZ. These cytokines are known to increase
bone resorption by encouraging osteoclastic dif-
ferentiation and increasing osteoclast activation®.
Furthermore, these cytokines themselves may
inhibit bone formation leading to an increased
risk of osteoporosis®*. Ding et al** have also
demonstrated that circulating levels of inflam-

matory markers, like C-reactive protein, IL-6,
and TNF- o are associated with bone loss and
resorption in humans. Thus, as bone loss in RA is
closely associated with inflammation, in theory,
therapy with targeted anti-inflammatory agents
like b(DMARDs should augment bone health and
reduce the risk of fractures in RA.

Our meta-analysis of nine studies using adjust-
ed outcomes, however, failed to demonstrate any
beneficial effect of bDMARDs on fracture risk in
RA patients. The results were stable on sensitiv-
ity analysis and none of the included studies was
found to have an undue influence on the effect
size. Furthermore, on a detailed analysis of the
forest plot, one can note that the majority of the
included studies found no statistically significant
difference in fracture risk between bDMARD us-
ers vs. non-users. We attempted to explore the in-
ter-study heterogeneity by conducting a subgroup
analysis based on the type of bDMARD. Due to
the limited number of studies available, we could

Test for overall effect: Z = 3.06 (P = 0.002)

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Kawai 2013 -0.3425 0.2559 18.9% 0.71[0.43, 1.17] 2013 —
Hong 2019 -0.3147 0.3899 8.1% 0.73 [0.34, 1.57] 2019 —rie
Ozen 2019 -0.3425 0.1303 72.9% 0.71[0.55, 0.92] 2019 =
Total (95% CI) 100.0%  0.71[0.57, 0.89] L3

Fragn 2 A 2 - - 12 = I y i {
Heterogeneity: Tau® = 0.00; Chi 0.00, df = 2 (P = 1.00); | 0% .01 10 100

0.1
Favours [bDMARD] Favours [Control]

Figure 4. Meta-analysis of vertebral fracture risk in bDMARDS users vs. non-users.
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separate the studies into only two groups: TNF
inhibitors and all biologics. Results of this sub-
group analysis also indicated no difference in the
risk of fracture between the two groups.

Our results are in contradiction with studies®*!
reporting the beneficial effects of bDMARDs
on bone health using bone turnover markers.
Several studies®*?*? with a limited sample size
have indicated that treatment with bDMARDs
improves bone mineral density in RA patients.
Zerbini et al® in a recent detailed review of
28 studies have reported that treatment with
bDMARDs, like TNF inhibitors, 1L-6 blocking
agents, rituximab, and abatacept is associated
with a reduction in bone loss. However, the ef-
ficacy of bDMARDs in reducing bone loss in
RA is not unambiguous. While the beneficial
effect of bDMARDSs is mostly demonstrated in
retrospective cohort studies, evidence from ran-
domized controlled trials (RCTs) suggests other-
wise. Siu et al** in a meta-analysis of five RCTs
comparing TNF inhibitors with non-bDMARDs
reported significantly reduced hand bone loss
but no improvement in the spine or hip bone
mineral density with bDMARD:s. It is postulated
that the anti-inflammatory effect of antirheumatic
drugs is centered around active joints where they
improve periarticular osteopenia, and this may
explain the lack of improvement in bone health at
the hip or spine*. Our results could therefore be a
corollary to this theory. A second explanation for
the non-significant results could be related to the
prescription pattern of bDMARDs in RA. Guide-
lines formulated by the European League Against
Rheumatism (EULAR) recommend methotrexate
and glucocorticoids as the first line of treatment
in RA with bDMARD:s to be used only if prima-
ry therapy fails®*. In some countries bDMARDs
are not covered in the health insurance policies
and, due to their high costs, they are prescribed to
patients only with higher disease activity, severe
joint damage, and poor responses to conventional
therapy*. Thus, patients on bDMARDs could
have a higher baseline fracture risk owing to
the increased disease severity which may have
nullified the stronger anti-inflammatory action of
bDMARD:s.

Our meta-analysis demonstrated a significantly
reduced risk of vertebral fractures in bDMARD
users vs. non-users. However, this result should
be interpreted with caution as only three studies
were available for this analysis. Furthermore, the
results were highly influenced by the single study
of Ozen et al** which demonstrated a significant-
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ly reduced risk of vertebral fractures with TNF
inhibitors but not with other bDMARDs. The
remaining two studies of Hong et al*' and Kawai
et al” did not find any significant difference in
vertebral fractures between bDMARD users vs
non-users. Owing to the non-significant results of
our primary outcome, we believe further studies
are necessary to derive stronger conclusions on
the effect of bDMARDs on the risk of vertebral
fractures.

Limitations

Our review has several limitations. Firstly, as
none of the studies were RCTs there would have
been evident selection bias in the prescription
of bDMARDs. Despite using only adjusted out-
comes for our analysis the effect of residual con-
founding due to other unmeasured risk factors
cannot be completely negated. Furthermore, there
was wide variation in the included studies in the
variables adjusted for the analysis. A few of the
included studies missed important confounders,
like steroid use which is a known risk factor of
osteoporosis and fractures in RA. Secondly, the
studies also differed in the sample size and the
percentage of bDMARD users. In three stud-
ies"2!, the use of bDMARDs was less than 5%.
Such low numbers would have reduced the power
to detect significant associations in these studies.
While the majority of studies reported the risk of
all fractures, two studies reported the risk of only
vertebral?’ on non-vertebral fractures'. Thirdly,
the incidence of fractures was extracted from
medical records in the majority of studies. Inade-
quate radiographic screening for fractures could
have underestimated fracture risk. Lastly, the
specific type and duration of bDMARD use were
not described in the included studies. Therefore,
it is currently not known if there are inter-drug
variations amongst bDMARDs for fracture risk
and if the duration of treatment influences out-
comes.

Despite these limitations, our study has some
novelties. While optimal evidence on the impact
of bDMARDs on fracture risk in RA can only
be obtained by rigorously conducted RCTs, con-
ducting such a trial is difficult due to ethical and
funding issues, need for long-term follow-up,
and comparing several bDMARDs, to study an
uncommon outcome like the risk of fracture.
In this context, our study is the first to present
the best available evidence in the literature to
date. A detailed literature search was conducted
using broad keywords to include the maximum
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available studies. We pooled data of only adjust-
ed outcomes to avoid confounding as much as
possible. Appropriate sensitivity and sub-group
analysis were conducted to assess inter-study
heterogeneity.

Conclusions

To sum up, within the ambit of several limita-
tions of our review, there seems to be no impact
of bDMARDs on fracture risk in RA patients.
Further studies evaluating the type and duration
of bDMARD therapy with meticulous adjustment
of confounding factors are required to strengthen
current evidence. However, the best evidence can
be obtained only from RCTs.
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