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with atrial fibrillation using different oral
anticoagulants
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Abstract

Background: We aimed to investigate the comparative risk of fracture among patients with atrial fibrillation (AF)
treated with warfarin or non-vitamin K antagonist oral anticoagulants (NOACs).

Methods: Using the Korean National Health Insurance Service database, patients with AF who received a prescrip-
tion for apixaban, dabigatran, rivaroxaban, or warfarin between 2013 and 2016 were included. Risk of major fractures
(osteoporotic hip, vertebral, or pelvic fractures) were compared using inverse probability of treatment weighting.

Results: There were 70,481 patients identified (41.3% women; mean [SD] age 70.5 [11.3] years); 16,992 apixaban,
22,514 dabigatran, 27,998 rivaroxaban, and 29,390 warfarin users. During a median follow-up of 390 days, 2412 major
fractures occurred with weighted incidences per 100 patient-years of 2.56 for apixaban, 2.39 for dabigatran, 2.78 for
rivaroxaban, and 3.43 for warfarin. NOAC use was associated with a lower risk for fracture than warfarin use: HR 0.70
(95% confidence interval [Cl] 0.57-0.86) for apixaban, HR 0.69 (95% Cl 0.60-0.78) for dabigatran, and HR 0.79 (95%
C10.70-0.90) for rivaroxaban. In head-to-head comparisons between NOACs, there was no significant difference
between apixaban and dabigatran. Rivaroxaban was associated with a higher risk for fracture than dabigatran (HR
1.15,95% Cl 1.02-1.31).

Conclusion: In patients with AF, NOAC use may result in a lower risk for osteoporotic fracture compared with warfa-
rin use. Fracture risk does not seem to be altered by the choice of NOAC type, except for rivaroxaban. These associa-
tions may help inform benefit-risk assessments when choosing between the different anticoagulant types.

Keywords: Atrial fibrillation, Osteoporosis, Fracture, Oral anticoagulant

Introduction
Osteoporotic fractures are associated with high mortal-
ity and reduced quality of life in an elderly population
[1]. Atrial fibrillation (AF) is the most common sustained
— cardiac arrhythmia in the general population, being more
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fracture [6-9]. By regulating vitamin K, warfarin inhibits
the g-carboxylation of several proteins, including coagu-
lation factors II, VII, IX, and X [10]. Preclinical studies
have shown that several vitamin K-dependent proteins,
such as matrix Gla protein and osteopontin, play a role
in bone metabolism [9], and this has led to concerns that
warfarin may increase the risk for osteoporotic fracture.
These results correlate with clinical findings that propose
a connection between warfarin and an increased risk
of osteoporotic fractures [8-11, 14—17]. Furthermore,
patients who are treated with VKAs are subjected to
several dietary restrictions that may contribute to a low
bone mineral density.

More recently, the non-vitamin K antagonist oral anti-
coagulants (NOACs) including dabigatran, rivaroxa-
ban, apixaban, and edoxaban have been introduced for
use as alternatives to warfarin. Indeed, the NOACs are
now recommended over warfarin for stroke prevention
in persons with AF mainly because they are at least as
efficacious as warfarin in preventing stroke, have lower
bleeding risks, and require less monitoring [11, 12]. The
NOAC:s are also associated with a lower potential risk for
drug—drug interactions than warfarin [13]. However, data
on osteoporotic fracture risks with NOAC use are more
limited [14—17], and it remains unclear which anticoagu-
lant type or NOAC agent should be recommended as the
first choice for a patient who is also at risk for osteoporo-
tic fracture.

Given that oral anticoagulants are often prescribed
to older adults who have multiple risk factors for osteo-
porotic fractures [18], further clarity on their associations
with fracture risk is needed. This is particularly relevant
to persons with AF, who were reported to have a higher
risk of osteoporotic fracture and subsequent death after
fracture than those without AF [19].

In this nationwide cohort study, we aimed to inves-
tigate the fracture risk among patients with AF treated
with warfarin or NOACs, and second, to compare the
fracture risks between the different NOAC agents.

Materials and methods
All data and materials have been made publicly avail-
able at the National Health Insurance Service (NHIS)
of Korea. The data can be accessed on the National
Health Insurance Data Sharing Service homepage of the
NHIS (http://nhiss.nhis.or.kr). Applications to use the
NHIS data will be reviewed by the inquiry committee of
research support and, once approved, raw data will be
provided to the authorized researcher with a fee at sev-
eral permitted sites.

This study was a retrospective cohort analysis using
the national health claims database (NHIS-2016-4-009)
established by the NHIS of Korea. The NHIS is the single
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insurer managed by the Korean government. The major-
ity (97.1%) of Korean citizens are mandatory subscribers
to the NHIS, and the remaining 3% of the population are
under the Medical Aid program. As the NHIS database
contains the information of Medical Aid users, it is based
on the entire Korean population [2—4, 20-23].

This study was approved by the institutional review
board of the Yonsei University Health System (4-2016-
0179), and the requirement for informed consent was
waived.

Study population

From the Korean NHIS database covering a popula-
tion 51.5 million inhabitants, we identified adults (aged
18 years or older) with AF who initiated oral anticoagu-
lant (OAC) treatment (apixaban, dabigatran, rivaroxa-
ban, edoxaban, or warfarin) between January 1, 2013,
and December 31, 2016. We defined the date of the OAC
prescription as the index date. AF was diagnosed using
the International Classification of Disease 10th revision
code 148. To ensure diagnostic accuracy, AF was defined
as present only when it was a discharge diagnosis or con-
firmed at least twice in the outpatient department. The
AF diagnosis has previously been validated in the NHIS
database with a positive predictive value (PPV) of 94.1%
[2—4, 20-23].

We excluded patients with valvular heart disease, OAC
use prior to AF diagnosis, OAC prescription less than
30 days, catheter ablation for AF, or end-stage renal dis-
ease, and those who took unapproved NOAC dosage
forms for prevention of AF-related stroke; dabigatran
75 mg; rivaroxaban 2.5 mg and 10 mg. We excluded
patients who were exposed to any OACs within the pre-
vious year in order to establish an OAC-naive cohort.
Patients taking edoxaban were excluded from this study
due to their shorter follow-up times (the median follow-
up of 5.6 months). Patients who had a record of bone
tumors, epilepsy, or seizure before the index date or base-
line use of hormone replacement therapy (on or within
90 days before the index date) were excluded to reduce
their potential residual effects on fractures (Fig. 1) [24].

Outcomes

The primary outcome was major fracture requiring hos-
pitalization including hip fractures, vertebral fractures,
and fractures of the pelvis and acetabulum, which was
defined from any discharge diagnoses (details in Addi-
tional file 1: Table S1). The diagnosis of major fracture
has been validated previously in the NHIS database
with PPV of 98% [19]. Patients were followed-up until
the occurrence of the study outcome, switching to other
OACs, death, emigration, or end of study (December 31,
2016), whichever came earliest.
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171252 AF adults (218 years old) with a prescription of NOAC or warfarin
in the Korean National Health Insurance Service database
during the period from January 1, 2013 to December 31, 2016

Excluded (N =126955)
- Valvular heart disease (N = 8646)

- Undergone RFCA (N = 5607)
| - End-stage renal disease (N = 933)
- | - Prescribed edoxaban (N = 9549)

- Bone malignancy (N = 1038)
- Hormone replacement (N = 2214)
- Epilepsy or seizure (N = 11975)

- Unapproved NOAC dosage forms for prevention of AF-related stroke (N = 4188)

- Prior experience with any OAC (N = 33786)

70481 Included

Warfarin
(N =29387)

Apixaban
(N =10879)

OAC oral anticoagulant; RFCA, radiofrequency catheter ablation

Rivaroxaban
(N =18055)

Dabigatran
(N =12160)

Fig. 1 Flowchart of the enrollment and analysis of the study population. AF atrial fibrillation, NOAC non-vitamin K antagonist oral anticoagulants,

Inverse probability of treatment weighting for multiple
treatment options

To address potential bias due to nonrandomized treat-
ment allocation, inverse probability of treatment weight-
ing (IPTW) for multiple treatment options based on
propensity scores was used to construct a weighted
cohort of patients who differed with respect to oral
anticoagulants but were balanced with respect to other
measured characteristics [25]. The weights were derived
to obtain estimates representing population average
treatment effects with optimal balance between the treat-
ment populations by using generalized boosted models
based on 10,000 regression trees. The predictor variables
in the propensity score model are presented in Table 1.
The patients were considered to have comorbidities when
the condition was a discharge diagnosis or was confirmed
at least twice in an outpatient setting, similar to previous
studies using NHIS data (Additional file 1: Table S1) [2—
4, 20-23]. Balance between treatment populations was
evaluated by standardized differences of all covariates,
using a threshold of 0.1 to indicate imbalance. Character-
istics with a standardized difference greater than 0.1 after
IPTW were included as covariates in the subsequent
regression model.

Statistical analysis

Baseline characteristics were expressed as means with
standard deviations (SDs) for continuous variables and
frequencies (percentages) for categorical variables. Inci-
dence rates of dementia were calculated by dividing the
number of events by person-time at risk. We compared
the incidences of outcomes using the weighted log-rank
test and plotted weighted failure curves. Competing risk
regression by Fine and Gray using IPT'W as a probabil-
ity weight was performed to estimate the hazard ratio
(HR) of the risk for osteoporotic fractures considering
all-cause death as a competing event. The proportional
hazards assumption was tested on the basis of Schoen-
feld residuals. We performed subgroup analyses accord-
ing to sex. Propensity scores and weights were separately
re-calculated for the patients within the subgroups. To
assess whether the observed differences in the risk of the
primary outcome could be fully explained by an unmeas-
ured confounder, we calculated the E-value for our HRs
[26]. The E-value is defined as the minimum strength
of association that an unmeasured confounder would
need to have with both treatment and outcome, condi-
tional on the measured covariates, to explain away an
observed association [26]. A two-sided P-value of <0.05
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Table 1 Baseline characteristics before inverse probability of treatment weighting
Characteristics Before IPTW
Warfarin (N=29,387) Apixaban (N=10,879) Dabigatran Rivaroxaban Maximum
(N=12,160) (N=18,055) pairwise ASD
Age 685+124 73.0£10.0 71.2£104 71.8+£10.1 0216
<65 years 9964 (33.9) 1930 (17.7) 2740 (22.5) 3638 (20.1) 0.197
65-74 years 8884 (30.2) 3574 (32.9) 4434 (36.5) 6539 (36.2) 0.078
>75 years 10,539 (35.9) 5375 (49.4) 4986 (41.0) 7878 (43.6) 0.147
Women 11,373 (38.7) 5504 (50.5) 7174 (59.0) 7818 (43.3) 0.100
AF duration, months 243+404 3474482 352+46.7 39.4+48.7 0.169
High tertile of income 12,271 (41.8) 5164 (47.5) 5494 (45.2) 8395 (46.5) 0.062
Risk scores
CHA,DS,-VASc 40422 47+£19 44+£19 45+19 0.171
HAS-BLED 50+32 56+3.1 53431 54+£31 0.090
Charlson comorbidity index 54+64 59+69 54+6.5 56+68 0.041
Medical conditions
Heart failure 16,249 (55.3) 6443 (59.2) 7045 (57.9) 11,117 (61.6) 0.068
Hypertension 22,518 (76.6) 9273 (85.2) 10,148 (83.5) 15,526 (86.0) 0.129
Diabetes mellitus 9006 (30.6) 3531(325) 3772 (31.0) 5518 (30.6) 0.022
Dyslipidemia 24,523 (83.4) 9773 (89.8) 10,889 (89.5) 16,084 (89.1) 0.097
Ischemic stroke 9210 (31.3) 3980 (36.6) 4611 (37.9) 5642 (31.2) 0.089
Transient ischemic attack 2749 (9.4) 1282 (11.8) 1421 (11.7) 2102 (11.6) 0.040
Intracranial hemorrhage 449 (1.5) 217 (2.0) 218 (1.8) 309 (1.7) 0.019
Previous MI 3521 (12.0) 1414 (13.0) 1395 (11.5) 2171 (12.0) 0.024
Peripheral artery disease 5259(17.9) 2186 (20.1) 2474 (20.3) 3629 (20.1) 0.031
Chronic kidney disease 2828 (9.6) 1063 (9.8) 785 (6.5) 1425 (7.9) 0.071
Proteinuria 2652 (9.0) 986 (9.1) 1076 (8.8) 1534 (8.5) 0.011
Osteoporosis 9860 (33.6) 4728 (43.5) 4644 (38.2) 7343 (40.7) 0111
COPD 5997 (20.4) 2622 (24.1) 2781 (22.9) 4413 (24.4) 0.053
Chronic liver disease 13,222 (45.0) 5158 (47.4) 5793 (47.6) 8786 (48.7) 0.038
Malignant neoplasm 7614 (25.9) 3445 (31.7) 3540 (29.1) 5839 (32.3) 0.080
Hyperthyroidism 3720(12.7) 1501 (13.8) 1518 (12.5) 2540 (14.1) 0.029
Hypothyroidism 3701 (12.6) 1685 (15.5) 1709 (14.1) 2760 (15.3) 0.048
History of fall 131 (0.4) 76 (0.7) 72 (0.6) 103 (0.6) 0.017
History of any fracture 5446 (18.5) 2252 (20.7) 2441 (20.1) 3837 (21.3) 0.037
History of major fracture 2454 (8.4) 1086 (10.0) 1056 (8.7) 1816 (10.1) 0.037
Rheumatoid arthritis 597 (2.0) 259 (2.4) 269(2.2) 437 (2.4) 0.015
Recent medication use
Antiplatelet agents 5723 (19.5) 1477 (13.6) 1782 (14.7) 2360 (13.1) 0.092
Statin 11,021 (37.5) 5514 (50.7) 5952 (48.9) 8927 (49.4) 0.135
{3-blocker 13,794 (46.9) 6148 (56.5) 6564 (54.0) 10,347 (57.3) 0.113
ACEiI/ARB 15,748 (53.6) 6863 (63.1) 8(60.2) 11,432 (63.3) 0.109
DHP CCB 13,386 (45.6) 3(534) 6058 (49.8) 9207 (51.0) 0.083
Non-DHP CCB 2832 (9.6) 1465 (13.5) 1623 (13.3) 2436 (13.5) 0.061
Loop/thiazide diuretics 15,645 (53.2) 6504 (59.8) 6963 (57.3) 10,979 (60.8) 0.085
K* sparing diuretics 3926 (13.4) 1653 (15.2) 1780 (14.6) 2854 (15.8) 0.037
Digoxin 4338 (14.8) 1760 (16.2) 2291 (18.8) 3533 (19.6) 0.076
AAD class Ic 1358 (4.6) 1045 (9.6) 1129 (9.3) 1393 (7.7) 0.107
AAD class Il 1127 (3.8) 712 (6.5) 784 (6.4) 1168 (6.5) 0.061
Alpha blocker 2744 (9.3) 1166 (10.7) 1284 (10.6) 1886 (10.4) 0.024
Systemic glucocorticoid 6086 (20.7) 2891 (26.6) 2935 (24.1) 4794 (26.6) 0.078
Antidepressant 4257 (14.5) 2063 (19.0) 2159(17.8) 3483 (19.3) 0.069
Bisphosphonate 3862 (13.1) 2029 (18.7) 1932 (15.9) 3205(17.8) 0.084
Proton-pump inhibitor 6853 (23.3) 3559 (32.7) 3779 (31.1) 5927 (32.8) 0.112
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Table 1 (continued)
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Values are presented as mean =+ standard deviation or n (%)

AAD anti-arrhythmic drug, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, ASD absolute standardized difference, COPD chronic
obstructive pulmonary disease, DHP dihydropyridine, IPTW inverse probability of treatment weighting

was considered significant. Statistical analyses were con-
ducted using SAS version 9.3 (SAS Institute, Cary, NC,
USA) and R version 3.5.3 (The R Foundation, www.R-
project.org).

Results

Patient characteristics

A total of 70,481 new anticoagulant users met the
inclusion criteria: apixaban (#=10,879), dabigatran
(n=12,160), rivaroxaban (#=18,055), and warfarin
(n=29,387) (Fig. 1). The mean age of the cohort was
70.5 years (SD 11.3), ranging from 68.5 years (warfa-
rin) to 73.0 (apixaban) and 41.3% were female (Table 1).
Median follow-up was 390 days (interquartile range 187—
704 days). After IPTW, all baseline characteristics had
standardized differences less than 0.1 (Table 2).

Risk for osteoporotic fractures

A total of 2412 fractures were identified (crude event
number [weighted rate per 100 patient-years]: apixaban,
263 [2.56]; dabigatran, 273 [2.39]; rivaroxaban, 535 [2.78];
and warfarin, 1341 [3.43]). The crude median time to
fracture (interquartile range) was 374 (172—672) days in
overall anticoagulant users, ranging from 234 (106—-386)
days in apixaban users to 705 (337-1047) days in warfa-
rin users (Fig. 2). Compared with men, women tended to
have a higher incidence of osteoporotic fractures, regard-
less of the type of anticoagulant received (Fig. 2).

The adjusted cumulative incidences at 6 to 24 months
after treatment initiation are shown in Fig. 3. At
24 months, the weighted cumulative incidence of osteo-
porotic fractures was lower with NOAC use than with
warfarin use (3.9% for apixaban, 4.2% for dabigatran,
4.8% for rivaroxaban and 5.4% for warfarin). In men, the
weighted cumulative incidence was consistently higher in
patients with warfarin use, whereas rivaroxaban and war-
farin users had similarly higher incidences of 9.1% and
8.8% in women.

Competing risk regression over the entire follow-up
suggested that NOAC use was associated with a lower
risk for osteoporotic fractures than warfarin use; HR
0.70 (95% confidence interval [CI] 0.57-0.86) for apixa-
ban vs. warfarin, HR 0.69 (95% CI 0.60-0.78) for dabi-
gatran vs. warfarin, and HR 0.79 (95% CI 0.70—0.90) for
rivaroxaban vs. warfarin (Fig. 2). However, there were
no differences observed between rivaroxaban and warfa-
rin in women (HR 0.87, 95% CI 0.75-1.02) (P for inter-
action=0.019). In head-to-head comparisons between

NOAC:, rivaroxaban use was associated with a higher
risk for fractures than dabigatran use (HR 1.15, 95% CI
1.02-1.31) (Table 3). This observation was prominent for
women with a HR of 1.22 (95% CI 1.05-1.42). No differ-
ences were observed in other head-to-head comparisons
between NOACs.

The corresponding E-values for the point estimates of
apixaban, dabigatran, rivaroxaban in comparisons with
warfarin were 2.21, 2.27, and 1.85, respectively, which
suggests that an unmeasured confounder would be
needed to explain away the observed effect estimates only
if the confounder was associated with both the treatment
and the outcome by a risk ratio of approximately two-fold
each, but weaker confounding could not do so.

Discussion

The principal finding of this study was that NOAC use
was associated with a lower risk of osteoporotic frac-
tures compared with warfarin use. Second, in head-to-
head comparisons between NOAC:sS, rivaroxaban use was
associated with a higher risk for fracture than dabigatran,
whereas there was no difference between dabigatran and
apixaban. To our knowledge, this is the first study that
shows significant differences in fracture risk according
to individual NOAC:s, suggesting that rivaroxaban might
be associated with a higher risk for fractures than other
NOAC:s.

Accumulating evidence suggests that AF itself is an
independent risk factor for osteoporotic fractures [19].
Especially in patients with AF, warfarin use has been sug-
gested to have deleterious effects on bone density and
be associated with a higher risk of subsequent fractures
[7, 27], but the evidence remains controversial across
the literature [28, 29]. The NOACs, which are emerg-
ing alternative anticoagulants, have no influence on the
synthesis of osteocalcin and patients taking NOACs are
not subjected to any dietary restrictions regarding several
vegetables which could contribute to a low bone marrow
density. A recent meta-analysis pooled the adverse events
reported in randomized controlled trials of NOACs
and found fewer reports of fractures in NOAC users
than in warfarin users [30]. However, previous trials of
NOACs were not designed to provide reliable estimates
of fracture risks in clinical practice, and a range of pop-
ulation-based studies are needed to inform the risk for
osteoporotic fracture for different oral anticoagulants.

Our finding that NOAC use is associated with a lower
risk of osteoporotic fractures is consistent with several
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Table 2 Baseline characteristics after inverse probability of treatment weighting
Characteristics After IPTW
Warfarin (N=69,168) Apixaban (N=67,947) Dabigatran Rivaroxaban Maximum
(N=68,716) (N=68,882) pairwise
ASD
Age 704+£113 70.7£11.1 705+£11.2 706£11.1 0.011
<65 years 26.2% 25.2% 25.5% 25.6% 0.012
65-74 years 33.1% 33.6% 33.8% 334% 0.008
>75 years 40.7% 41.2% 40.7% 41.0% 0.006
Women 41.4% 41.7% 41.2% 41.4% 0.011
AF duration, months 309+449 31.3£45.1 31.3+£45.1 314+£452 0.006
High tertile of income 44.1% 44.9% 44.4% 44.7% 0.008
Risk scores
CHA,DS,-VASc 43+2.1 43+20 43+£20 43+£20 0.006
HAS-BLED 53+32 53+3.1 53+£31 53+32 0.004
Charlson comorbidity index 55+65 54+64 54465 54465 0.005
Medical conditions
Congestive heart failure 57.9% 57.9% 57.9% 58.2% 0.004
Hypertension 81.5% 81.3% 81.4% 81.6% 0.004
Diabetes mellitus 31.1% 30.9% 30.7% 30.7% 0.005
Dyslipidemia 86.7% 87.2% 87.1% 87.1% 0.006
Ischemic stroke 33.3% 33.5% 33.5% 33.1% 0.005
Transient ischemic attack 10.5% 10.7% 10.9% 10.7% 0.005
Intracranial hemorrhage 1.6% 1.7% 1.7% 1.7% 0.004
Previous MI 12.1% 11.8% 11.8% 11.8% 0.005
Peripheral artery disease 19.0% 18.8% 19.1% 18.9% 0.005
Chronic kidney disease 8.6% 8.6% 8.3% 84% 0.008
Proteinuria 9.0% 9.0% 8.8% 8.6% 0.008
Osteoporosis 37.5% 37.9% 37.7% 37.5% 0.005
COPD 22.5% 22.2% 22.2% 224% 0.004
Chronic liver disease 46.7% 46.9% 46.6% 46.7% 0.002
Malignant neoplasm 28.7% 29.2% 28.6% 29.0% 0.008
Hyperthyroidism 13.1% 13.1% 12.9% 13.1% 0.003
Hypothyroidism 13.8% 14.0% 13.9% 14.0% 0.003
History of fall 0.5% 0.5% 0.5% 0.5% 0.004
History of any fracture 19.6% 19.6% 20.0% 19.9% 0.006
History of major fracture 9.1% 8.9% 8.9% 9.1% 0.006
Rheumatoid arthritis 2.2% 2.1% 2.2% 2.2% 0.002
Recent medication use
Antiplatelet agents 16.2% 15.5% 16.1% 15.8% 0.011
Statin 44.3% 44.9% 44.9% 44.8% 0.006
B-blocker 52.0% 52.8% 522% 52.4% 0.008
ACEi/ARB 58.3% 59.0% 58.4% 58.8% 0.008
DHP CCB 48.7% 49.4% 49.0% 48.9% 0.008
Non-DHP CCB 11.6% 11.9% 11.9% 11.8% 0.005
Loop/thiazide diuretics 56.8% 56.5% 56.4% 56.7% 0.006
K* sparing diuretics 14.3% 14.3% 14.2% 14.3% 0.001
Digoxin 16.8% 16.5% 16.9% 16.7% 0.006
AAD class Ic 6.7% 7.0% 7.1% 6.9% 0.009
AAD class Il 5.3% 5.5% 54% 54% 0.005
Alpha blocker 10.1% 9.8% 9.8% 9.8% 0.005
Systemic glucocorticoid 23.5% 24.1% 23.5% 23.8% 0.009
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Table 2 (continued)

Characteristics After IPTW

Warfarin (N=69,168) Apixaban (N=67,947) Dabigatran Rivaroxaban Maximum
(N=68,716) (N=68,882) pairwise
ASD

Antidepressant 16.7% 16.9% 17.0% 17.1% 0.005
Bisphosphonate 15.6% 15.7% 15.7% 15.8% 0.002
Proton-pump inhibitor 28.2% 28.8% 28.8% 28.6% 0.007

Values are presented as mean =+ standard deviation or %

Numbers of patients are weighted

AAD anti-arrhythmic drug, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, ASD absolute standardized difference, CCB calcium
channel blocker, COPD chronic obstructive pulmonary disease, DHP dihydropyridine, IPTW inverse probability of treatment weighting

Total ETR. Median days Crude Weighted Weighted s . B
patients to fracture Incidence Incidence HR (95% Cl) noac warfarin  value
All patients i
Warfarin 29387 1341 705 (337-1047)  2.37 3.43 1 (ref) " -
Apixaban 10879 263 234 (106-386) 3.41 2.56 0.70 (0.57-0.86) —_— i <0.001
Dabigatran 12160 273 284 (130-457) 2.49 2.39 0.69 (0.60-0.78) ] E <0.001
Rivaroxaban 18055 535 283 (137-439) 3.50 2.78 0.79 (0.70-0.90) L] i <0.001
Male E
Warfarin 18014 444 718 (355-1061) 1.25 1.81 1 (ref) é -
Apixaban 5733 83 240 (112-397) 1.97 1.20 0.61 (0.48-0.78) —n— g <0.001
Dabigatran 7354 89 291 (136-464)  1.31 119 0.64 (0.52-0.79) —_— <0.001
Rivaroxaban 10237 137 285 (141-444) 1.56 1.16 0.62 (0.50-0.76) —=— ; <0.001
Female i
Warfarin 11373 897 687 (307-1027) 4.21 5.90 1 (ref) i:' -
Apixaban 5146 180 226 (97-373)  5.14 470  0.76 (0.58-1.00) —— 0.047
Dabigatran 4806 184 274 (124-445) 4.45 4.26 0.72 (0.61-0.84) -t i <0.001
Rivaroxaban 7818 398 281 (133-437) 6.08 5.19 0.87 (0.75-1.02) '-I':' 0.087
025 05 1 2
Fig. 2 Risk of major fracture after inverse probability of treatment weighting. Incidence rates are per 100 person-years. C/ confidence interval, HR
hazard ratio, NOAC non-vitamin K antagonist oral anticoagulant

recent studies [14—17]. In the present study, we extended
prior observations by enrolling a larger number of partic-
ipants and allowing a longer follow-up. And we used pro-
pensity score-weighting for multiple treatment options,
accounting for the differences in baseline characteristics
of all the four anticoagulants (warfarin and 3 NOACs:)
simultaneously. This approach makes it possible to gen-
eralize the results to the entire population who would be
eligible to receive any of the four anticoagulants, which
may better reflect real-world clinical practice [17].

Prior studies have reported that warfarin therapy might
interfere the process of bone formation. Warfarin not
only antagonizes vitamin-K-dependent coagulation cas-
cade but also impairs the y-carboxylation of osteocalcin

and other proteins which contributes to bone minerali-
zation [9, 31]. Binding et al. suggested that the dietary
restrictions regarding some vegetables recommended in
warfarin users, which were associated with a low intake
of folic acid and subsequent hyperhomocysteinemia,
could explain the warfarin’s deleterious effects on bone
health [14]. Hyperhomocysteinemia is associated with an
increase in osteoclast activity and a decreased in osteo-
blast activity [32]. Furthermore, it is associated with an
increase in matrix metalloproteinases that degrade extra-
cellular bone matrix [33]. NOACs act independently of
the vitamin-K associated mechanism, and there are no
specific dietary restrictions in users of any of the NOACs.
Gage et al. reported that long-term (>1 year) warfarin
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All Male Female
= Warfarin = Apixaban = Dabigatran — Rivaroxaban = Warfarin = Apixaban = Dabigatran — Rivaroxaban = Warfarin = Apixaban = Dabigatran — Rivaroxaban
12.0% 12.0% 12.0%
10.0% 10.0% 10.0%

Cumulative incidence
o
3

B, 5 * ®

Cumulative incidence
o
9
=

Cumulative incidence
o
9
=

12 18 24 0 6 2 18 24 0 6 12 18 24
Months Months Months
Weighted population at risk (weighted cumulative incidence) Weighted population at risk (weighted cumulative incidence) Weighted population at risk (weighted cumulative incidence)
Warfarin {69168 59007 (2.0%) 50389 (3.2%) 43015 (4.4%) 32763 (5.4%)  Warfarin |40497 35030 (1.0%) 30030 (1.7%) 25668 (2.4%) 19636 (2.9%) Warfarin 28327 23680 (3.6%) 20120 (5.4%) 17169 (7.1%) 13008 (8.8%)
Apixaban [67947 41050 (1.7%) 20013 (2.6%) 3817 (3.5%) 1510 (3.9%) Apixaban |39157 24338 (1.0%) 12538 (1.4%) 2770 (1.9%) 1103 (2.1%) Apixaban [27805 16144 (2.6%) 7258 (4.4%) 1059 (5.9%) 416 (6.9%)
Dabigatran [68716 45642 (1.5%) 26257 (2.5%) 7180 (3.3%) 4731 (4.2%) Dabigatran [39816 27010 (0.9%) 15862 (1.3%) 4750 (1.5%) 3151 (1.7%)  Dabigatran |27955 18002 (2.3%) 10026 (4.3%) 2314 (5.9%) 1513 (8.3%)
Rivaroxaban (68882 46161 (2.1%) 25355 (3.0%) 5882 (3.9%) 3609 (4.8%) Rivaroxaban [40079 27037 (0.9%) 15069 (1.3%) 3688 (1.6%) 2289 (2.0%) Rivaroxaban|28003 18638 (3.6%) 10038 (5.3%) 2114 (7.2%) 1261 (9.1%)
Fig. 3 Weighted cumulative incidence curves of osteoporotic fracture
Table 3 Risk of major fracture comparing inverse probability of treatment weighted users of NOACs
NOAC vs. NOAC All patients Male Female P value

for interaction®

Weighted HR (95% CI) Pvalue Weighted HR (95% ClI) Pvalue Weighted HR (95% Cl) P value

Apixaban versus Dabi- 1.02 (0.84-1.25) 0.847 0.95 (0.74-1.23) 0.689 1.06 (0.82-1.37) 0.665 0.646
gatran

Rivaroxaban versus dabi- 1.15(1.02-1.31) 0.023 0.96 (0.77-1.20) 0.716 1.22(1.05-1.42) 0.010 0.088
gatran

Rivaroxaban versus 1.13(0.93-1.38) 0.227 1.01 (0.78-1.31) 0.935 1.15 (0.89-1.50) 0.294 0.544

apixaban

Cl confidence interval, HR hazard ratio, NOAC non-vitamin K antagonist oral anticoagulant

2 P value for interaction between treatment effect and sex

use was associated with osteoporotic fractures in men
with AF whereas prescribed warfarin for less than a year
did not increase the risk of fracture [7]. Consistently, the
median time to fracture after initiating anticoagulation
was over a year (374 days) in this study, suggesting that
the protective associations of NOACs with lower fracture
risk over warfarin could be observed with the proviso
that anticoagulants were prescribed for a sufficiently long
time.

Evidence is scarce regarding possible differences in the
fracture risk by individual NOACs [15, 17]. Prior studies
analyzing administrative claim data of Hong Kong and
Taiwan reported there were no significant differences
in fracture risk in head-to-head comparisons between
NOAGCsS, although the strongest beneficial effect esti-
mates were observed for apixaban when comparing indi-
vidual NOACs with warfarin [15, 17].

To our knowledge, this is the first study to demon-
strate significant differences in fracture risk accord-
ing to individual NOACsS, suggesting that rivaroxaban
might be associated with a higher risk for fractures than
other NOACs. Although the finding might be due to

uncontrolled confounding such as NOAC dosing and
treatment adherence, it might help to establish NOAC
prescription strategies for minimizing the risk of frac-
tures among patients with AF and high fracture risk.
Randomized controlled trials investigating comparing
the risk of fractures between NOACs are warranted.

Study limitations

The present study has several limitations. First, stud-
ies using administrative databases might be susceptible
to errors arising from coding inaccuracies. To minimize
this problem, we applied the definition that has been pre-
viously validated in previous studies using the Korean
NHIS sample cohort [2—-4, 20-22]. Second, given its
observational nature, causal relationships could not be
assessed and the possibility of unmeasured confound-
ers cannot be ruled out. The E-value in this study sug-
gested that a rare unmeasured confounder could explain
our observed associations of NOAC use with lower frac-
ture risk compared with warfarin only. Third, we did not
have access to information on time in therapeutic range
among warfarin users. Thus, our comparisons between
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NOAC and warfarin users should still be interpreted
carefully. Lastly, the study enrolled only Asian patients,
and it is therefore unknown whether the results in this
study apply to other populations.

Conclusion

In patients with AF, NOAC use may result in a lower risk
for osteoporotic fracture compared with warfarin use.
Fracture risk does not seem to be altered by the choice of
NOAC type, except for rivaroxaban. These associations
may help inform benefit-risk assessments when choosing
between the different anticoagulant types.
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