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Aims: Evidence on the association between the risk of new-onset osteoporosis
and oral anticoagulants remains controversial. We aimed to compare the risk of
osteoporosis associated with the use of direct oral anticoagulants (DOACs) with
that associated with warfarin use.

Methods: Studies published up to 15 March 2023 that investigated the
association between the use of DOACs and warfarin and the incidence of
osteoporosis were identified by online searches in PubMed, Embase, the
Cochrane Library, and Web of Science conducted by two independent
investigators. Random-effects or fixed-effect models were employed to
synthesize hazard ratios (HRs)/relative ratios (RRs) with 95% confidence
intervals (Cls) for estimating the risk of osteoporosis correlated with DOAC and
warfarin prescriptions (PROSPERO No. CRD42023401199).

Results: Our meta-analysis ultimately included four studies involving 74,338
patients. The results suggested that DOAC use was associated with a significantly
lower incidence of new-onset osteoporosis than warfarin use (pooled HR: 0.71,
95% Cl: 0.57 to 0.88, p < 0.001, /%: 85.1%). Subanalyses revealed that rivaroxaban
was associated with a lower risk of osteoporosis than both warfarin and
dabigatran. In addition, DOACs were associated with a lower risk of developing
osteoporosis than warfarin in both male and female patients, in patients with
atrial fibrillation (AF), and in patients who underwent therapy for > 365 days.

Conclusion: DOAC users experienced a lower incidence of osteoporosis than
warfarin users. This study may give us insight into safe anticoagulation strategies
for patients who are at high risk of developing osteoporosis.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO,
identifier CRD42023401199.
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Introduction

Warfarin, a vitamin K antagonist, is a traditional oral anticoagulant
that has been used in many situations for the prevention or treatment
of thromboembolic diseases or events. Warfarin can produce an
anticoagulant effect by inhibiting the y-carboxylation of coagulation
factors II, VII, IX, and X (1). Studies have reported that there is a
correlation between warfarin and hypocarboxylated osteocalcin, which
is associated with low bone mineral density (BMD) (2, 3). Moreover,
several studies indicate that long-term warfarin use is associated with
reduced BMD and increased risk of developing osteoporosis and
osteoporotic fractures (4-7). However, no significant association
between warfarin use and osteoporosis has been identified in other
studies (8, 9). Recently, direct oral anticoagulant (DOAC) therapy has
been considerably expanded for clinical use, especially for the
prevention of embolic phenomena in patients with atrial fibrillation
(AF) (10, 11) and the treatment and prevention of venous thrombosis
and pulmonary thromboembolism (12, 13). DOACs are non-vitamin
K antagonists and include factor Xa inhibitors (apixaban and
rivaroxaban) and thrombin inhibitors (dabigatran). The efficacy of
DOAC: has been described as equal or superior to that of warfarin, and
patients receiving DOACs have required less anticoagulant monitoring
(14-16). Moreover, many studies have demonstrated that DOAC users
have a lower risk of developing osteoporosis than warfarin users (17-
19). Nalevaiko et al. (20) recently indicated that patients using warfarin
had a lower BMD and more degraded bone microarchitecture than
patients using DOACs. In addition, it was reported that DOACs were
associated with a significantly lower risk of osteoporotic fractures than
warfarin use (17, 21). Our previous study suggested that the use of
DOAC:s generated a lower risk of experiencing fractures than the use of
warfarin in AF patients, particularly those with a history of osteoporosis
(22). However, Lucenteforte et al. found no significant difference
between the association of osteoporotic fractures with DOACs and
their association with warfarin (23).

As oral anticoagulants are commonly prescribed for older
patients who are vulnerable to thromboembolic events, the
possible risks of osteoporosis constitute a vital clinical issue.
Therefore, we conducted a meta-analysis to determine the
correlation of DOACs vs. warfarin with the risk of osteoporosis
by pooling the data from the included observational studies. These
studies may indicate preferable anticoagulation strategies for
patients at high risk of developing osteoporosis.

Methods

The meta-analysis and systematic review were carried out in
accordance with the PRISMA guidelines (24) and the MOOSE
statements (Supplementary Table 1) (25). The meta-analysis was
registered at the PROSPERO website (https://www.crd.york.ac.uk/
PROSPERO/; CRD42023401199).

Literature search strategy

Two investigators (YML and XPX) searched PubMed, Embase,
Web of Science, and the Cochrane Library databases for eligible
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studies published before 15 March 2023. The search items included
“osteoporosis”, “bone mineral density”, “direct oral anticoagulant”,
“non-vitamin K antagonist”, “vitamin K antagonist”, and
“warfarin”. The detailed search strategies are presented in
Supplementary Table 2. The reference lists of all included studies
and relevant reviews were also screened to identify additional
studies. In addition, unpublished articles were identified from the
ClinicalTrials.gov website, gray literature, and through consultation

with experts in the field.

Study selection criteria

Studies were included if they fulfilled the following inclusion
criteria: (1) patients had been prescribed a DOAC or warfarin for
the first time; (2) the study aimed to evaluate the association
between the risk of developing osteoporosis and DOAC use
compared with warfarin use; (3) the study provided sufficient data
to pool the results, such as hazard ratios (HRs) or relative risks
(RRs) with 95% confidence intervals (CIs); and (4) the study design
was an observational study. Patients who initiated osteoporosis
medication were also considered to have osteoporosis. The
exclusion criteria were as follows: (1) duplicate reports; (2) case
reports, editorials, reviews, and meta-analyses; and (3) animal or
molecular biology studies.

Two investigators (YML and XPX) independently screened the
articles by the titles and abstracts. Subsequently, the full texts were
obtained to identify eligible studies. Disagreements were resolved by
extensive discussion or consultation when necessary.

Data extraction and quality assessment

The data were extracted using a standardized table. The
collected data included the first author, year of publication,
region, number of patients, study period, study participants, and
study outcomes. For outcome data, the HRs or RRs with 95% CIs
were extracted to synthesize the results. Two investigators (YML
and XPX) independently conducted the extraction process.
Discrepancies were resolved by discussion. Consultation with a
third reviewer (TCY) was sought when necessary. Furthermore, we
evaluated the quality of the included observational studies using the
Newcastle-Ottawa Scale (NOS) (26). Studies with a score of eight or
more were regarded as being of high quality (27).

Data synthesis and statistical analysis

For the primary analysis, the risk of developing osteoporosis in
DOAC users was compared with that in warfarin users. HRs or RRs
with corresponding 95% ClIs were collected to calculate pooled
outcomes. Pooled HRs/RRs were presented for estimation in this
meta-analysis. Heterogeneity was assessed by using the Q statistic
and the I* statistic. Values of p < 0.05 and I* > 50% indicated
significant heterogeneity across the included studies. Subsequently,
random-effects models were employed to pool the results of HRs or
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RRs and corresponding 95% CIs for osteoporosis when
heterogeneity was statistically significant. Fixed-effect models were
used when heterogeneity was not statistically significant.
Furthermore, we conducted subgroup meta-analyses based on
individual DOACs, comparisons among each DOAC, gender,
duration of therapy, and patients with AF or an unspecified
condition. In addition, sensitivity analyses were performed to test
whether or not the included studies had a high risk of bias and to
examine the robustness of the results by removing individual
studies. Publication bias was assessed using a funnel plot, Begg’s
rank correlation, and Egger’s weighted regression methods. A two-
tailed p < 0.05 was considered statistically significant. All analyses
were conducted using STATA software, version 12.0 (StataCorp,
TX, USA).

Results
Literature search

The database search identified 1,046 potentially relevant articles
(Supplementary Table 2). A total of 98 duplicate articles were removed
and 924 articles were excluded after their titles and abstracts were
scanned. Subsequently, we selected the remaining potentially eligible 24
articles for full-text review, and eventually determined that four studies
tulfilled the inclusion criteria; these were included in this meta-analysis
(17-19, 28). The article search and selection process is summarized in
the literature flow diagram (Figure 1).

Study characteristics

There were four studies included in our meta-analysis (17-19, 28).
Detailed study characteristics are provided in Table 1. These four
studies were retrospective observational studies and the study duration
ranged from 4 to 8 years. This meta-analysis involved 74,338 patients
who had been prescribed DOACs or warfarin for the first time. Among
these participants, 3,017 developed osteoporosis, of whom 1,741 were
DOAC users (3.7%) and 1,276 were warfarin users (4.9%)
(Supplementary Table 3). The baseline characteristics of the
participants in each study are summarized in Table 2. The average
age of these patients was over 70 years. According to the NOS
guidelines, these four studies had NOS scores between eight and
nine, indicating high quality (Supplementary Table 4).

Meta—analysis results

There were four studies involving a total of 74,338 patients
included in the data analyses. The pooled results indicated that
DOAC use was associated with a significantly lower risk of new-
onset osteoporosis than warfarin use (pooled HR: 0.71, 95% CI: 0.57
to 0.88, p < 0.001, I 85.1%; Figure 2). This result was based on a
random effects model because the heterogeneity between studies
was significant.
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Subgroup analyses

Subanalyses for individual DOACs vs. warfarin

In the subanalyses comparing each DOAC with warfarin, the
results showed that rivaroxaban users tended to have a lower risk of
new-onset osteoporosis than warfarin users (pooled HR: 0.74, 95%
CI: 0.48 t0 0.80, p < 0.001, I 0.0%). However, there was no significant
difference in the risk of osteoporosis associated with apixaban and
dabigatran compared with that associated with warfarin (Table 3).

Subanalyses for comparison between individual
DOAC

Two studies (18, 28) reported the risk of osteoporosis associated
with each individual DOAC, and the combined results showed that
in AF patients, there was a lower risk of new-onset osteoporosis
associated with rivaroxaban than with dabigatran (pooled HR: 0.74,
95% CI: 0.56 to 0.96, p = 0.03, I 74.5%). In AF patients, neither
dabigatran nor rivaroxaban use was significantly associated with the
risk of developing osteoporosis compared with apixaban (Table 3).

Subanalyses for gender and the duration of
therapy

Two studies (18, 19) compared the risk of osteoporosis between
DOAC and warfarin in both male and female users. For the overall
comparison between DOACs and warfarin, the combined results
indicated that the risk of developing osteoporosis decreased in
patients prescribed DOACs compared with those prescribed warfarin,
regardless of gender (pooled HR: 0.80, 95% CI: 0.72 to 0.89, p < 0.001, I*
0.00% for male patients, and pooled HR: 0.80, 95% CI: 0.74 to 0.87, p <
0.001, I*: 0.0% for female patients; Table 3). In addition, in the analyses
stratified by treatment duration, DOACs were associated with a lower
risk of osteoporosis than warfarin in patients who had used the
medication for more than 1 year (duration of therapy > 365 days).

Patient subanalyses

Only patients with non-valvular AF participated in three studies
(17, 18, 28), and patients” disease statuses were not clearly stated in one
study (19). The results indicated that DOACs were associated with a
lower risk of new-onset osteoporosis than warfarin in patients with non-
valvular AF (HR: 0.80, 95% CI: 0.75 to 0.85, p < 0.001, % 0.0%; Table 3).

Sensitivity analysis and publication bias

After removing one study at a time in the sensitivity analyses, the
risk of new-onset osteoporosis for DOAC users vs. warfarin users
appeared to be stable and robust (Supplementary Table 5;
Supplementary Figure 1). In this meta-analysis, there was no
obvious publication bias based on the funnel plots (Supplementary
Figure 2), Begg’s test (p = 0.50), or Egger’s test (p = 0.53).

Discussion

This meta-analysis based on four observational studies
indicated that patients prescribed DOACs were at a significantly
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FIGURE 1
Flow diagram of study selection.

TABLE 1 Characteristics of the four included studies.

Author  Region Sample Source of Study Study Exposure/ Outcome  Measures
(year) size data design (S) population comparison = (O)
(P) (/C)

Binding Denmark 37,350 The Danish 2013- Retrospective Patients with AF | DOAC vs. VKA Initiation of aHR
et al. National Patient = 2017 cohort study treated with osteoporosis
(2019) Register OACs medication
(17)
Huang Taiwan 17,008 Taiwan’s 2012- Retrospective | Patients with AF | DOAC vs. Newly aHR
et al. after National Health 2016 cohort study treated with warfarin recorded
(2020) matching* Insurance OACs osteoporosis
(18) Research

Database
Patil et al. USA 1,886 after Salem Veterans 2012- Retrospective Veteran patients =~ DOAC vs. New-onset aHR
(2021) matching* Affairs Medical 2020 single-center treated with warfarin osteoporosis
(19) Center cohort study OACs

(SVAMC)
Bezabhe Australia 18,454 Medicinelnsight 2013- Retrospective Patients with AF | DOAC vs. Newly aHR
et al. after program 2018 cohort study treated with warfarin recorded
(2022) matching OACs osteoporosis
(28)

AF, atrial fibrillation; DOAC, direct oral anticoagulant; OACs, oral anticoagulants; VKA, vitamin K antagonist; aHR, adjusted hazard ratio.
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Study

Binding et al. (2019)

Huang et al. (2020)

Patil et al. (2021)

Bezabhe at al. (2022)

Overall (I-squared = 85.1%, p = 0.000)

NOTE: Weights are from random effects analysis

<>*H

10.3389/fendo.2023.1212570

HR (35% CI) Weight
0.82(0.71, 0.95) 2973
0.82(0.68, 0.97) 21.88
020 (0.11,037) 9.14
0.79 (0.74, 0.85) 228
0.71(0.57. 0.88) 100.00

T
3

FIGURE 2

Risk of osteoporosis associated with all DOACs vs. warfarin. HR, hazard ratio; Cl, confidence interval; DOACs, direct oral anticoagulants.

lower risk of experiencing new-onset osteoporosis than those
prescribed warfarin. This meta-analysis was based on significant
heterogeneity (I*: 85.1%). In addition, the subanalyses for each
DOAC vs. warfarin revealed that rivaroxaban use was associated
with a significantly lower risk of new-onset osteoporosis than
warfarin and dabigatran use. In addition, DOACs tended to be
associated with a lower risk of new-onset osteoporosis than warfarin
in both male and female patients and in patients with non-valvular
AF. Among patients treated for more than 365 days, the association
between DOAC use and a lower incidence of osteoporosis appeared
to be stronger than that between warfarin use and a lower incidence
of osteoporosis.

Several reasons may explain why the risk of developing
osteoporosis is lower in patients prescribed DOACs than in those
prescribed warfarin. Three typical vitamin K-dependent proteins,
namely osteocalcin, matrix Gla protein, and growth arrest-specific
protein, are closely related to the maintenance of bone strength (29).
Considering that vitamin K is essential for the y-carboxylation of
these proteins, warfarin could control the functions of these
proteins and subsequently lead to low BMD and osteoporosis
(30). Moreover, long-term warfarin exposure at clinically relevant
doses was found to increase osteoclast numbers and decrease the
numbers and activity levels of osteoblasts (31). In contrast, given
that DOACs are oral anticoagulants based on vitamin K-
independent processes, they theoretically have a lesser effect on
bone health. An in vivo study demonstrated that patients in the
dabigatran-treated group had an increased bone volume and
decreased trabecular separation compared to those in the
warfarin-treated group (32). In addition, an experimental study
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indicated that rivaroxaban treatment did not impair femur fracture
healing in a rat model (33), and Gigi et al. (34) revealed that
rivaroxaban inhibited osteoblast metabolism. These studies revealed
that DOACs may have a protective effect on bone health.
Accordingly, the risk of developing osteoporosis may decrease in
DOAC users compared with warfarin users.

Recently, a cross-sectional study showed that lower BMDs and
trabecular bone scores (TBSs) were seen in patients on
anticoagulants than in those not on anticoagulants, which was
more pronounced with warfarin use than DOACs. This
conclusion was inconsistent with the findings of a study of two
retrospective cohorts conducted by Bezabhe et al. (35). In addition,
a study using multi-methodological data mining demonstrated an
association between warfarin use (but not DOACs) and
osteoporosis, regardless of gender differences (36). As we
mentioned previously, long-term warfarin use may have a
negative effect on BMD (4-7). Our pooled results revealed that, in
patients who had received anticoagulants for more than 365 days,
there was a lower incidence of osteoporosis in those who used
DOAC:s than in those who used warfarin. Despite the patients in
their study having a therapy duration of over 548 days, the
conclusions of Bezabhe et al. (28) were consistent with ours.
There are also many studies showing a significant association
between DOAC use and a lower risk of developing fractures in
AF patients than between fractures in AF patients and warfarin use.
The primary outcomes included all clinical and hospitalized
fractures. For instance, Lau et al. concluded that the use of
dabigatran compared with warfarin was associated with a lower
risk of osteoporotic fractures in patients with AF (36). Recently, a
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TABLE 2 Characteristics of participants in the included studies.

10.3389/fendo.2023.1212570

Bindi(ng)etal. Bezabhe et al. () Huang etal. { ) Patilan(d I-)lobson,
DOAC VKA Dabigatran = Rivaroxaban Apixaban = Warfarin NOAC Warfarin DOAC  Warfarin
Participants 25,182 12,168 1,714 5,871 5,248 5,621 8,504 8,504 943 943
e R P vl o
Female subjects (%) 44.1 38.2 38.7 37.2 42.1 39.8 41.2 40.3 ( 19;;’) ( 29 z;)
:if:ﬁii;vlec) NA NA 3.7+17 34+17 3.7+ 17 41'3; 2'1‘?' 25+ 1.7 3f:; 31'.962;
Comorbidities or medical conditions, n (%)
Hypertension NA NA 1,258 (73.4) 4,122 (70.2) ?7’;800) ?7’?900) (67’:605) (67’3749) ( 8&‘;5%39) ( 886187 1)
Disbetes mellis S T sz essy 1smera) 2O S MR sy
G mawo swoen | ST A el e mo
Hetfire () Gy 8@ asee Gl G000 Gy @9 | G0
o 40010 o smuse OB e me o ms
com B MM sy wase P 2 wmooam w o
Medication use, n (%)
Corticosteroids 1(;5;)2 (76?;) NA NA NA NA éif) 451 (5.3) ( 8?4(1)8) 81 (8.59)
NSADs Gl ey SOOI 20060 G Gl G e Guon | Gae
NS ey ey Wh e e we o
Chbten. | NA | NA o emean 2s@e OF Gh @y 109 G o

COPD, chronic obstructive pulmonary disease; DOAC, direct oral anticoagulant; NOAC, novel oral anticoagulant; NSAIDs, non-steroidal anti-inflammatory drugs; VKA, vitamin K antagonist.
CHA2DS2-VASc, congestive heart failure, hypertension, age 275, diabetes mellitus, prior stroke or transient ischemic attack, vascular disease, age 65-74, female.

meta-analysis conducted by Huang et al. indicated that DOAC
users tended to have a lower incidence of hip fractures than
warfarin users (37). Our previous meta-analysis also suggested
that, among AF patients, DOAC users experienced a lower risk of
fracture than warfarin users, especially among those patients with a
history of osteoporosis (22). We included a recent study and
conducted a meta-analysis to compare the risk of new-onset
osteoporosis between DOACs and warfarin for the first time.
Although our results showed that the incidence of osteoporosis in
DOAC users was lower than that in warfarin users, the
administration of DOACs or warfarin in elderly patients should
generally be based on the risk of ischemic stroke, bleeding status,
and affordability rather than the risk of osteoporosis. Therefore,
patients taking oral anticoagulants need physical exercise, vitamin
D supplements, and calcium supplements to protect against
osteoporosis and osteoporotic fractures (38).
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This meta-analysis has several strengths. First, we included
observational studies that involved a large number of participants
and compared the risk of developing osteoporosis in patients
receiving DOACs with that in those receiving warfarin based on
pooled data. In addition, we analyzed the risk of osteoporosis
associated with each DOAC compared with that associated with
warfarin. Second, the studies included in this meta-analysis had a
relatively long study duration for the emergence of osteoporosis.

This meta-analysis has several limitations. First, due to
unmeasured confounders, observational studies are prone to bias.
Although sophisticated analysis methods, such as propensity score
matching, were employed in the included studies, unmeasured
confounders remained. Second, the included observational studies
were based on routinely collected electronic health records that
were not designed to study osteoporosis, which may have resulted
in misclassification bias in the outcomes. For example, BMD data
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TABLE 3 Subgroup meta-analyses for the risk of osteoporosis in patients treated with different oral anticoagulants.

Factors for subgroup analysis Number of studies

Individual DOAC vs. warfarin

Pooled HR (95% Cl)

p-value Heterogeneity

d 12 index

X p-value

Apixaban vs. warfarin 2 (18, 28) 0.57 (0.29 to 1.15) 0.12 6.39 0.01 84.30%
Dabigatran vs. warfarin 2 (18, 28) 0.92 (0.83 to 1.03) 0.14 1.91 0.17 47.70%
Rivaroxaban vs. warfarin 2 (18, 28) 0.74 (0.48 to 0.80) <0.001 0.74 0.39 0.00%
Comparison between specific DOACs

Apixaban vs. dabigatran 2 (18, 28) 0.61 (0.28 to 1.33) 0.21 7.36 <0.01 86.40%
Apixaban vs. rivaroxaban 2 (18, 28) 1.03 (0.91 to 1.15) 0.66 1.26 0.26 20.80%
Rivaroxaban vs. dabigatran 2 (18, 28) 0.74 (0.56 to 0.96) 0.03 3.92 0.05 74.50%
Gender

Male subjects

DOAC vs. warfarin 2 (18, 19) 0.80 (0.72 to 0.89) <0.001 0.36 0.55 ‘ 0.00%
Female subjects

DOAC vs. warfarin 2 (18, 19) 0.80 (0.74 to 0.87) <0.001 0.01 0.92 ‘ 0.00%
Duration of therapy (days)

>365 2 (18, 19) 0.65 (0.50 to 0.85) <0.001 3.33 0.07 85.10%
<365 - - - - - -
Patients included

Atrial fibrillation 3 (17, 18, 28) 0.80 (0.75 to 0.85) <0.001 0.31 0.86 0.00%
Not specified 1(19) 0.39 (0.24 to 0.65) <0.001 - - -

CI, confidence interval; DOAC, direct oral anticoagulant; HR, hazard ratio.

The meaning of the bold values can default to being a positive result. Both HR and the corresponding 95% confidence interval (95%CI) are less than 1.

were not available for baseline characteristics in all studies. Finally, a
high degree of heterogeneity exists in this meta-analysis, which may
limit the findings. Our subanalyses indicated that an individual
DOAC could potentially contribute to heterogeneity. Therefore, our
results cannot completely determine causality in the association
between DOACs or warfarin and the risk of osteoporosis, and this
conclusion should be interpreted with caution.

Conclusion

This meta-analysis demonstrated that new DOAC users
experienced a lower incidence of osteoporosis than warfarin users.
Among all the oral anticoagulants, rivaroxaban was associated with a
lower risk of osteoporosis than both warfarin and dabigatran. In
addition, DOAC use was significantly associated with a lower risk of
osteoporosis than warfarin use in both male and female patients, and
in patients with non-valvular AF. Further randomized controlled
trials are needed to determine the comparative risk of osteoporosis for
different DOACs and warfarin to provide safe anticoagulation
options for patients with risk factors for osteoporosis.

Frontiers in Endocrinology

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

YL designed the study, conducted statistical analysis of the data,
and drafted the manuscript. XX, SB, QZ, QS, and YS contributed to
the writing and discussed the manuscript. TY provided critical
suggestions and contributed significantly to the revision of the
manuscript. All authors contributed to the article and approved
the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (grant number 31970090).

07 frontiersin.org


https://doi.org/10.3389/fendo.2023.1212570
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Tew BY, Hong TB, Otto-Duessel M, Elix C, Castro E, He M, et al. Vitamin K
epoxide reductase regulation of androgen receptor activity. Oncotarget (2017) 8
(8):13818-31. doi: 10.18632/oncotarget.14639

2. Sugiyama T, Kugimiya F, Kono S, Kim YT, Oda H. Warfarin use and fracture risk:
an evidence-based mechanistic insight. Osteoporos Int (2015) 26(3):1231-2.
doi: 10.1007/s00198-014-2912-1

3. Rubinacci A. Expanding the functional spectrum of vitamin K in bone. Focus on:
"Vitamin K promotes mineralization, osteoblast to osteocyte transition, and an anti-
catabolic phenotype by {gamma}-carboxylation-dependent and -independent
mechanisms". Am ] Physiol Cell Physiol (2009) 297(6):C1336-8. doi: 10.1152/
ajpcell.00452.2009

4. Marques JVO, Nalevaiko JZ, Oliveira MF, Raetsch AWP, Marques GL, Petterle
RR, et al. Trabecular bone score (TBS) and bone mineral density in patients with long-
term therapy with warfarin. Arch Osteoporos (2020) 15(1):102. doi: 10.1007/s11657-
020-00770-z

5. Rezaieyazdi Z, Falsoleiman H, Khajehdaluee M, Saghafi M, Mokhtari-Amirmajdi
E. Reduced bone density in patients on long-term warfarin. Int ] Rheum Dis (2009) 12
(2):130-5. doi: 10.1111/§.1756-185X.2009.01395.x

6. Gage BF, Birman-Deych E, Radford MJ, Nilasena DS, Binder EF. Risk of
osteoporotic fracture in elderly patients taking warfarin: Results from the National
Registry of Atrial Fibrillation 2. Arch Intern Med (2006) 166(2):241-6. doi: 10.1001/
archinte.166.2.241

7. Barnes C, Newall F, Ignjatovic V, Wong P, Cameron F, Jones G, et al. Reduced
bone density in children on long-term warfarin. Pediatr Res (2005) 57(4):578-81.
doi: 10.1203/01.PDR.0000155943.07244.04

8. Woo C, Chang LL, Ewing SK, Bauer DC, Osteoporotic Fractures in Men Study G.
Single-point assessment of warfarin use and risk of osteoporosis in elderly men. ] Am
Geriatr Soc (2008) 56(7):1171-6. doi: 10.1111/j.1532-5415.2008.01786.x

9. Jamal SA, Browner WS, Bauer DC, Cummings SR. Warfarin use and risk for
osteoporosis in elderly women. Study of osteoporotic fractures research group. Ann
Intern Med (1998) 128(10):829-32. doi: 10.7326/0003-4819-128-10-199805150-00006

10. Huisman MV, Rothman KJ, Paquette M, Teutsch C, Diener HC, Dubner SJ, et al.
The changing landscape for stroke prevention in AF: Findings from the GLORIA-AF
registry phase 2. ] Am Coll Cardiol (2017) 69(7):777-85. doi: 10.1016/j.jacc.2016.11.061

11. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr, et al.
2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the
management of patients with atrial fibrillation: A report of the American College of
Cardiology/American heart association task force on clinical practice guidelines and
the heart rhythm society in collaboration with the society of thoracic surgeons.
Circulation (2019) 140(2):e125-51. doi: 10.1161/CIR.0000000000000665

12. Raskob GE, Angchaisuksiri P, Blanco AN, Buller H, Gallus A, Hunt BJ, et al.
Thrombosis: A major contributor to global disease burden. Arterioscler Thromb Vasc
Biol (2014) 34(11):2363-71. doi: 10.1161/ATVBAHA.114.304488

13. Middeldorp S, Prins MH, Hutten BA. Duration of treatment with vitamin K
antagonists in symptomatic venous thromboembolism. Cochrane Database Syst Rev
(2014) 2014(8):CD001367. doi: 10.1002/14651858.CD001367.pub3

14. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus warfarin in patients with atrial fibrillation. N Engl ] Med (2009) 361
(12):1139-51. doi: 10.1056/NEJM0a0905561

15. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, et al.
Apixaban versus warfarin in patients with atrial fibrillation. N Engl ] Med (2011) 365
(11):981-92. doi: 10.1056/NEJMo0al107039

16. Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S, et al.
Apixaban in patients with atrial fibrillation. N Engl ] Med (2011) 364(9):806-17.
doi: 10.1056/NEJMoal007432

Frontiers in Endocrinology

10.3389/fendo.2023.1212570

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1212570/
full#supplementary-material

17. Binding C, Bjerring Olesen ], Abrahamsen B, Staerk L, Gislason G, Nissen Bonde
A. Osteoporotic fractures in patients with atrial fibrillation treated with conventional
versus direct anticoagulants. ] Am Coll Cardiol (2019) 74(17):2150-8. doi: 10.1016/
jjacc.2019.08.1025

18. Huang HK, Liu PP, Hsu JY, Lin SM, Peng CC, Wang JH, et al. Risk of
osteoporosis in patients with atrial fibrillation using non-vitamin K antagonist oral
anticoagulants or warfarin. ] Am Heart Assoc (2020) 9(2):e013845. doi: 10.1161/
JAHA.119.013845

19. Patil T, Hobson J. Risk of new-onset osteoporosis in single-center veteran
population receiving direct oral anticoagulants versus warfarin. Thromb Res (2021)
200:56-63. doi: 10.1016/j.thromres.2021.01.019

20. Nalevaiko JZ, Marques JVO, Oliveira MF, Raetsch AWP, Marques GL, Petterle
RR, et al. Bone density and quality in patients treated with direct-acting oral
anticoagulants versus warfarin. Bone (2021) 150:116000. doi: 10.1016/
j.bone.2021.116000

21. Lau WCY, Cheung CL, Man KKC, Chan EW, Sing CW, Lip GYH, et al.
Association between treatment with apixaban, dabigatran, rivaroxaban, or warfarin
and risk for osteoporotic fractures among patients with atrial fibrillation: A population-
based cohort study. Ann Intern Med (2020) 173(1):1-9. doi: 10.7326/M19-3671

22. XieX, LiuY, LiJ, GuF, Zhang K, Sui Z, et al. Fracture risks in patients with atrial
fibrillation treated with different oral anticoagulants: A meta-analysis and systematic
review. Age Ageing (2022) 51(1):1-10. doi: 10.1093/ageing/afab264

23. Lucenteforte E, Bettiol A, Lombardi N, Mugelli A, Vannacci A. Risk of bone
fractures among users of oral anticoagulants: An administrative database cohort study.
Eur J Intern Med (2017) 44:e30-1. doi: 10.1016/j.¢jim.2017.07.022

24. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
BM]J (2021) 372:n71. doi: 10.1136/bmj.n71

25. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: A proposal for reporting. meta-
analysis of observational studies in Epidemiology (MOOSE) group. JAMA (2000) 283
(15):2008-12. doi: 10.1001/jama.283.15.2008

26. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol (2010) 25
(9):603-5. doi: 10.1007/s10654-010-9491-z

27. Asbridge M, Hayden JA, Cartwright JL. Acute cannabis consumption and motor
vehicle collision risk: Systematic review of observational studies and meta-analysis. BMJ
(2012) 344:¢536. doi: 10.1136/bmj.e536

28. Bezabhe WM, Radford ], Wimmer BC, Salahudeen MS, Bindoft I, Peterson GM.
Incidence of osteoporosis in primary care patients with atrial fibrillation receiving
different oral anticoagulants. J Clin Med (2022) 11(21):6348. doi: 10.3390/jcm11216438

29. Wen L, ChenJ, Duan L, Li S. Vitamin Kdependent proteins involved in bone and
cardiovascular health (Review). Mol Med Rep (2018) 18(1):3-15. doi: 10.3892/
mmr.2018.8940

30. Price PA, Williamson MK. Effects of warfarin on bone. Studies on the vitamin K-
dependent protein of rat bone. J Biol Chem (1981) 256(24):12754-9. doi: 10.1016/
S0021-9258(18)42959-6

31. Simon RR, Beaudin SM, Johnston M, Walton K], Shaughnessy SG. Long-term
treatment with sodium warfarin results in decreased femoral bone strength and
cancellous bone volume in rats. Thromb Res (2002) 105(4):353-8. doi: 10.1016/
s0049-3848(02)00035-x

32. Fusaro M, Dalle Carbonare L, Dusso A, Arcidiacono MV, Valenti MT, Aghi A,
et al. Differential effects of dabigatran and warfarin on bone volume and structure in
rats with normal renal function. PLoS One (2015) 10(8):e0133847. doi: 10.1371/
journal.pone.0133847

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1212570/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1212570/full#supplementary-material
https://doi.org/10.18632/oncotarget.14639
https://doi.org/10.1007/s00198-014-2912-1
https://doi.org/10.1152/ajpcell.00452.2009
https://doi.org/10.1152/ajpcell.00452.2009
https://doi.org/10.1007/s11657-020-00770-z
https://doi.org/10.1007/s11657-020-00770-z
https://doi.org/10.1111/j.1756-185X.2009.01395.x
https://doi.org/10.1001/archinte.166.2.241
https://doi.org/10.1001/archinte.166.2.241
https://doi.org/10.1203/01.PDR.0000155943.07244.04
https://doi.org/10.1111/j.1532-5415.2008.01786.x
https://doi.org/10.7326/0003-4819-128-10-199805150-00006
https://doi.org/10.1016/j.jacc.2016.11.061
https://doi.org/10.1161/CIR.0000000000000665
https://doi.org/10.1161/ATVBAHA.114.304488
https://doi.org/10.1002/14651858.CD001367.pub3
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1007432
https://doi.org/10.1016/j.jacc.2019.08.1025
https://doi.org/10.1016/j.jacc.2019.08.1025
https://doi.org/10.1161/JAHA.119.013845
https://doi.org/10.1161/JAHA.119.013845
https://doi.org/10.1016/j.thromres.2021.01.019
https://doi.org/10.1016/j.bone.2021.116000
https://doi.org/10.1016/j.bone.2021.116000
https://doi.org/10.7326/M19-3671
https://doi.org/10.1093/ageing/afab264
https://doi.org/10.1016/j.ejim.2017.07.022
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.e536
https://doi.org/10.3390/jcm11216438
https://doi.org/10.3892/mmr.2018.8940
https://doi.org/10.3892/mmr.2018.8940
https://doi.org/10.1016/S0021-9258(18)42959-6
https://doi.org/10.1016/S0021-9258(18)42959-6
https://doi.org/10.1016/s0049-3848(02)00035-x
https://doi.org/10.1016/s0049-3848(02)00035-x
https://doi.org/10.1371/journal.pone.0133847
https://doi.org/10.1371/journal.pone.0133847
https://doi.org/10.3389/fendo.2023.1212570
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

33. Kluter T, Weuster M, Bruggemann S, Menzdorf L, Fitschen-Oestern S,
Steubesand N, et al. Rivaroxaban does not impair fracture healing in a rat femur
fracture model: An experimental study. BMC Musculoskelet Disord (2015) 16:79.
doi: 10.1186/s12891-015-0502-9

34. Gigi R, Salai M, Dolkart O, Chechik O, Katzburg S, Stern N, et al. The effects of
direct factor Xa inhibitor (Rivaroxaban) on the human osteoblastic cell line SaOS2.
Connect Tissue Res (2012) 53(6):446-50. doi: 10.3109/03008207.2012.711867

35. Bezabhe WM, Radford J, Wimmer BC, Salahudeen MS, Bindoff I, Ling T, et al.
Risk of osteoporosis in patients with atrial fibrillation with and without oral
anticoagulant therapy. Expert Rev Clin Pharmacol (2022) 15(8):1003-10.
doi: 10.1080/17512433.2022.2103540

Frontiers in Endocrinology

09

10.3389/fendo.2023.1212570

36. Yokoyama S, Ieda S, Nagano M, Nakagawa C, Iwase M, Hosomi K, et al.
Association between oral anticoagulants and osteoporosis: Real-world data mining
using a multi-methodological approach. Int ] Med Sci (2020) 17(4):471-9. doi: 10.7150/
ijms.39523

37. Huang HK, Yeh JI, Loh CH. Hip fracture risk in patients with atrial fibrillation
receiving oral anticoagulants: A meta-analysis based on current observational studies.
Eur Heart ] (2020) 41(30):2919-20. doi: 10.1093/eurheartj/ehaa361

38. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of calcium or
calcium in combination with vitamin D supplementation to prevent fractures and bone
loss in people aged 50 years and older: A meta-analysis. Lancet (2007) 370(9588):657—
66. doi: 10.1016/S0140-6736(07)61342-7

frontiersin.org


https://doi.org/10.1186/s12891-015-0502-9
https://doi.org/10.3109/03008207.2012.711867
https://doi.org/10.1080/17512433.2022.2103540
https://doi.org/10.7150/ijms.39523
https://doi.org/10.7150/ijms.39523
https://doi.org/10.1093/eurheartj/ehaa361
https://doi.org/10.1016/S0140-6736(07)61342-7
https://doi.org/10.3389/fendo.2023.1212570
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Risk of osteoporosis in patients treated with direct oral anticoagulants vs. warfarin: an analysis of observational studies
	Introduction
	Methods
	Literature search strategy
	Study selection criteria
	Data extraction and quality assessment
	Data synthesis and statistical analysis

	Results
	Literature search
	Study characteristics
	Meta&minus;analysis results
	Subgroup analyses
	Subanalyses for individual DOACs vs. warfarin
	Subanalyses for comparison between individual DOAC
	Subanalyses for gender and the duration of therapy
	Patient subanalyses
	Sensitivity analysis and publication bias


	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


