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Qrsemr

Background: There are limited studies comparing the risk of osteoporosis and fractures
between different direct oral anticoagulants (DOACs) and vitamin K antagonists (VKA) in
non-valvular atrial fibrillation (AF). Using a network meta-analysis (NMA), we compared
osteoporotic fractures among 5 different treatment arms, viz. dabigatran, rivaroxaban,
apixaban, edoxaban, and VKA. Methods: Ten studies, including 5 randomized control
trials and 5 population-based studies, with a total of 321,844 patients (148,751 and
173,093 in the VKA and DOAC group, respectively) with a median follow-up of 2 years,
were included. A Bayesian random-effects NMA model comparing fractures among the
treatment arms was performed using Metlnsight V3. Sensitivity analysis excluded stud-
ies with the highest residual deviances from the NMA model. Results: The mean age of
the patients was 70 years. The meta-analysis favored DOACs over VKA with significantly
lower osteoporotic fracture (odds ratio [OR], 0.77; 95% credible interval [Crl], 0.70-0.86).
The NMA demonstrated that fractures were significantly lower with apixaban compared
with dabigatran (OR, 0.64; 95% Crl, 0.44-0.95); however, fractures were statistically simi-
lar between apixaban and rivaroxaban (OR, 0.84; 95% Crl, 0.58-1.24) and dabigatran and
rivaroxaban (OR, 1.32; 95% Crl, 0.90-1.87). Based on the Bayesian model of NMA, the
probability of osteoporotic fracture was highest with VKA and lowest with apixaban, fol-
lowed by rivaroxaban, edoxaban, and dabigatran. Conclusions: The decision to pre-
scribe anticoagulants in elderly patients with AF should be made not only based on
thrombotic and bleeding risks but also on the risk of osteoporotic fracture; these factors
should be considered and incorporated in contemporary cardiology practice.
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INTRODUCTION

Oral vitamin K antagonists (VKAs) have been traditional-
ly used for the management and prophylaxis of venous
thromboembolism (VTE) and in mitigating the risk of stroke
in atrial fibrillation (AF).[1] In recent years, newer non-vita-
min K-dependent anticoagulants, termed direct oral anti-
coagulants (DOAC) by the International Society on Throm-
bosis and Haemostasis, viz. Dabigatran, Rivaroxaban, Apix-
aban, Edoxaban are non-inferior to VKAs in treating VTE
and stroke prevention in non-valvular AF with lower bleed-
ing events.[2,3] These have the advantage of reliable anti-
coagulation, without the need for monitoring and minor
drug/food interactions.[4]

VKAs inhibit carboxylation of osteocalcin (a principle
non-collagenous protein in bone formation), decreasing
bone mineral quality.[5-8] But there has been conflicting
evidence on fracture risk in VKA users.[3,9-12] A recent re-
view has suggested that DOACs might have a neutral ef-
fect on bone metabolism and fracture risk.[3] There have
been some head-to-head comparisons of VKA and DOACs
in terms of efficacy and safety, which have data on osteo-
porosis and fracture risk.[13-23] We have conducted a net-
work analysis to compare the risk of osteoporotic fracture
in nonvalvular AF (NVAF) patients taking oral anticoagu-
lants (OAG; viz VKA, Dabigatran, Rivaroxaban, Apixaban, and
Edoxaban).

METHODS

The meta-analysis consisted of NVAF patients taking an-
ticoagulants and compared NOACs to VKA in regards to os-
teoporotic fracture. The network meta-analysis (NMA) was
aimed to conduct direct and indirect comparisons of os-
teoporotic fractures among various anticoagulants (viz
VKA, Dabigatran, Rivaroxaban, Apixaban, and Edoxaban).
The NMA has been described by the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
guideline.[24]

1. Search strategy

A systematic review was performed to search the exist-
ing literature published in the English language as of April
2020. Three physician-reviewers (DK, AM, SD) queried OVID
Medline, EMBASE, and SCOPUS databases for published lit-
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erature; search terms were “atrial fibrillation”, “novel oral
anticoagulants’, “direct oral anticoagulants’, “dabigatran’,

"o, "o "o

“rivaroxaban’, “apixaban’, “edoxaban’, “osteoporosis’, “VKA",

"o

“vitamin K antagonist”, “fracture”, “osteoporotic fracture’,
“hip fracture,”“bone fracture,”“vertebral fracture,”“wrist frac-
ture”, “bone mineral density” and combinations of these
keywords (Supplementary Appendix 1). Additional litera-
ture was sought by searching the references of eligible ar-
ticles. Any inter-reviewer discrepancies were resolved by a

fourth reviewer (DP).

2. Study selection
1) Inclusion criteria

For the qualitative synthesis of the NMA, we selected
only randomized controlled studies or population-based
studies that directly compared individual DOACs with VKA
in the AF patients and provided osteoporotic fracture as an
outcome.

2) Exclusion criteria

We excluded DOAC vs. VKA studies done in the context
of venous thromboprophylaxis, observational studies, stud-
ies lacking data on individual DOAC, and studies that only
described osteoporosis without depicting data on fractures.
Single-arm studies, case reports, case series, review arti-
cles, and abstracts presented in the conferences were also
excluded.

3. Critical appraisal

The randomized studies were appraised with Risk of Bias
2.0 Scale,[25] and the non-randomized population-based
or retrospective studies were appraised by the Newcastle
Ottawa scale.[26]

4, Data extraction

Baseline characteristics including individual DOACs, num-
ber of participants, study design, maximum follow-up du-
ration, age, sex, congestive heart failure, hypertension, age
=75 years, diabetes mellitus, stroke or TIA (CHADS,) score,
chronic kidney disease, steroid use, and diagnosed osteo-
porosis or taking drugs for the treatment of osteoporosis;
and fracture data were extracted from each of the selected
studies.
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5. Data analysis
1) Meta-analysis

Descriptive statistics are presented as means and stan-
dard deviations (SDs) for continuous variables and the num-
ber of cases or percentages for dichotomous and categori-
cal variables. Statistical analysis was performed in line with
recommendations from the Cochrane Collaboration using
R studio.[27] Osteoporotic fractures between DOACs and
VKA have been compared using the random-effects model
of DerSimonian and Laird. Heterogeneity was described as
I” statistics; publication bias was assessed by funnel plot;
covariate analysis was performed and depicted as a bub-
ble plot.

2) Network meta-analysis

Bayesian NMA comparing osteoporotic fractures among
the four DOAC (e.g., Dabigatran, Rivaroxaban, Apixaban,
and Edoxaban) and VKA was performed. Network plot, lea-
gue table, and rankogram were derived using MetInsight
V3.[28]

Forest plot comparing fractures between individual DO-
ACs to VKA were derived by Markov Chain Monte Carlo sim-
ulations.[29] The current version of MetInsight V3 uses the
default setting for the number of simulated iterations for
burn-in (5000) and the model results (20000). Dbar (poste-
rior mean of the deviance), PD (adequate number of pa-
rameters), and DIC (sum of Dbar and PD) was calculated.
Gelman-Rubin convergence was assessed for all the stud-
ies.[30] Estimates from Bayesian NMA were presented as
odds ratio (OR) with 95% credible interval (Crl), i.e., the val-
ue at 2.5% and 97.5% quantiles.[31] The ranking table was
derived, which showed the probability for each treatment
to be ranked as the most effective treatment. The ranko-
gram was based on the median ranking probabilities of
each treatment arm.[32] The median rank is the middle it-
eration rank when every simulated estimate of the class is
ordered.

3) Inconsistency, deviance, and sensitivity analysis
The direct, indirect, and network estimates and a Bayes-
ian P-value for the related test of inconsistency between
the direct and indirect evidence for each treatment com-
parison were derived. A residual deviance plot from the
NMA model and unrelated mean effect (UME) inconsistency
model for all studies was derived to assess the data points'fit-
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ness.[33] For both models, the larger the residual deviance,
the poorer the fit of that study arm data to the respective
model. Contribution for each study arm to the residual devi-
ance was also plotted and analyzed. Ideally, each issue should
contribute around one, with more significant values indicat-
ing poorer fit and higher residuals.[33] The contour plot si-
multaneously looked at residual deviance and leverage.[34]
Leverage values outside the contour of 3 are considered
poorly fitting. Sensitivity analysis was performed, excluding
the population-based multi-arm studies.[34]

RESULTS

The study design of the meta-analysis has been depicted
in Figure 1 PRISMA flow diagram. A total of ten studies met
the inclusion criteria (5 population-based studies and 5 ran-
domized controlled trials [RCT]),[13-17,19,21,23,35,36] all

Records identified through
database searching (MEDLINE,
EMBASE and SCOPUS)
(n=161)

l

Records after duplicates removed
(n=15)

¥

Records excluded
»| (Title 34, Abstracts 90)
(n=124)
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(n=146)

¥

Full-text articles assessed Full-text articles
for eligibility excluded, with reasons

(n=21) (n=11)

¥

¥

Studies included in
qualitative synthesis
(metanalysis)
(n=10)

Full-text articles excluded,
(no data on individual
DOAC) (n=1)

v

A J
Studies included in
quantitative synthesis
(Network meta-analysis)
(n=9)

Fig. 1. Preferred Reporting Items for Systematic Review and Meta-
Analysis flow diagram of patient selection. DOAC, direct oral antico-
agulant.
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of which were included in the qualitative analysis (meta- 1. Baseline parameters
analysis). Critical appraisal of the studies is depicted in Sup- Overall, patients studied in this meta-analysis had their
plementary Appendix 2, which suggests good quality of mean age above 70 years of age (Table 1). A cohort of Lut-
population-based studies (more than 5 stars in the New- sey et al. [21] was slightly younger than the other studies.
castle-Ottawa Scale) and RCTs (more than 5 points in RoB Patients with osteoporosis, or osteoporosis drugs were maxi-
2.0 scale). mum in the population cohort reported by Lutsey et al.
DOAC VKA
Study Fractures Total Fractures Total Odds Ratio OR 95%-Cl
Lau et al, 2020 205 13974 196 9541 —f— 0.71 [0.58; 0.86]
Binding 2019 606 25182 329 12168 = 0.89 [0.77;1.02]
Huang et al, 2020 1154 16110 1009 9707 — 067 [061;073]
Lutsey et al, 2020 3350 84650 3944 82625 0.82 [0.78;0.86]
Lau et al, 2017 34 3268 95 4884 — = 053 [0.36;0.79]
RELY, 2009 43 6059 34 5998 —— 125 [0.80;197]
ROCKET AF, 2011 81 7111 115 7125 i 070 [0.53;0.94]
J-ROCKET, 2012 10 639 10 639 1.00 [0.41;2.42]
ARISTOTLE, 2011 101 9088 136 9052 —a— 074 [0.57;0.95]
ENGAGE AF TIMI48,2013 201 7012 233 7012 : 0.86 [0.71;1.04]
Random effects model 173093 148751 <= 0.77 [0.70; 0.86]
Heterogeneity: 1% = 71%, t° = 0.0138, p < 0.001 o
05 1 2
Dabigatran VKA
Study Fractures Total Fractures Total OR  95%-Cl
Lau et al, 2020 95 6867 196 0541 067 [0.52;0.86]
Huang et al, 2020 535 5833 1000 9707 087 [0.78;097]
Lutsey et al, 2020 1771 31647 3944 82625 118 [112;1.25]
Lau etal, 2017 34 3268 95 4884 053 [0.36;079]
RELY, 2009 43 6059 34 5998 125 [0.80; 1.97)
Random effects model 53674 112755 0.87 [0.67;1.13] -
Heterogeneity: 12 = 92%, ©° = 0.0715, p = 0.28 9
05 1 2
Rivaroxaban VKA
Study Fractures Total Fractures Total Jdds Ratio OR 95%-Cl
Lau et al, 2020 57 3866 196 9541 0.71 [0.53;0.96]
Huang et al, 2020 530 8474 1009 9707 i 058 [0.52;064]
Lutsey et al, 2020 1160 35252 3944 82625 = 068 [0.64;073]
ROCKET AF, 2011 81 7111 115 7125  —=— 070 [0.53;094]
J-ROCKET, 2012 10 7131 10 7133 100 [042;240]
Random effects model 61834 116131 == 0.65 [0.58; 0.73]
Heterogeneity: 1 = 50%, t° = 0.0065, p <0.0001 ' ' O
05 1 2
Apixaban VKA
Study Fractures Total Fractures Total QOdds Ratio OR 95%-Cl
Lau et al, 2020 53 3241 196 9541 0.79 [0.58;1.08]
Huang et al, 2020 89 1803 1009 9707 —E=— 045 [0.35;0.56]
Lutsey et al, 2020 419 17751 3944 82625 048 [0.44;053]
ARISTOTLE, 2011 101 9088 136 9052 e 0.74 [0.57;095]
Random effects model 31883 110926 === 0.58 [0.45; 0.75]
Heterogeneity: I = 83%, ©° = 0.0549, p = 0.01 @
05 1 2
Edoxaban VKA
Study Fractures Total Fractures Total Odds Ratio OR 95%-CI
ENGAGE AF TIMI48, 2013 201 7012 233 7012 ——==—} 086 p71.104 @
p=012

Fig. 2. (A) Forest plot depicting the comparison of total fractures with vitamin K antagonists (VKA) and direct oral anticoagulant (DOAC) among
different studies in random effect and inverse variance method. Estimates were expressed in odds ratio (OR) with 95% confidence interval (CI).
Heterogeneity was expressed in |2 and tau?. P<0.05 was set as level of significance. Sub-group analysis showing comparison of fractures be-
tween individual (B) dabigatran and VKA, (C) rivaroxaban and VKA, (D) apixaban and VKA, (E) edoxaban and VKA. Binding et al. [35], 2019 was ex-
cluded from sub-group analysis as it did not report DOAC-specific fracture data.

https://doi.org/10.11005/jbm.2021.28.2.139 https://e-jbm.org/ 143



| Dibbendhu Khanra, et al.

[21]in 2019. Overall, patients on steroids were low among
the study cohorts. The baseline parameters, including age,
the proportion of female genders, chronic kidney diseases,
and osteoporosis patients and therapy for osteoporosis,
were similar between DOAC and VKA groups (Table 1).

1) DOC vs. VKA: Meta-analysis

The meta-analysis directly comparing osteoporotic frac-
tures between DOAC and VKA favored DOAC (OR [95% Cl],
0.77 (0.70-0.86); P<0.0001) than VKA (Fig. 2A). However,
the heterogeneity of the result was 71%, and that could
not be explained by publication bias (Supplementary Ap-
pendix 3), study design (Supplementary Appendix 4), or
follow-up duration (Supplementary Appendix 5). Subgroup
analysis with direct comparison of osteoporotic fractures

JBM

in individual DOACs with respect to VKA also revealed to
be significantly lower (Fig. 2B-E). Notably, heterogeneity
was maximum (92%) with Dabigatran and appears to be
contributed by the large population-based study by Lutsey
et al. [21], which reported significantly higher osteoporotic
fractures in Dabigatran in comparison to VKA (OR [95% Cl],
1.18 [1.12-1.25]). Also, RELY showed a higher trend of frac-
tures with Dabigatran (OR [95% Cl], 1.25 [0.80-1.97]), how-
ever, outside the realm of statistical significance.

2) Comparison among individual DOACs: NMA
(1) Data summary

A total of 321,844 patients were included in the meta-
analysis (148,751 in the VKA group; 173,093 in DOAC group)
with a median follow-up of 2 years. In contrast, 9 were in-

Apixaban
xR
Dabigatran — A
N = 4 Apixaban Dabigatran Rivaroxaban VKA
B Apixaban Apixaban 156(105226) 149(067 32) 119(081,1.74) 173(1.22,242)
9 Dabigatran 0.64 (0.44, 0.95)  Dabigatran 0.95(0.44,2.06) 0.76(0.53,1.12) 1.11(0.81, 1.53)
- 1 j/ Edoxaban 0.67 (0.31, 1.5) 1.05(0.49,2.27) Edoxaban 0.8 (0.37, 1.76) 1.17 (0.58, 2.37)
Edoxaban.. 3 Rivaroxaban 0.84 (0.58, 1.24) 1.32 (0.9, 1.87) 1.25 (0.57, 2.68) Rivaroxaban 1.46 (1.05, 2)
s . e VKA 0.58(0.41,0.82) 09(0.65 1.23) 0.86 (0.42,1.72) 0.68 (0.5, 0.96) VKA e
Rivaroxaban
©dds Ratio (95% Crl) :
Compared with VKA Rank Intervention
Apixaban —— 0578 (0.414,0.828)
Dabigatran —o— 0.902 (0.656,1.23) 1 Apixaban
Edoxaban ——o1+———  0.860(0424,1.77)
Rivaroxaban L — 0.683 (0.501, 0.950) 0
04 2
2 Rivaroxaban
Rank 1 Rank 2 Rank 3 Rank4 Rank3 3 Edoxaban
Apixaban 072813 021776 004723 0.00570 0.001
Dabigatran 0.00549 0.04320 036552  0.40640 0179
Edoxaban 0.12945 0.14269 027294 016145 0.293
Rivaroxaban 0.13673 0.5%247 023215 0.03222 0.006
VA 0.00021 0.00387  0.08216 0.39422 0.518 0 G

Fig. 3. Network meta-analysis comparing fracture events among 5 treatment arms. (A) Network plot where each node on the plot represents an
individual intervention (dabigatran, rivaroxaban, apixaban, edoxaban, and vitamin K antagonists [VKA]) with connecting lines between nodes indi-
cating number of trials making each comparison. (B) League table showing Bayesian comparison of all treatment pairs: the table displays the re-
sults for all treatment pairs in both the upper triangle and lower triangle, but with the comparison switched over. For both above and below the
leading diagonal, the results are for the treatment at the top of the same column vs. treatment at the left hand side of the same row. (C) Bayesian
random effect consistency model forest plot of the pooled effect estimates of fractures expressed in odds ratio and 95% credible interval (Crl) for
individual direct oral anticoagulants (DOACs) compared to VKA. (D) Ranking probability table for all studies showing probability for each treat-
ment at each rank expressed in percentage. (E) Rankogram showing median rank chart of intervention arms with all studies included in the net-
work meta-analysis model. For treatment rankings, smaller outcome values were set as desirable.
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cluded in the quantitative analysis (NMA) in which 297,480
subjects were included (136,583 in the VKA group; 147,911
in DOAC group). The study by Binding et al. [35] was ex-
cluded from the NMA due to lack of individual DOAC data
(Supplementary Appendix 6). The NMA compared 5 treat-
ment arms: Dabigatran, Rivaroxaban, Apixaban, Edoxaban,
and VKA. Notably, although there were 6 2-arm studies [13-
17,19] and 3 multi-arm studies,[21,23,36] data on Edoxa-
ban was present only in one RCT.[17] The network plot with
studies between each treatment arm is depicted in Figure
3A. Of note, only ENGAGE TIMI 48 [17] had fracture data of
Edoxaban and no population-based studies evaluated Edo-
xaban.

(2) Comparison of different treatment arms

The league-table derived by the Bayesian model com-
pared the 5 treatment arms is depicted in Figure 3B. Os-
teoporotic fractures were significantly lower with Apixa-
ban in comparison to Dabigatran (OR [95% Crl], 0.64 [0.44-
0.95]). Node-split model demonstrated significant incon-
sistency between the estimates from direct and indirect
comparison (P of 0.48). Osteoporotic fractures were statis-
tically similar between Apixaban and Rivaroxaban (OR
[95% Crl], 0.84 [0.58-1.24]); and Dabigatran and Rivaroxa-
ban (OR [95% Crl], 1.32 [0.90-1.87]). Node-split model did
not demonstrate any significant inconsistencies in these

Oral Anticoagulants and Osteoporotic Fracture |

comparisons (P of 0.76 and 0.52 respectively) (Supplemen-
tary Appendix 7).

(3) Forest plot

The forest plot (Fig. 3C) comparing individual DOACs to
VKA demonstrated that Apixaban (OR [95% Crl], 0.58 [0.41-
0.82]) and Rivaroxaban (OR [95% Crl], 0.68 [0.50-0.96]) were
associated with significantly lower fractures when com-
pared to VKA (Fig. 3C). Fractures associated with Dabiga-
tran (OR [95% Crl], 0.90 [0.65-1.23]) and Edoxaban (OR [95%
Crl], 0.86 [0.42-1.771]) were statistically similar in compari-
son to VKA. Study SD (95% Crl) in log-odds scale was 0.33
(0.18-0.58). Dbar, PD and DIC were 24.42, 22.13, 46.56, re-
spectively. Notably, a DIC of more than 5 supports our choice
of the Bayesian model for NMA. The Gelman-Rubin conver-
gence assessment plots for each treatment comparison
were found to be reaching stabilities around 1, which is
suggestive of a good fit of the Bayesian NMA model (Sup-
plementary Appendix 8).

(4) Ranking treatment arms

The highest probability of rankings (lower the better) in
regards to osteoporotic fractures was with Apixaban (90%),
Rivaroxaban (76%), Edoxaban (53%), VKA (67%), and Dabi-
gatran (74%) as rank 1, rank 2, rank 3, rank 4, and ranked 5
respectively (Fig. 3D). However, when orders of median
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Fig. 4. Deviance report: (A) residual deviance from primary network meta-analysis (NMA) model are plotted against the residual deviance from
the unrelated mean effect (UME) inconsistency model for each study arm separately in the analysis. For both models, the larger the residual devi-
ance, the poorer the fit of that study arm data to the respective model. The values of residual deviances for each trial arm from NMA and UME
model are mentioned in Supplementary Appendix 8; (B) plot derived from primary NMA model showing contribution for each study arm to the re-
sidual deviance; arms from the same study are ordered from left to right; (C) the contour plot looking at residual deviance and leverage (which is a
statistical measure of influence of a data point on model estimation) simultaneously.

https://doi.org/10.11005/jbm.2021.28.2.139 https://e-jbm.org/ 145



| Dibbendhu Khanra, et al.

ranking probabilities were plotted (rankogram), VKA and
Apixaban were found to have the highest and lowest me-
dian probability of osteoporotic fractures (Fig. 3E).

(5) Residual deviances

Residual deviances from NMA model and UME inconsis-
tency model for all the treatment arms were plotted (Fig.
4A). Of note, UMA model may not handle multi-arm trials
correctly. Lau et al. [19] and Lau et al. [23] were found to
have the highest residual deviances from NMA model (Sup-
plementary Appendix 9); however, the value of the devi-
ances was less than 2 (Fig. 4B) and the leverage values were
less than 3 (Fig. 4C) and thus suggest that the amplitude of
deviances from the NMA model were not great.

(6) Sensitivity analyses

Sensitivity analysis was performed excluding Lau et al.
[19] and Lau et al. [23], which resulted in similar results
with Apixaban causing the least osteoporotic fractures
overall, however, estimate comparing fractures between
Dabigatran and VKA rose to OR (95% Crl), 1.12 (0.85-1.52),
The node-split model demonstrated significant inconsis-
tency (P=0.47) between direct and indirect comparisons
of estimates of comparing fractures between Apixaban
and Rivaroxaban. This also resulted in the change in ranko-
gram with Dabigatran being the highest one associated to
fractures, even more than VKA (Supplementary Appendix
10).

(7) Sub-group analysis

Looking at the above-mentioned studies, both of them
were population-based ones, and thus, a subgroup analy-
sis was conducted with a focus to determine any differ-
ence in results when population-based studies and RCTs
were analysed separately. With 5 RCTs [13-17] totalling
72,721 patients, Apixaban and Rivaroxaban ranked jointly
associated with the lowest fractures and Dabigatran as the
highest (Supplementary Appendix 11). Whereas, with only
four population-based studies [21,23,35,36] totalling 224,759
patients the outcome remained similar to the overall NMA
results (Supplementary Appendix 11). This proves that the
NMA model which was used to derive the ranks of treat-
ments in regard to fractures were driven by the population
studies which were larger and multi-arm. However, frac-
ture data were taken retrospectively in those population
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based studies and patient profile and their concurrent med-
ications can affect the result. Of note, no population study
evaluated Edoxaban, and thus the estimates for Edoxaban
solely relied on the ENGAGE TIMI 48.[17]

DISCUSSION

This is the most extensive study, based on sample size,
comparing the osteoporotic fractures amongst different
types of anticoagulants, and it is the first NMA to compare
5 other treatment arms in patients requiring OACs for NVAF.
Our results suggest that osteoporotic fractures are lower
with DOACs than VKA. Apixaban is associated with the least
fracture risk in comparison to other DOACs in the NMA.

DOACs can lead to lesser osteoporosis than VKA due to
several postulated reasons. Vitamin K is known co-factor
y-carboxylase, which is essential for y-carboxylation of os-
teocalcin, without which it cannot bind to mineral hydroxy-
apatite and lacks structural integrity. VKA affects the min-
eralization of the bone and thus predisposes to osteoporo-
sis and fractures, whereas DOACs do not interfere with vi-
tamin K-dependent metabolism. Fusaro et al. [37] found in
an in-vivo study that rats receiving Dabigatran had increased
bone volume, lesser bone turnover, and reduced trabecu-
lar separation.[38] Rivaroxaban may positively affect the
healing of fracture as demonstrated by large callus forma-
tion and increased bone mineral density in a femur frac-
ture rat model.[38] Edoxaban showed no impact on osteo-
calcin in rats even at a high dose of 54 mg/kg.[38] These
data support the protective effect of DOACs on bone health;
however, the exact role of DOACs in bone mineral metabo-
lism is still unclear.[38] Warfarin treatment was accompa-
nied by a restriction of Vitamin K-rich foods like green leafy
vegetables to achieve optimum anticoagulation. Vitamin K
is essential for many stages of bone metabolism. Thus, poor
vitamin K status results in high fracture risk due to low bone
mass.[38]

1.DOAC vs. VKA

Our results are similar to the multi-methodological data
mining analysis from real-world data analysis from the US
Food and Drug Administration Event Reporting System
and Japanese administration claims database, which re-
vealed that warfarin use, not DOAGs, is significantly associ-
ated with osteoporosis or use of bisphosphonate regard-
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less of sex difference.[22] In our meta-analysis, the age, the
proportion of female gender, chronic kidney disease, and
osteoporosis were similar between the DOAC and VKA
groups. Signorelli et al. [3] compared the effect of heparin,
VKA, and DOACs in bone metabolism. They found that un-
fractionated heparin and VKA have the maximum impact,
whereas DOACs were found to neutral in this regard. The
patients on unfractionated heparin had the highest frac-
ture incidence, but DOACs had no increased fracture risk.
[39,40]

In another meta-analysis comparing osteoporotic frac-
tures between VKA and DOAC, it was found that DOAC
was associated with lower osteoporotic fractures than VKA
in NVAF patients but not for VTE prophylaxis.[38] However,
our meta-analysis results are more robust as the sample
size was more significant (89,549 vs. 321,844) and com-
prised of extensive population-based studies.[38] The stud-
ies included in our meta-analysis had long follow-up dura-
tions, with a median of 2 years, except the J-ROCKET re-
search, which only reported short-term outcomes (30 days).
[16] In subgroup analysis, we showed that the relationship
of DOAC vs. VKA in osteoporosis remains the same irrespec-
tive of the study’s follow-up duration and design (Random-
ized vs. population-based study). Our meta-analysis dem-
onstrated no difference among the VKA and DOAC cohorts
in terms of age, gender, chronic kidney disease, steroids,
and osteoporosis. Thus, the comparison of fractures is not
affected by any of these variables.

2. Comparison among individual DOACs
Previous studies comparing osteoporotic fracture risk
amongst DOACs have yielded mixed results. In the most
extensive population-based study by Lutsey et al. [21], head-
to-head DOAC comparisons yielded no statistically signifi-
cant fracture risk differences. However, findings suggested
that Apixaban was the most advantageous. The study by
Lau et al. [23] did not show any statistically significant dif-
ference in risk of osteoporotic fractures in a head-to-head
comparison of the DOAGs. In contrast, Huang et al. [36], re-
ported that Rivaroxaban and Apixaban were associated with
the lowest fracture risk compared to warfarin. Similarly,
another study on the risk of osteoporosis found that com-
pared to Dabigatran, both Rivaroxaban and Apixaban were
associated with a lower risk of osteoporosis.[41] There was
no significant difference in osteoporosis risk when com-
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paring Apixaban and Rivaroxaban. Moreover, the associa-
tion between DOAC use and a lower incidence of osteopo-
rosis seemed stronger in those with a more extended treat-
ment duration (more than 180 days).

In our NMA, Apixaban was found to have lower fracture
risk by 42% than VKA and 36% compared to Dabigatran. In
comparison with VKA, Rivaroxaban showed a 32% lower
fracture risk. The propensity of fracture was ranked as (low-
est to highest) Apixaban, Rivaroxaban, Edoxaban, Dabiga-
tran, and VKA. This is a novel finding in our study and is test-
ed as consistent indirect and indirect comparisons.

3. Limitations

Our analysis had few shortcomings, including a lack of
individual patient data, which restrained us from doing a
network meta-regression of the baseline parameters, in-
cluding existing osteoporosis or bisphosphonate use. Our
analysis was focused on the use of oral anticoagulants in
patients with NVAF, so it cannot be directly extrapolated to
use in other disease processes (e.g., VTE prophylaxis) where
oral anticoagulants are also used. We could not compare
site-specific (e.g., hip fracture vs. vertebral fracture, unlike
hip fractures, most vertebral fractures occur without falls)
or dose-specific (e.g., standard dose vs. lower dose DOAC)
fracture data. Studies on Edoxaban for osteoporosis and
fracture may be under-represented in our NMA.

CONCLUSIONS

DOACs are associated with a lower risk of osteoporotic
fracture than VKA among patients with NVAF. This is the
first of its kind NMA comparing individual DOACs amongst
themselves and VKA. It suggests that Apixaban is associat-
ed with the lowest odds of osteoporotic fracture risk amongst
all the currently available DOACs, whereas Dabigatran was
associated with the highest odds of fractures. Future stud-
ies are needed to understand some of the DOAC's protec-
tive mechanisms against fractures at the cellular levels. The
decision for the prescription of anticoagulants in elderly
patients with AF should be made not only on the basis of
thrombotic and bleeding risks but also the risks of osteo-
porotic fracture should be considered and incorporated in
the contemporary cardiology practice.
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Supplementary Appendix 1. Search strategy

Database Search query
Ovid MEDLINE
#1 exp Osteoporosis
#2 exp Fractures, Bone
#3 Bone Density
#4 (osteopor™ or fracture® or (bone adj2 density)). ab kf,ti
#5 or/#1-#4
#6 Atrial Fibrillation
#1 exp Anticoagulants
#3 (warfarin or coumadin or acenocoumarol or Rivaroxaban or edoxaban or Apixaban or dabigatran or anticoagula® or anti-coagu-
la*).ab,kw,nm,ti.
#9 or/#9-#10
#10 (oral* or DOAC).ab,kw,ti.
#11 #5and #8 and #11 and #12
EMBASE
#1 exp osteoporosis
#2 exp fracture
#3 exp bone density
#4 (osteopor® or fracture* or (bone adj2 density)).ab,kw;ti.
#95 or/#1-#4
#6 exp atrial fibrillation
#7 (fibril* or AFib or AF).ab,kw,ti.
#3 or/#6-#1
#9 exp anticoagulant agent
#10 (warfarin or coumadin or acenocoumarol or Rivaroxaban or edoxaban or Apixaban or dabigatran or anticoagula® or anti-coagu-
la*).ab,du,kw,ti,tn.
#11 or/#9-#10
#12 (oral* or DOAC).ab,kw,ti.
#13 #5and #8 and #11 and #12
SCOPUS ( TITLE-ABS-KEY ( osteopor* OR fracture™ OR ( bone W/2 density ) ) AND TITLE-ABS-KEY ( fibril* OR afib OR af ) AND TITLE-

ABS-KEY ( warfarin OR coumadin OR acenocoumarol OR rivaroxaban OR edoxaban OR apixaban OR dabigatran OR antico-
agula® OR anti-coagula® ) AND TITLE-ABS-KEY ( oral* OR doac ) ) 144
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Supplementary Appendix 2. Critical appraisal of the studies

Observational studies (New Castle Ottawa scale) Randomized controlled trials (Risk of Bias 2.0 scale)
Lovetal. o0 8 etal [, ol . Y%L ot i, Pl et R o)
2019 2020 2020 2009 2011 2013
Risk of Bias 2.0 scale
Random sequence generation + n + + +
Allocation concealment 4 + ¥ n +
Blinding of participants and - + + + +
personnel
Blinding of outcome assessment + + + + +
Incomplete outcome data + + + + +
Selective reporting + n + + +
Other bias + + + + +
New Castle Ottawa scale
Selection - +H+ - -t +H+
Comparability + + + + +
Outcome +H + +Ht +H+ ++
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Supplementary Appendix 3. Funnel plot comparing osteoporotic
fractures between direct oral anticoagulant and vitamin K antagonists.
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DOAC VKA
Study Fracture Total Fracture Total Odds Ratio OR 95%-Cl Weight
design =NR
Lau et al, 2020 205 13974 196 9541 —=— 0.71 [0.58;0.86] 11.3%
Binding 2019 606 25182 329 12168 | 089 [0.77;1.02) 145%
Huang et al, 2020 1154 16110 1009 9707 - 067 [061,0.73] 17.1%
Lutsey et al, 2020 3350 84650 3944 82625 : 0.82 [0.78,0.86] 18.8%
Lauetal, 2017 34 3268 95 4884 —=— 053 [0.36;0.79] 5.0%
Random effects model 143184 118925 <> 0.75 [0.65; 0.85] 66.7
design=R
RELY, 2009 43 6059 34 5998 125 [0.80;1.97] 4.1%
ROCKET AF, 2011 81 7111 115 7125 —8— 0.70 [053;094]) 7.7%
J-ROCKET, 2012 10 639 10 639 1.00 [041;242] 12%
ARISTOTLE, 2011 101 9088 136 9052 —E&— 0.74 [057,095] 8.7%
ENGAGE AF TIMI48, 2013 201 7012 233 7012 - 086 [0.71;1.04] 116%
Random effects model 29909 29826 - 0.83 [0.70; 0.98] 33.3
Random effects model 173093 148751 <> 0.77 [0.70; 0.86] 100.0%
Heterogeneity: /2 = 71%, t* = 0.0138, p < 0.01
Residual heterogeneity: I* = 74%, p < 0.01 05 1 2

Favours DOAC Favours VKA

Supplementary Appendix 4. Subgroup analysis osteoporotic fractures comparing direct oral anticoagulant vs. vitamin K antagonists with re-
spect to design of the studies. NR, non-randomized studies; R, randomized studies, OR, odds ratio; Cl, confidence interval.
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Treatment effect (log odds ratio)
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Supplementary Appendix 5. Bubble plot for osteoporotic fractures with
respect to the follow-up (fu) duration of the studies.
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comparison p.value
d.Apixaban.Dabigatran 0.478625
-> direct NA

-> indirect NA

-> network NA

d.Apixaban.Rivaroxaban 0.766125

-> direct NA
-> indirect NA
-> network NA

d.Dabigatran.Rivaroxaban  0.524000

-> direct NA
-> indirect NA
-> network NA

Crl

NA

0.50 (-0.069, 1.0)
0.077 (-1.1, 1.3)
0.45 (0.049, 0.82)
NA

0.19 (-0.27, 0.63)
0.049 (-0.92, 1.1)
0.17 (-0.21, 0.56)
NA

-0.33(-0.81, 0.18)
-0.024 (-0.97, 0.95)
-0.28 (-0.63, 0.11)

Supplementary Appendix 7. Node-split model for assessment of
inconsistency between direct and indirect comparison in all studies:
for each treatment comparison that has both direct and indirect esti-
mates, the analysis provides the mean and credible intervals (the val-
ue at 2.5% and 97.5% quantiles) for the direct, indirect and network
estimates together with a Bayesian P-value for the related test of in-
consistency between the direct and indirect evidence for each treat-
ment comparison. NA, not available; Crl, credible interval.
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Supplementary Appendix 8. Gelman-Rubin convergence assessment plots for the Bayesian network meta-analysis model showing the red
lines on the plot reached stability around the value 1 which suggests that the simulated model has converged.
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[,1] [,2] [,3] [,4]

ARISTOTLE,2011 1.9187176 0.9764725 NA NA

ENGAGE, 2013 0.9953815 0.9992926 NA NA

Huang,2020 9.9479471 0.9893049 ©.995@774 9.9995668

JROCKET,2012 9.9170931 0.8@88935 NA NA

Lau,2017 1.2797572 1.1980460 NA NA

Lau,2020 1.4706977 1.2236514 ©.8526145 9.9343715

Lutsey etal, 2020 1.93@1952 1.9228928 2.9894478 ©.9884211

RELY, 2009 1.9455638 09.9493534 NA NA

ROCKET, 2011 0.9078809 0.9325679 NA NA o
[,1] [,2] [,3] [,4]

ARISTOTLE,2011 1.0245388 9.9828203 NA NA

ENGAGE, 2013 1.9953376 1.0022018 NA NA

Huang,2020 0.9036597 0.9766625 ©.9862369 0.9908165

JROCKET,2012 ©.8982693 9.8075035 NA NA

Lau,2017 1.0907947 1.0896815 NA NA

Lau, 2020 1.3304548 1.2175137 ©.8973188 0.9584934

Lutsey, 2020 ©.9897218 1.0155162 ©.9949283 0.9926652

RELY, 2009 1.2053487 1.09804438 NA NA

ROCKET, 2011 0.9640766 0.9976874 NA NA e

Supplementary Appendix 9. Residual deviances for each trial arm from the (A) primary network meta-analysis model and from (B) the unrelat-
ed mean effect inconsistency model.
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Apixaban
Dabigatran
Apixaban
VKA Dabigatran
Edoxaban
Edoxaban Rivaroxaban
o -
Rivaroxaban
0Odds Ratio (95% Crl)
Compared with VKA
Apixaban —0— 0535 (0.411,0.727)
Dabigatran —o—  1.12(0.857,152)
Edoxaban —_— 0.858 (0.513, 1.43)
—O0— 0.690 (0.540, 0.927)
U 1
04 2 e
comparison p.value Crl
d.Apixaban.Dabigatran 0.4813 NA
-> direct NA 0.82(0.43,1.1)
-> indirect NA 0.54(-0.30, 1.4)
-> network NA 0.74(0.41,1.1)
d.Apixaban.Rivaroxaban 0.4788 NA
-> direct NA 0.31(-0.15,0.74)
-> indirect NA 0.028 (-0.79, 0.92)
-> network NA 0.25(-0.061, 0.57)
d.Dabigatran.Rivaroxaban ~ 0.9748 NA
-> direct NA -0.49 (-0.96, -0.0030)
-> indirect NA -0.50 (-1.4,0.50)
-> network NA -0.48 (-0.79, -0.17)

(EJ

D

Apixaban

0.48 (0.35, 0.67)
0.62 (0.35, 1.15)
0.78 (0.56, 1.07)
053 (0.41, 0.73)

2.09 (1.49, 2.89)
Dabigatran
1.3(0.74,2.38)
162 (1.17,2.21)

1.12(0.86, 1.52)

1.61(0.87,2.83)
0.77 (0.42,1.35)
Edoxaban

1.24(0.68, 2.17)
0.86 (0.51,1.43)

1.29 (0.94,1.78)
0.62 (0.45, 0.85)
0.8(0.46, 1.47)
Rivaroxaban

0.69 (0.54, 0.93)

Rank 1 Rank 2 Rank 3 Rank4 Rank$5
Apixaban 090876 0.07965 0.01064 0.00084  0.00C
Dabigatran 0.00013  0.00258 0.06549 0.19079  0.741
Edoxaban 0.04972 0.15200 0.53630 0.13184 0.130
Rivaroxaban  0.04126 076194 0.18680  0.00854  0.001
VKA 0.00013 0.00384 0.20078 0.66800 0.127
Rank Intervention
1 Apixaban
2 Rivaroxaban

JBM

VKA

1.87 (1.37, 2.43)
0.89 (0.66, 1.17)
1.17 (0.7, 1.95)
1.45(1.08, 1.85)
VKA

Supplementary Appendix 10. Sensitivity analysis excluding Lau et al. [19] and Lau et al. [23]: (A) network plot, (B) Bayesian comparison of all
treatment pairs, (C) funnel plot, (D) ranking probability table, (E) node-split model for assessment of inconsistency, (F) median rank chart. VKA, vi-
tamin K antagonists; Crl, credible interval.
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ixaban
oo Rank Intervention
Dabigatran 1
Odds Ratio (95% Crl) 2 Apixaban
Compared with VKA Rivaroxaban
VKA Apixaban 0.735 (0.451,1.20) :
Dabigatran 1.26 (0.692, 2.35) S xaban
Edoxaban 0.857 (0.541,1.36) 3 : : Edoxabqn. :
F | i | 0752 (0496, 1.19) :
Edoxaban 04 1 3
Rivaroxaban @ @ @
Apix aban Rank Intarvention
1 Apixaban
Odds Ratio (95% Crl)
) Compared with VKA 2 Rivaroxaban
Dabigatran 4 Apixaban —o— 0512(0.319,0.828)
hd VKA Dabigatran 0.808 (0.516,1.21)

0615 (0.381, 0.986)
U T
03 1

Rivaroxaban @ @ @
Supplementary Appendix 11. Sub-group network meta-analysis with randomized controlled trials only (A) and with population-based studies
only (B). Network plot (A1, B1), forest plot (A2, B2), median rank chart (A3, B3). VKA, vitamin K antagonists; Crl, credible interval.
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