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Aims To evaluate the fracture risk among patients with atrial fibrillation (AF) treated with non-vitamin K antagonist oral
anticoagulants (NOACs) or warfarin.

...................................................................................................................................................................................................
Methods
and results

We conducted a real-world nationwide retrospective cohort study using Taiwan’s National Health Insurance Research
Database. All adult patients in Taiwan newly diagnosed with AF between 2012 and 2016 who received NOACs or
warfarin were enrolled and followed up until 2017. Patients treated with NOACs were sub-grouped according to the
NOAC used (dabigatran, rivaroxaban, and apixaban). Propensity score matching was performed for each head-to-head
comparison. Cox regression analysis, with a shared frailty model, was used to calculate the adjusted hazard ratios
(aHRs) for hip, vertebral, and humerus/forearm/wrist fractures. After matching, 19 414 patients were included (9707 in
each NOAC and warfarin groups). The median follow-up time was 2.4 years. Compared with warfarin, NOACs were
associated with a reduced fracture risk [aHR = 0.84, 95% confidence interval (CI) = 0.77–0.93; P < 0.001]. Sub-analyses
revealed that each NOAC, namely dabigatran (aHR = 0.88, 95% CI = 0.78–0.99; P = 0.027), rivaroxaban (aHR = 0.81,
95% CI = 0.72–0.90; P < 0.001), and apixaban (aHR = 0.67, 95% CI = 0.52–0.87; P = 0.003), had a reduced fracture risk.
Analyses including all eligible patients, without propensity score matching, generated similar results.

...................................................................................................................................................................................................
Conclusion Compared with warfarin, NOAC was associated with a reduced fracture risk among AF patients. Therefore, if oral

anticoagulants are indicated, NOACs rather than warfarin should be considered to lower the risk of fractures.
However, further studies are needed to investigate the underlying mechanisms and elucidate causality.
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Introduction

Atrial fibrillation (AF) is common among older people, and its
prevalence and incidence are increasing as populations age world-
wide. Stroke prevention is a pivotal component of the manage-
ment of AF, with oral anticoagulants (OACs) being prescribed to

achieve this goal.1 Warfarin, a vitamin K antagonist, has been a
cornerstone OAC treatment for stroke prevention in AF patients
for decades. More recently, the approval of non-vitamin K antag-
onist OACs (NOACs) for stroke prevention has provided an-
other OAC option, and their efficacy, safety, and convenience are
comparable to warfarin.2–4
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Osteoporotic fractures, which are major health threats among

older people, cause significant morbidity, mortality, and considerable
socioeconomic burdens.5–7 An association between warfarin use and
an increased risk for osteoporotic fractures has been suggested in AF
patients,8–10 but the evidence remains controversial.11 Before
NOACs became available, warfarin was the inevitable choice for AF
patients and, despite concerns about increased fracture risks, alterna-
tive treatments were not available.12 Since NOACs became available,
numerous studies have compared the efficacy and safety of NOACs
and warfarin. However, few studies have compared NOACs and
warfarin in relation to fracture risks.12,13 As OACs are usually pre-
scribed to older patients who are vulnerable to both AF and osteo-
porotic fractures, clinical concerns about the possible effects of
warfarin and NOACs on fracture risks are critically important.

To date, comparisons of fracture risks among AF patients adminis-
tered NOACs or warfarin are limited. Hence, we compared the frac-
ture risks associated with NOACs and warfarin among AF patients.

Methods

Data sources and ethical approval
We conducted a nationwide cohort study by retrieving the claims-based
data from Taiwan’s National Health Insurance Research Database
(NHIRD). Taiwan’s National Health Insurance (NHI) programme is
administered by the government, is mandatory, and includes >99% of
Taiwan’s population.14 The NHIRD represents Taiwan’s entire popula-
tion and comprises detailed health care data from about 23.6 million
enrolees. The Health and Welfare Data Science Center at the Ministry of
Health and Welfare in Taiwan maintains the data within the NHIRD and
ensures they are available for research purposes. Before 2016, the diag-
nostic and procedure codes were derived from the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM), and from 2016, they were derived from the International
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM). Hualien Tzu Chi Hospital’s Research Ethics Committee approved
this study (REC No: IRB107-152-C).

Study population and exposure
All adult patients aged >_20 years with AF newly diagnosed between 2012
and 2016 were identified within the NHIRD. Atrial fibrillation diagnosis
was defined as a discharge diagnosis or a diagnosis confirmed at least
twice in an outpatient department using the ICD-9-CM code 427.31. The
accuracy of this definition of AF in the NHIRD has been validated.15

Those patients who were diagnosed with AF before 2012 were excluded
to ensure that newly diagnosed AF was identified.

To compare fracture risk in patients treated with NOACs or warfarin,
we divided the AF population into two cohorts, the NOAC and the war-
farin cohort. Each cohort included only patients who had been continu-
ously treated with either NOACs or warfarin for a period of at least
90 days since initiating treatment after AF diagnosis. The NOAC cohort
was further subdivided into three subgroups according to the NOAC
type used (dabigatran, rivaroxaban, and apixaban). Edoxaban was not
evaluated because it was not available in Taiwan’s NHI programme until
2016. The study cohorts were classified according to the treatment status
within 90 days of initiating OAC treatment. The index date were defined
as the 91st day after initiating OAC treatment, and the follow-up started
subsequently. This approached minimized the risk of possible immortal
time and survival bias.

Changes in bone health are expected to take place slowly. Hence, the
long-term use of two or more OAC types may impact on the capacity to
attribute the effect on bone health to a specific OAC. To obtain clear
comparisons of the effects of each OAC on fracture risk, we excluded
patients who received both a NOAC for >_90 days and warfarin for
>_90 days, or received more than one NOAC for >_90 days. We also
excluded patients who did not take any OACs or did not continuously
take OAC for 90 days after treatment initiation, as well as patients who
were diagnosed with the primary outcome before the index date.

Outcome measures
The primary outcome was the development of any new fracture of the
hip (ICD-9-CM codes: 820 and 733.14; ICD-10-CM codes: S72.0–S72.2,
M80.05, and M80.85), vertebrae (ICD-9-CM codes: 805–806 and 733.13;
ICD-10-CM codes: S12.0–S12.6, S22.0, S32.0–S32.2, M80.08, and
M80.88), or humerus, forearm, or wrist (ICD-9-CM codes: 812–814,
733.11, and 733.12; ICD-10-CM codes: S42.2–S42.4, S52.x, S62.0–S62.1,
M80.02–M80.03, and M80.82–M80.83); these fractures were selected be-
cause they are the most common and quintessential osteoporotic frac-
tures. All individuals were followed from the index date until 31
December 2017, or until they developed any of the fractures comprising
the primary outcome or died.

We also analysed hip, vertebral, and humerus/forearm/wrist fracture
events individually. Patients were followed up until occurrence of any one
of these fracture types; if another fracture type occurred earlier, the pa-
tient was censored. Furthermore, each NOAC (dabigatran, rivaroxaban,
and apixaban) was compared with warfarin in a sub-analysis. Age- and
sex-stratified sub-analyses were performed.

Covariates
We obtained patients’ baseline and clinical characteristics from the reim-
bursement claims associated with outpatient, inpatient, and emergency
services. A pre-existing comorbidity was defined as a discharge diagnosis
or a diagnosis that was confirmed at least twice in an outpatient depart-
ment within the year before the index date, based on the ICD-9-CM (be-
fore 2016), ICD-10-CM (since 2016), and the procedure codes. Baseline
medication use was defined as a drug prescribed for >_30 days within the
year before the index date. The baseline comorbidities and medications
used, which were considered potential confounders, were selected based
on previous studies.16,17 The Charlson comorbidity index was calculated
based on pre-existing comorbidities recorded in each patient file.18 The
CHA2DS2-VASc score, which has been used to predict the risk of ischae-
mic stroke and thromboembolic events, was calculated in our study to
determine the indication for OAC prescription.19,20 Monthly income lev-
els were assessed based on income-related NHI premiums and were
stratified into four levels (>_45 000, 30 000–44 999, and 15 840–29 999
New Taiwan dollars, and financially dependent). The time from the first
AF diagnosis to start of OAC treatment was retrieved. In addition, infor-
mation for the hospital and physician specialty regarding the initial OAC
prescription was obtained, including the hospital level by accreditation
(medical centre, regional hospital, or district hospital and clinics), hospital
region (North, Central, or South and Eastern of Taiwan), and physician
specialty (cardiologist, neurologist, or other specialties).

Statistical analyses and propensity score

matching
For continuous baseline characteristics, independent t-test and Wilcoxon
rank-sum test were used to compare means and medians, respectively.
The v2 test was used to compare categorical variables. The cumulative in-
cidence function was used to estimate the fracture incidence, with death
as a competing event, with Gray’s test used to compare the cumulative
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incidence curves. In the sub-analysis for a specific fracture, the develop-
ment of the other fracture type was considered as a competing event.

Two main analytic methods (with and without propensity score
matching) were performed to obtain the adjusted hazard ratios (aHRs) of
fracture events. When analysing all eligible population without propensity
score matching, multivariable Cox proportional hazard regressions were
performed to calculate the aHRs and corresponding 95% confidence
intervals (CIs), adjusting for covariates listed in Table 1. In the analyses
applying propensity score matching to balance baseline differences, the
aHRs were calculated using Cox regressions with shared frailty model
that account for the matching. Each head-to-head comparison (NOACs
vs. warfarin, and each NOAC vs. warfarin) was conducted after perform-
ing 1:1 propensity score matching for each comparison set. The propen-
sity scores, which estimated the probability of a patient receiving each
OAC, were calculated using logistic regressions adjusted for covariates
listed in Table 1. The propensity score matching was conducted using
nearest-neighbour matching algorithms without replacements, with a cal-
liper width equal to 0.2 of the standard deviation of the logit of the pro-
pensity score. Standardized difference was used to assess the difference
between treatment groups after propensity score matching21; a value of
<0.1 was considered negligible.

All Cox regressions were performed after determining that the pro-
portional hazard assumptions were met using statistical tests based on
the Schoenfeld residuals. A two-sided probability value <0.05 was consid-
ered statistically significant. The statistical analyses were performed using
SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA) and Stata,
version 14 (Stata Corporation LLC, College Station, TX, USA).

Sensitivity analyses
The first sensitivity analysis A was performed after excluding AF patients
who had rheumatic heart disease, congenital heart disease, or had under-
gone valve replacement surgery, because these patient populations tend
to be prescribed warfarin rather than NOACs, according to the current
guidelines,22 which would bias our results. The second sensitivity analysis
B was conducted by following the patients from the index date until the
fracture event, death, or use of another type of OAC (censored at the
start of the second OAC type). The third sensitivity analysis C was con-
ducted by using the propensity score weighting method and Cox regres-
sions to calculate the aHRs.

Results

Patient characteristics
Our study population included 28 776 AF patients, with 16 110
patients in the NOAC cohort and 12 666 patients in the warfarin co-
hort. Within the NOAC cohort, 5833, 8474, and 1803 patients were
assigned to the dabigatran, rivaroxaban, and apixaban subgroups, re-
spectively. Patients’ baseline characteristics, without propensity score
matching, are summarized in Supplementary material online, Table
S2. After propensity score matching, 19 414 patients were included,
with 9707 in each NOAC and warfarin cohort. The baseline charac-
teristics were balanced after matching (Table 1), with all standardized
differences in covariates between the groups in each comparison
being <0.1, confirming a negligible between-group difference in cova-
riates after propensity score matching. The between-group balance
of the NOAC and warfarin cohorts in the propensity score models is
shown in Supplementary material online, Table S5. The baseline char-
acteristics of each NOAC subgroup (dabigatran, rivaroxaban, and
apixaban) vs. the warfarin group, after propensity score matching, for

each comparison set are summarized in Supplementary material on-
line, Table S3. The overall median follow-up time was 2.4 years.

Risk of fracture
After propensity score matching, 737 patients in the NOAC cohort
and 1009 patients in the warfarin cohort developed a new hip, verte-
brae, or humerus/forearm/wrist fracture. The NOAC cohort had a
lower cumulative incidence of fracture development than the war-
farin cohort (Gray’s test: P = 0.038) (Take home figure A). The Cox re-
gression models revealed that, compared with warfarin, NOAC was
associated with a lower fracture risk (aHR = 0.84, 95% CI = 0.77–
0.93; P < 0.001) (Table 2). Sub-analyses for each NOAC revealed that
dabigatran (aHR = 0.88, 95% CI = 0.78–0.99; P = 0.027), rivaroxaban
(aHR = 0.81, 95% CI = 0.72–0.90; P < 0.001), and apixaban
(aHR = 0.67, 95% CI = 0.52–0.87; P = 0.003) were all associated with
a reduced fracture risk compared with warfarin (Table 3). The cumu-
lative incidence curves for each NOAC vs. warfarin are shown in
Take home figure B–D. The analyses including eligible patients without
matching revealed similar results (Tables 2 and 3). The proportional
hazard assumption was not violated in any of the head-to-head com-
parisons performed.

Risks of hip, vertebral, and humerus/
forearm/wrist fracture
Compared with warfarin, NOAC was significantly associated with a
lower risk of vertebral fracture (aHR = 0.75, 95% CI = 0.65–0.86;
P < 0.001). The sub-analyses also revealed that all NOACs (dabiga-
tran, rivaroxaban, and apixaban) were associated with a lower risk of
vertebral fracture (Table 4). However, the analyses for hip fracture
revealed that only apixaban was significantly associated with a lower
hip fracture risk (aHR = 0.53, 95% CI = 0.30–0.94; P = 0.029). With
regard to humerus/forearm/wrist fractures, only rivaroxaban was sig-
nificantly associated with lower risk of these fractures (aHR: 0.78,
95% CI = 0.62–0.98; P = 0.030). The detailed statistical results of
these analyses are summarized in Table 4.

Analyses stratified by age and sex
Overall, the risk of fracture was significantly lower in both male and
female patients, among those treated using NOACs compared with
warfarin (Table 5). Patients aged 65–79 years or >_80 years who were
treated using NOACs had significantly lower fracture risks compared
with patients of the same age who used warfarin. The significant asso-
ciation between NOAC use and lower fracture risks was not found
among patients <_64 years of age (Table 5).

Results of sensitivity analyses
Results of our sensitivity analysis A, which was performed after
excluding patients who had rheumatic heart disease or congenital
heart disease, and those who had undergone valve replacement sur-
gery, were consistent with those of our primary analyses
(Supplementary material online, Table S1). The patient baseline char-
acteristics in sensitivity analysis A are shown in Supplementary mater-
ial online, Table S4. The sensitivity analysis B, in which the follow-up
was censored when a patient started another type of OAC, also
revealed similar results (Supplementary material online, Table S1).
The sensitivity analysis C, in which we applied the propensity score
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Table 1 Baseline characteristics of patients with atrial fibrillation who received non-vitamin K antagonist oral anti-
coagulant and warfarin after propensity score matching

NOAC (n 5 9707) Warfarin (n 5 9707) Standardized difference

Age (years)a 72.4 (10.7) 71.3 (11.5) 0.0957

Sex

Male 5749 (59.2) 5714 (58.9) 0.0132

Female 3958 (40.8) 3993 (41.1) 0.0132

Income level (NTD)

Financially dependent 2734 (28.2) 2641 (27.2) 0.0215

15 840–29 999 4460 (46.0) 4415 (45.5) 0.0066

30 000–44 999 1405 (14.5) 1481 (15.3) 0.0202

>_45 000 1108 (11.4) 1170 (12.1) 0.0228

Time from AF diagnosis to OAC prescription (days)b 16.0 (108.0) 16.0 (69.0) 0.0769

Hospital level

Medical centre 3960 (40.8) 3748 (38.6) 0.0366

Regional hospital 4083 (42.1) 4227 (43.6) 0.0212

District hospital or clinics 1664 (17.1) 1732 (17.8) 0.0184

Hospital region

North 4503 (46.4) 4419 (45.5) 0.0176

Central 2145 (22.1) 2205 (22.7) 0.0156

South and Eastern 3059 (31.5) 3083 (31.8) 0.0054

Physician specialty

Cardiologist 6728 (69.3) 6845 (70.5) 0.0184

Neurologist 1646 (17.0) 1397 (14.4) 0.0651

Others 1333 (13.7) 1465 (15.1) 0.0387

CHA2DS2-VASc scorea 2.8 (1.6) 2.7 (1.8) 0.0557

Charlson comorbidity indexa 1.6 (1.7) 1.6 (1.7) 0.0237

Comorbidities

Hypertension 5443 (56.1) 5386 (55.5) 0.0160

Diabetes mellitus 2485 (25.6) 2513 (25.9) 0.0064

Coronary artery disease 2508 (25.8) 2553 (26.3) 0.0121

Congestive heart failure 2551 (26.3) 2758 (28.4) 0.0496

COPD 801 (8.3) 787 (8.1) 0.0004

Chronic kidney disease 652 (6.7) 762 (7.9) 0.0436

Liver cirrhosis 271 (2.8) 286 (3.0) 0.0068

Hyperthyroidism 231 (2.4) 233 (2.4) 0.0021

Hypothyroidism 108 (1.1) 111 (1.1) 0.0000

Dementia 281 (2.9) 269 (2.8) 0.0062

Depression 190 (2.0) 181 (1.9) 0.0053

Parkinsonism 138 (1.4) 136 (1.4) 0.0053

Epilepsy 92 (1.0) 89 (0.9) 0.0011

Stroke 2662 (27.4) 2509 (25.9) 0.0336

Rheumatoid arthritis 40 (0.4) 40 (0.4) 0.0016

Malignancy 561 (5.8) 538 (5.5) 0.0099

Cataract 345 (3.6) 322 (3.3) 0.0130

Osteoporosis 50 (0.5) 65 (0.7) 0.0154

Medication use

Corticosteroids 568 (5.9) 584 (6.0) 0.0113

Diuretics 4107 (42.3) 4346 (44.8) 0.0524

NSAID 2536 (26.1) 2488 (25.6) 0.0073

Statins 3266 (33.7) 3045 (31.4) 0.0464

PPI 1029 (10.6) 1029 (10.6) 0.0050

Antiepileptics 868 (8.9) 871 (9.0) 0.0011

Antiparkinsonian 311 (3.2) 310 (3.2) 0.0029

Continued
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Table 1 Continued

NOAC (n 5 9707) Warfarin (n 5 9707) Standardized difference

Antipsychotics 556 (5.7) 537 (5.5) 0.0041

Anxiolytics 2684 (27.7) 2717 (28.0) 0.0037

Hypnotics and sedatives 1464 (15.1) 1508 (15.5) 0.0043

Antidepressants 886 (9.1) 859 (8.9) 0.0087

Thyroxine 266 (2.7) 268 (2.8) 0.0038

Antithyroid drugs 275 (2.8) 295 (3.0) 0.0106

Antiosteoporotic drugs 86 (0.9) 95 (1.0) 0.0122

Data are expressed as n (%) unless otherwise indicated.
COPD, chronic obstructive pulmonary disease; IQR, interquartile range; NOAC, non-vitamin K antagonist oral anticoagulant; NSAID, non-steroid anti-inflammatory drug;
NTD, New Taiwan Dollar; PPI, proton pump inhibitor; SD, standard deviation.
aValues are expressed as mean (SD).
bValues are expressed as median (IQR).

Take home figure Compared with warfarin, non-vitamin K antagonist oral anticoagulants were associated with a significant decrease in frac-
ture risk among patients with atrial fibrillation. This figure illustrates the estimated cumulative incidences of fractures for (A) non-vitamin K antagonist
oral anticoagulant overall vs. warfarin, (B) dabigatran vs. warfarin, (C) rivaroxaban vs. warfarin, and (D) apixaban vs. warfarin among patients with atrial
fibrillation.
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.
weighting method, also revealed that NOAC use overall and for
rivaroxaban and apixaban was associated with a lower fracture risk;
this significant association was not found in the subgroup comparison
for dabigatran (Supplementary material online, Table S1). Overall, the
sensitivity analyses generated comparable results to our primary
analyses.

Discussion

This nationwide cohort study used real-world data from routine clin-
ical practice. Compared with warfarin, NOAC use was associated
with reduced hip, vertebral, or humerus/forearm/wrist fractures risks

in AF patients. In the sub-analyses for different types of NOAC, asso-
ciations between the use of dabigatran, rivaroxaban, and apixaban
and reduced fractures risks were identified. To date, few studies have
compared NOACs and warfarin in relation to fracture risk; this study
uses a large-scale nationwide cohort to address this knowledge gap.

Although the precise mechanism was not elucidated, some factors
might explain the lower risk of fractures associated with NOACs.
Previous studies’ findings indicate that warfarin interferes with the
processes that contribute to bone formation.10 Warfarin antagonizes
vitamin K-dependent processes and further impairs the c-carboxyl-
ation of osteocalcin and other bone matrix proteins, which play im-
portant roles in bone mineralization 10,11. Conversely, NOACs act
independently of mechanisms associated with vitamin K antagonists
and theoretically do not interfere with bone metabolism. One study’s
findings showed a higher bone volume, reduced trabecular separ-
ation, and lower bone turnover rate in dabigatran-treated rats than in
warfarin-treated rats.13 Another study’s findings demonstrated that
rivaroxaban had positive effects on fracture healing in rats with frac-
tured femurs, with larger calluses and marginal increases in the bone
tissue mineral density in the fracture zones compared with those in
control rats.23 Although such studies have not been conducted on
humans, these results indicate possible positive effects of NOACs on
bone biology. Our study, which found a 12% and 19% decrease in the
fracture risk associated with dabigatran and rivaroxaban treatment,
respectively, compared with warfarin treatment, demonstrated com-
parable results to those generated from previous animal studies.
Additionally, the potential effects of NOACs themselves on bone
health and in relation to the prevention of falls that are unrelated to
warfarin or vitamin K have been described recently.24 Future studies
that evaluate the mechanisms underlying the effects of NOACs on
bone health and fracture risks are warranted.

A retrospective cohort study published in 2017 was the first to
compare an NOAC, dabigatran alone, with warfarin, reporting a sig-
nificantly lower risk of osteoporotic fractures associated with the use
of NOACs among AF patients, with an incidence rate ratio of 0.38.12

This study used a composite of hip and vertebral fractures as the

................................... ...............................

.................................................................................................

Table 2 Risk of developing fractures in patients with
atrial fibrillation treated with non-vitamin K antagonist
oral anticoagulant vs. warfarin

Without propensity

score matching

With propensity

score matching

NOAC Warfarin NOAC Warfarin

Patient number 16 110 12 666 9707 9707

Event number 1259 1209 737 1009

Person-years 33 108 34 417 20 094 25 790

Incidence ratea 38.0 35.1 36.7 39.1

aHRb 0.81 1.00 0.84 1.00

95% CI 0.74–0.88 Ref. 0.77–0.93 Ref.

P value <0.001 <0.001

aHR, adjusted hazard ratio; CI, confidence interval; NOAC, non-vitamin K antag-
onist oral anticoagulant; Ref., reference.
aPer 1000 person-years.
bWithout propensity score matching, the aHR was calculated using multivariable
Cox regression model with adjustments for all baseline characteristics shown in
Table 1, whereas with 1:1 propensity score matching, the aHR was calculated
using Cox regressions with shared frailty model that account for the matching.

................................................................................. ...............................................................................

....................................................................................................................................................................................................................

Table 3 Risk of developing fractures in patients with atrial fibrillation treated with each non-vitamin K antagonist oral
anticoagulant (rivaroxaban, dabigatran, and apixaban) vs. warfarin

Without propensity score matching With propensity score matching

Event

number

IRa aHR (95% CI) P value Event

number

IRa aHR (95% CI) P value

Dabigatran vs. warfarin

Dabigatran 539 39.2 0.90 (0.80–0.99) 0.049 535 39.1 0.88 (0.78–0.99) 0.027

Warfarin 1209 35.1 1.00 (ref.) 660 43.4 1.00 (ref.)

Rivaroxaban vs. warfarin

Rivaroxaban 629 37.9 0.76 (0.68–0.84) <0.001 530 36.9 0.81 (0.72–0.90) <0.001

Warfarin 1209 35.1 1.00 (ref.) 831 43.7 1.00 (ref.)

Apixaban vs. warfarin

Apixaban 91 33.2 0.63 (0.50–0.78) <0.001 89 33.1 0.67 (0.52–0.87) 0.003

Warfarin 1209 35.1 1.00 (ref.) 204 47.1 1.00 (ref.)

aHR, adjusted hazard ratio; CI, confidence interval; IR, incidence rate; NOAC, non-vitamin K antagonist oral anticoagulant; ref., reference.
aPer 1000 person-years.
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..primary outcome. However, due to an insufficient event number and
statistical power, the authors could not investigate hip and vertebral
fractures separately. The authors did suggest that hip and vertebral
fractures should be analysed separately given the possibility of differ-
ent fracture mechanisms because unlike hip fractures, most vertebral
fractures occur without falls.24 Furthermore, that study only eval-
uated dabigatran as a representative NOAC, without analysing other
types of NOACs. Although studies evaluating NOACs and warfarin
in relation to fracture risks were scarce before 2017,12 a recently
published meta-analysis that included several clinical trials that
involved patients with AF, deep vein thrombosis, and pulmonary em-
bolism reported that fracture risk was associated with NOACs and
warfarin.25 Nevertheless, the clinical trials included were not specific-
ally designed to assess fracture risk, and most of the fracture events
were reported as one of many adverse events only in the
ClinicalTrials.gov database.26–37 Of note, the reported incidence and
number of fractures and other events, including osteoporosis,
seemed to be much lower among patients in these trials than in the
general population. Furthermore, the only significant difference iden-
tified between NOAC and warfarin treatment was in relation to the
overall fracture (any fracture) risk, and no difference was reported in
association with any individual fracture risk, for example, hip and ver-
tebral fractures, which are the most important and severe osteopor-
otic fracture events. Additional potential biasing effects included the
relatively low fracture rates reported in the trials, insufficient treat-
ment durations, and inadequate follow-up duration to observe frac-
ture events, which was <_12 months in over half of the trials, and the
trials were not specifically designed to identify fractures.
Furthermore, although the data in ClinicalTrials.gov describe events

that are specific to each fracture site for each trial, the database does
not report the proportions or exact numbers of patients who experi-
enced any fracture (overall fracture) in each trial included in the meta-
analysis25; thus, the number of patients who experienced any fracture
would be overestimated even if that current data already showed a
relatively low fracture rate compared with the real-world rate.

Although randomized controlled trials (RCTs) are considered the
gold standard for evaluating treatment outcomes, the strict entry cri-
teria and controlled conditions under which they are conducted lead
to low generalizability.38 Conversely, studies that use real-world data
can capture a treatment’s characteristics and its safety issues more ef-
fectively, despite the potential effects of confounders.39 Studies based
on real-world evidence reflect the characteristics of actual clinical
practice and can complement RCTs.38,39 Herein, we analysed real-
world data from a nationwide large-scale sample that enabled com-
parisons of each NOAC to warfarin, as well as evaluation of hip and
vertebral fracture risk among AF patients. The sensitivity analyses
also revealed similar results to the findings of our primary analysis.
Our results also showed that the effect size of the reduced fracture
risk varied among the different NOACs. Further studies are needed
to evaluate possible differences in the reduction of the fracture risk
by individual NOACs and the underlying mechanisms.

The finding that NOACs were associated with a lower risk of frac-
ture among AF patients is of clinical importance. Osteoporotic frac-
tures, especially hip and vertebral fractures, are major threats to
older people among whom the incidence is high, and cause significant
morbidity, mortality, and high socioeconomic burdens.5–7 Previous
studies have identified AF itself as a risk factor for osteoporotic frac-
tures.40,41 Among AF patients, many risk factors for osteoporotic

........................................................................... ......................................................................

....................................................................................................................................................................................................................

Table 4 Comparisons for the risk of hip, vertebral, and humerus/forearm/wrist fractures according to the oral anti-
coagulant received

Without propensity score matching With propensity score matching

aHR 95% CI P value aHR 95% CI P value

Hip fracture

Warfarin 1.00 Ref. 1.00 Ref.

NOAC overall 0.89 0.75–1.06 0.195 0.85 0.70–1.04 0.123

Dabigatran 1.00 0.81–1.25 0.972 1.00 0.79–1.26 0.995

Rivaroxaban 0.87 0.70–1.08 0.209 0.89 0.71–1.12 0.323

Apixaban 0.57 0.35–0.93 0.025 0.53 0.30–0.94 0.029

Vertebral fracture

Warfarin 1.00 Ref. 1.00 Ref.

NOAC overall 0.75 0.67–0.85 <0.001 0.75 0.65–0.86 <0.001

Dabigatran 0.82 0.70–0.96 0.012 0.81 0.68–0.95 0.011

Rivaroxaban 0.73 0.63–0.84 <0.001 0.73 0.62–0.85 <0.001

Apixaban 0.55 0.40–0.77 <0.001 0.60 0.41–0.88 0.009

Humerus/forearm/wrist fractures

Warfarin 1.00 Ref. 1.00 Ref.

NOAC overall 0.87 0.73–1.03 0.106 0.88 0.73–1.06 0.190

Dabigatran 0.96 0.78–1.19 0.721 0.96 0.76–1.20 0.694

Rivaroxaban 0.76 0.61–0.95 0.013 0.78 0.62–0.98 0.030

Apixaban 0.86 0.57–1.28 0.452 1.04 0.63–1.74 0.869

aHR, adjusted hazard ratio; CI, confidence interval; NOAC, non-vitamin K antagonist oral anticoagulant; ref., reference.
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.fractures, including old age and previous histories of diabetes mellitus
and stroke, are also risk factors for stroke that requires anticoagulant
treatment.12,42 Thus, AF patients who take anticoagulants should be
considered vulnerable to fractures. Additionally, if fractures occur,
surgical intervention is usually required. The concurrent use of anti-
coagulants usually presents challenges to the perioperative manage-
ment of anticoagulation, and the risks of thromboembolism and
bleeding should be evaluated.43,44 Therefore, strategies for prevent-
ing fractures among AF patients who use anticoagulants are import-
ant, and our study findings suggest that NOACs, including
rivaroxaban, dabigatran, and apixaban, are safer alternatives to war-
farin because of their lower fracture risks among these patients.

A key strength of our study is the large-scale nationwide analysis
with longitudinal follow-up. However, the results should be inter-
preted in the context of the following limitations. First, the study de-
sign was retrospective using an administrative database and lacked
granular data on clinical characteristics, such as smoking and alcohol
history, bone mineral density data, and serum calcium and vitamin D
levels. Possible factors related to the decision of OAC prescription
were also lacking (e.g. physician’s discretion and patient’s preference).
It would be unrealistic to gather such data for an entire national
population. Although we adequately deal with several important con-
founders by regression models and propensity score method, un-
known or unmeasured confounders may still exist and increase the
risk of bias, given the observational, retrospective nature of our study.
Second, we could not confirm patients’ diagnoses by directly evaluat-
ing the study population because of the policy of patient anonymity
within the NHIRD. However, the diagnostic codes for AF, fractures,
and many other diseases, have been validated within Taiwan’s
NHIRD, and these analyses have revealed high levels of accur-
acy.15,45–48 Third, our study only enrolled Taiwanese people, and
whether the results can be extrapolated to other countries or popu-
lations requires further investigation.

Conclusions

This real-world nationwide cohort study revealed that, compared
with warfarin, NOAC use was associated with a lower fracture risk

among AF patients. Sub-analyses of the individual NOACs, namely
dabigatran, rivaroxaban, and apixaban, demonstrated an association
between the use of these NOACs and a lower fracture risk.
Therefore, if OAC treatment is indicated, we suggest that NOACs,
rather than warfarin, should be considered to lower fracture risk.
Further studies are required to investigate the mechanisms underly-
ing the lower fracture risk associated with NOACs and establish
causality.

Supplementary material

Supplementary material is available at European Heart Journal online.

Acknowledgements
The authors thank the Health and Welfare Data Science Center,
Ministry of Health and Welfare, Taiwan, for maintaining and process-
ing the data within the database.

Conflict of interest: none declared.

References
1. Chao TF, Liu CJ, Lin YJ, Chang SL, Lo LW, Hu YF, Tuan TC, Liao JN, Chung FP,

Chen TJ, Lip GYH, Chen SA. Oral anticoagulation in very elderly patients with
atrial fibrillation: a Nationwide Cohort Study. Circulation 2018;138:37–47.

2. Eckman MH, Singer DE, Rosand J, Greenberg SM. Moving the tipping point: the
decision to anticoagulate patients with atrial fibrillation. Circ Cardiovasc Qual
Outcomes 2011;4:14–21.

3. Chao TF, Lip GYH, Lin YJ, Chang SL, Lo LW, Hu YF, Tuan TC, Liao JN, Chung
FP, Chen TJ, Chen SA. Age threshold for the use of non-vitamin K antagonist
oral anticoagulants for stroke prevention in patients with atrial fibrillation:
insights into the optimal assessment of age and incident comorbidities. Eur Heart
J 2019;40:1504–1514.

4. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M,
Diener H-C, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren J,
Popescu BA, Schotten U, Van Putte B, Vardas P, Agewall S, Camm J, Baron
Esquivias G, Budts W, Carerj S, Casselman F, Coca A, De Caterina R, Deftereos
S, Dobrev D, Ferro JM, Filippatos G, Fitzsimons D, Gorenek B, Guenoun M,
Hohnloser SH, Kolh P, Lip GYH, Manolis A, McMurray J, Ponikowski P,
Rosenhek R, Ruschitzka F, Savelieva I, Sharma S, Suwalski P, Tamargo JL, Taylor
CJ, Van Gelder IC, Voors AA, Windecker S, Zamorano JL, Zeppenfeld K. 2016
ESC Guidelines for the management of atrial fibrillation developed in collabor-
ation with EACTS. Eur Heart J 2016;37:2893–2962.

5. Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and the future. Lancet
2011;377:1276–1287.

..................................................................................... ................................................................................

....................................................................................................................................................................................................................

Table 5 Risk of developing fractures in patients receiving non-vitamin K antagonist oral anticoagulants vs. warfarin,
stratified according to age and sex

Without propensity score matching With propensity score matching

aHRa 95% CI P value aHRa 95% CI P value

Sex

Male 0.82 0.71–0.95 0.007 0.78 0.67–0.92 0.003

Female 0.83 0.74–0.93 0.001 0.82 0.72–0.92 0.001

Age (years)

<_64 1.04 0.80–1.37 0.752 0.90 0.67–1.20 0.464

65–79 0.80 0.70–0.91 0.001 0.76 0.65–0.88 <0.001

>_80 0.80 0.70–0.91 0.001 0.81 0.70–0.94 0.006

aHR, adjusted hazard ratio; CI, confidence interval.
aThe aHRs were calculated using patients who received warfarin as the reference group.

8 H.-K. Huang et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehz952/5718429 by U
niversity of C

am
bridge user on 03 February 2020

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz952#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
6. Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality risk

associated with low-trauma osteoporotic fracture and subsequent fracture in
men and women. JAMA 2009;301:513–521.

7. Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures.
Lancet 2002;359:1761–1767.

8. Gage BF, Birman-Deych E, Radford MJ, Nilasena DS, Binder EF. Risk of osteopor-
otic fracture in elderly patients taking warfarin: results from the National
Registry of Atrial Fibrillation 2. Arch Intern Med 2006;166:241–246.

9. Rejnmark L, Vestergaard P, Mosekilde L. Fracture risk in users of oral anticoagu-
lants: a nationwide case-control study. Int J Cardiol 2007;118:338–344.

10. Sugiyama T, Kugimiya F, Kono S, Kim YT, Oda H. Warfarin use and fracture risk:
an evidence-based mechanistic insight. Osteoporos Int 2015;26:1231–1232.

11. Tufano A, Coppola A, Contaldi P, Franchini M, Minno GD. Oral anticoagulant
drugs and the risk of osteoporosis: new anticoagulants better than old? Semin
Thromb Hemost 2015;41:382–388.

12. Lau WC, Chan EW, Cheung CL, Sing CW, Man KK, Lip GY, Siu CW, Lam JK,
Lee AC, Wong IC. Association between dabigatran vs warfarin and risk of osteo-
porotic fractures among patients with nonvalvular atrial fibrillation. JAMA 2017;
317:1151–1158.

13. Fusaro M, Dalle Carbonare L, Dusso A, Arcidiacono MV, Valenti MT, Aghi A,
Pasho S, Gallieni M. Differential effects of dabigatran and warfarin on bone vol-
ume and structure in rats with normal renal function. PLoS One 2015;10:
e0133847.

14. Hsing AW, Ioannidis JP. Nationwide population science: lessons from the Taiwan
National Health Insurance Research Database. JAMA Intern Med 2015;175:
1527–1529.

15. Chang CH, Lee YC, Tsai CT, Chang SN, Chung YH, Lin MS, Lin JW, Lai MS.
Continuation of statin therapy and a decreased risk of atrial fibrillation/flutter in
patients with and without chronic kidney disease. Atherosclerosis 2014;232:
224–230.

16. Lin SM, Wang JH, Liang CC, Huang HK. Statin use is associated with decreased
osteoporosis and fracture risks in stroke patients. J Clin Endocrinol Metab 2018;
103:3439–3448.

17. Huang HK, Lin SM, Loh CH, Wang JH, Liang CC. Association between cataract
and risks of osteoporosis and fracture: a Nationwide Cohort Study. J Am Geriatr
Soc 2019;67:254–260.

18. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis 1987;40:373–383.

19. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratifica-
tion for predicting stroke and thromboembolism in atrial fibrillation using a novel
risk factor-based approach: the Euro Heart Survey on atrial fibrillation. Chest
2010;137:263–272.

20. Pamukcu B, Lip GY, Lane DA. Simplifying stroke risk stratification in atrial fibrilla-
tion patients: implications of the CHA2DS2-VASc risk stratification scores. Age
Ageing 2010;39:533–535.

21. Heinze G, Juni P. An overview of the objectives of and the approaches to pro-
pensity score analyses. Eur Heart J 2011;32:1704–1708.

22. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr, Conti JB,
Ellinor PT, Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG,
Tchou PJ, Tracy CM, Yancy CW. 2014 AHA/ACC/HRS Guideline for the man-
agement of patients with atrial fibrillation: a report of the American College of
Cardiology/American Heart Association Task Force on practice guidelines and
the Heart Rhythm Society. Circulation 2014;130:e199–e267.

23. Kluter T, Weuster M, Bruggemann S, Menzdorf L, Fitschen-Oestern S,
Steubesand N, Acil Y, Pufe T, Varoga D, Seekamp A, Lippross S. Rivaroxaban
does not impair fracture healing in a rat femur fracture model: an experimental
study. BMC Musculoskelet Disord 2015;16:79.

24. Sugiyama T. Osteoporotic fractures associated with dabigatran vs warfarin. JAMA
2017;318:90–91.

25. Gu ZC, Zhou LY, Shen L, Zhang C, Pu J, Lin HW, Liu XY. Non-vitamin K antag-
onist oral anticoagulants vs. warfarin at risk of fractures: a systematic review and
meta-analysis of randomized controlled trials. Front Pharmacol 2018;9:348.

26. Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, Masiukiewicz U,
Pak R, Thompson J, Raskob GE, Weitz JI. Oral apixaban for the treatment of
acute venous thromboembolism. N Engl J Med 2013;369:799–808.

27. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J,
Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R,
Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin L. Dabigatran versus war-
farin in patients with atrial fibrillation. N Engl J Med 2009;361:1139–1151.

28. Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS,
Lensing AW, Misselwitz F, Prins MH, Raskob GE, Segers A, Verhamme P, Wells
P, Agnelli G, Bounameaux H, Cohen A, Davidson BL, Piovella F, Schellong S;
EINSTEIN Investigators. Oral rivaroxaban for symptomatic venous thrombo-
embolism. N Engl J Med 2010;363:2499–2510.

29. Buller HR, Prins MH, Lensin AW, Decousus H, Jacobson BF, Minar E, Chlumsky
J, Verhamme P, Wells P, Agnelli G, Cohen A, Berkowitz SD, Bounameaux H,
Davidson BL, Misselwitz F, Gallus AS, Raskob GE, Schellong S, Segers A. Oral
rivaroxaban for the treatment of symptomatic pulmonary embolism. N Engl J
Med 2012;366:1287–1297.

30. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo
AL, Ezekowitz MD, Weitz JI, Spinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher
J, Shi M, Grip LT, Patel SP, Patel I, Hanyok JJ, Mercuri M, Antman EM. Edoxaban
versus warfarin in patients with atrial fibrillation. N Engl J Med 2013;369:
2093–2104.

31. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, Al-
Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD, Ezekowitz
JA, Flaker G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo
AG, Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL,
Pais P, Parkhomenko A, Verheugt FW, Zhu J, Wallentin L. Apixaban versus war-
farin in patients with atrial fibrillation. N Engl J Med 2011;365:981–992.

32. Buller HR, Decousus H, Grosso MA, Mercuri M, Middeldorp S, Prins MH,
Raskob GE, Schellong SM, Schwocho L, Segers A, Shi M, Verhamme P, Wells P.
Edoxaban versus warfarin for the treatment of symptomatic venous thrombo-
embolism. N Engl J Med 2013;369:1406–1415.

33. Hori M, Matsumoto M, Tanahashi N, Momomura S, Uchiyama S, Goto S, Izumi
T, Koretsune Y, Kajikawa M, Kato M, Ueda H, Iwamoto K, Tajiri M; on behalf of
the J-ROCKET AF Study Investigators. Rivaroxaban vs. warfarin in Japanese
patients with atrial fibrillation—the J-ROCKET AF study. Circ J 2012;76:
2104–2111.

34. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G,
Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkowitz
SD, Fox KA, Califf RM; the ROCKET AF Steering Committee. Rivaroxaban ver-
sus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011;365:883–891.

35. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, Baanstra
D, Schnee J, Goldhaber SZ. Dabigatran versus warfarin in the treatment of acute
venous thromboembolism. N Engl J Med 2009;361:2342–2352.

36. Schulman S, Kearon C, Kakkar AK, Schellong S, Eriksson H, Baanstra D, Kvamme
AM, Friedman J, Mismetti P, Goldhaber SZ. Extended use of dabigatran, warfarin,
or placebo in venous thromboembolism. N Engl J Med 2013;368:709–718.

37. Schulman S, Kakkar AK, Goldhaber SZ, Schellong S, Eriksson H, Mismetti P,
Christiansen AV, Friedman J, Le Maulf F, Peter N, Kearon C. Treatment of acute
venous thromboembolism with dabigatran or warfarin and pooled analysis.
Circulation 2014;129:764–772.

38. Saturni S, Bellini F, Braido F, Paggiaro P, Sanduzzi A, Scichilone N, Santus PA,
Morandi L, Papi A. Randomized controlled trials and real life studies. Approaches
and methodologies: a clinical point of view. Pulm Pharmacol Ther 2014;27:
129–138.

39. Monti S, Grosso V, Todoerti M, Caporali R. Randomized controlled trials and
real-world data: differences and similarities to untangle literature data.
Rheumatology 2018;57:vii54–vii58.

40. Wong CX, Gan SW, Lee SW, Gallagher C, Kinnear NJ, Lau DH, Mahajan R,
Roberts-Thomson KC, Sanders P. Atrial fibrillation and risk of hip fracture: a
population-based analysis of 113,600 individuals. Int J Cardiol 2017;243:229–232.

41. Kim D, Yang PS, Kim TH, Uhm JS, Park J, Pak HN, Lee MH, Joung B. Effect of
atrial fibrillation on the incidence and outcome of osteoporotic fracture—a na-
tionwide population-based study. Circ J 2018;82:1999–2006.

42. Hippisley-Cox J, Coupland C. Predicting risk of osteoporotic fracture in men and
women in England and Wales: prospective derivation and validation of
QFractureScores. BMJ 2009;339:b4229.

43. Kaatz S, Mahan CE, Nakhle A, Gunasekaran K, Ali M, Lavender R, Paje DG.
Management of elective surgery and emergent bleeding with direct oral anticoa-
gulants. Curr Cardiol Rep 2017;19:124.

44. Croci DM, Dalolio M, Guzman R, Mariani L, Schaeren S, Kamenova M, Soleman
J. Direct oral anticoagulants in patients undergoing spine surgery. World
Neurosurg 2019;125:e1034–e1041.

45. Wang WJ, Chao CT, Huang YC, Wang CY, Chang CH, Huang TM, Lai CF,
Huang HY, Shiao CC, Chu TS, Chen YM, Wu VC, Ko WJ, Wu KD; the National
Taiwan University Study Group on Acute Renal Failure. The impact of acute kid-
ney injury with temporary dialysis on the risk of fracture. J Bone Miner Res 2014;
29:676–684.

46. Hsieh CY, Chen CH, Li CY, Lai ML. Validating the diagnosis of acute ischemic
stroke in a National Health Insurance claims database. J Formos Med Assoc 2015;
114:254–259.

47. Yi-Fong Su V, Yang KY, Yang YH, Tsai YH, Perng DW, Su WJ, Chou KT, Su KC,
Yen YF, Chen PC. Use of ICS/LABA combinations or LAMA is associated with a
lower risk of acute exacerbation in patients with coexistent COPD and asthma.
J Allergy Clin Immunol Pract 2018;6:1927–1935.e3.

48. Cheng CL, Lee CH, Chen PS, Li YH, Lin SJ, Yang YH. Validation of acute myocar-
dial infarction cases in the national health insurance research database in Taiwan.
J Epidemiol 2014;24:500–507.

Fracture risks among patients with AF receiving different OACs 9
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehz952/5718429 by U
niversity of C

am
bridge user on 03 February 2020


	ehz952-TF1
	ehz952-TF2
	ehz952-TF3
	ehz952-TF4
	ehz952-TF5
	ehz952-TF6
	ehz952-TF7
	ehz952-TF8
	ehz952-TF9
	ehz952-TF10
	ehz952-TF11
	ehz952-TF12

