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Summary. Background: Although vitamin K antagonists

(VKAs) lower serum values of bone deposition markers,

the link with osteoporosis and fractures remains contro-

versial. Objectives: To assess whether the use of VKAs is

associated with an increased prevalence and/or incidence

of osteoporosis, fractures, or lower bone mineral density

(BMD) values. Methods: We conducted a systematic

PubMed and EMBASE literature search until August 31,

2014, and a meta-analysis of cross-sectional and longitu-

dinal studies investigating fractures and BMD, comparing

patients treated with VKAs and healthy controls (HCs)

or with patients with medical illness (medical controls,

MCs). Standardized mean differences � 95% and confi-

dence intervals (CIs) were calculated for BMD, and risk

ratios (RRs) were calculated for prevalent and incident

fractures. Results: Of 4597 initial hits, 21 studies were eli-

gible, including 79 663 individuals treated with VKAs vs.

597 348 controls. Compared with HCs, VKA-treated indi-

viduals showed significantly higher fracture risk in cross-

sectional (three studies; RR = 1.24; 95% CI: 1.12–1.39,
P < 0.0001) and longitudinal studies (seven studies;

RR = 1.09; 95% CI: 1.01–1.18, P = 0.03) and more incident

hip fractures (four studies; RR = 1.17; 95% CI: 1.05–1.31,
P = 0.003). Analyzing studies that matched VKA partici-

pants with HCs (four studies), both these findings in longitu-

dinal studies became non-significant. Notably, the VKA

and MC group had similar BMD values at all investi-

gated sites. Compared with HCs, a single study showed

significantly lower spine T-scores in the VKA-treated

group (standardized mean difference = � 0.45; 95% CI:

� 0.75, � 0.14, P = 0.004). Conclusion: VKAs neither

increased prospectively-assessed fracture risk compared

with MCs when matching eliminated confounding factors

nor reduced BMD beyond effects of medical illness.

Future studies, using careful matching and/or adequate

MC groups, are needed to further clarify the short- and

long-term effects of VKAs on bone health.

Keywords: bone mineral density; coumadin; fractures,

bone; hip fractures; osteoporosis.

Introduction

As the population ages, osteoporosis is becoming a major

public health issue throughout the world. Fractures

caused by osteoporosis contribute to morbidity, reduce

quality of life, and lead to disability, interfering with

activities of daily living [1,2].

Several risk factors for osteoporosis and therefore for

fractures have been identified, including female sex,

reduction of bone mineral density (BMD), family history

of fractures, lifestyle factors, and the use of some medica-

tions [3,4]. Among these, the use of vitamin K antagonists

(VKAs) is of concern due to the increasing number of

elderly individuals who need anticoagulation treatment

[5].

Vitamin K plays a key role in the production of clotting

factors through the posttranslational gamma-carboxylation

of specific glutamic acid residues in vitamin K–dependent
proteins [6]. Carboxylated proteins have high affinity for

calcium and are important in the bone formation process.

Because osteocalcin, a protein produced by osteoblasts,

undergoes the same carboxylation process, the inhibition
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of the gamma-carboxylation exerted by VKAs leads to

lower incorporation in the bone matrix [7]. Undercarboxy-

lated osteolcalcin serum levels increase with the use of

VKAs, but whether this translates into fracture risk or

lower BMD values is still controversial. A large observa-

tional study has shown no association between warfarin

treatment and fracture risk in elderly postmenopausal

women [8], while in a large population cohort study of

women exposed to VKAs, the long-term use of warfarin

increased the risk of vertebral and rib fractures compared

with data taken from the general population [9]. Finally, a

previous meta-analysis published 16 years ago found a neg-

ative association of VKAs with BMD in the ultradistal

radius, but no other significant associations were found for

other investigated sites [10]. However, to the best of our

knowledge, no systematic reviews or meta-analysis were

conducted so far to explore whether the use of VKAs is

associated to increased risk of fragility fractures.

Therefore, we conducted a systematic review and meta-

analysis comparing patients treated with VKAs vs.

medical controls (MCs) (i.e., with similar diseases and/or

clinical characteristics to those treated with VKAs) and

vs. ‘healthy’ controls (HCs) (i.e., not affected by any dis-

ease), investigating whether the use of VKAs is associated

with an increased prevalence and/or incidence of osteo-

porosis, fractures, or lower BMD values.

Methods

Search strategy

Two investigators (N.V., G.B.) independently conducted

an electronic literature search using PubMed and

EMBASE, without language restriction, from database

inception until August 31, 2014, for studies comparing

the presence of fractures and BMD values between

patients treated with VKAs vs. HCs or MCs. Any incon-

sistencies were resolved by consensus. In PubMed, con-

trolled vocabulary terms (MeSH and the following

keywords were used) and the following keywords were

used: (“osteoporosis” [Mesh Terms] OR osteoporosis [text

word] OR osteopenia [text word] OR osteo* OR “bone

density” [Mesh Terms] OR bone mineral density [text

word] OR “Absorptiometry, Photon” [Mesh Terms] OR

DXA [Text word] OR DEXA [Text word] OR bone [text

word] OR “Fractures, Bone” [Mesh Terms] OR fracture

[Text word]) AND (“warfarin”[MeSH Terms] OR war-

farin[Text Word] OR Coumadin [Mesh Terms] OR Cou-

madin [Text word] OR “vitamin K antagonists” [Text

Word]).” In EMBASE the following keywords were used:

“(‘osteoporosis’/exp OR ‘osteoporosis’ OR ‘osteopenia’

OR ‘bone mineral density’ OR ‘bone density’ OR ‘DXA’

OR ‘DEXA’ OR ‘bone’ OR ‘fractures’) AND (‘warfarin’/

exp OR ‘Warfarin’ OR ‘Coumadin’/exp OR ‘Coumadin’

OR ‘vitamin K antagonists’).” Conference abstracts were

also considered; at least four attempts were made to con-

tact study authors for additional information. Reference

lists of included articles and those relevant to the topic

were hand-searched for identification of additional, poten-

tially relevant articles.

Study selection

We included both cross-sectional and longitudinal studies

comparing data on osteoporosis, fractures, BMD, and

T-scores (deviation from the bone mass of an average

healthy 30-year-old adult) [11] between patients treated

with VKAs vs. controls. Included were only studies that

(i) reported on BMD or fractures, (ii) included patients

treated with VKAs, and (iii) compared patients treated

with VKAs with HCs or MCs. Studies were excluded if

they (i) did not specify the type of VKAs used, (ii) mea-

sured only in vitro parameters or used animal models,

(iii) did not compare patients treated with VKAs vs. a

control group, or (iv) reported only laboratory data and

not data about BMD or fractures.

We also contacted authors asking for further informa-

tion when (i) data could not be meta-analyzed (i.e., no

mean and SD or equivalent for BMD or no data on frac-

tures or osteoporosis provided for both treated and con-

trol group) and (ii) other relevant information (e.g., age,

percentage of females, or parameters related to anticoagu-

lation therapy, etc.) was missing.

This systematic review was conducted following the

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) criteria for the quality assess-

ment of included studies [12] and the indications of

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses statement [13].

Data extraction

Two authors (N.V., G.B.) independently extracted data

from the selected studies into a standardized Microsoft

Excel spreadsheet. Any disagreement was resolved by

consensus. The following information were extracted: (i)

study population characteristics (e.g., sample size, demo-

graphics, comorbidities), (ii) duration of follow-up (for

longitudinal studies), (iii) clinical setting in which the

study was performed, (iv) parameters related to VKA

therapy (e.g., mean anticoagulation duration, type of

VKA, international normalized ratio [INR]), (v) matching

variables between VKA-treated people and controls, (vi)

method of ascertainment for fractures and BMD assess-

ment, and (vii) quality indicators used for the STROBE

assessment.

Statistical analysis

The primary outcomes were the prevalence or incidence

of fractures and characteristics of BMD parameters,

comparing those treated with VKAs with MCs or HCs.
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In analyses, we considered only the studies using at least

one matching variable between the VKA and control

group.

The meta-analysis was performed using Review Manager

(RevMan) Version 5.3 for Windows (Cochrane Collabora-

tion, http://ims.cochrane.org/revman). When combining

studies, the random-effects model was used to account for

study heterogeneity [14]. For BMD data, standardized

mean difference (SMD) with its 95% confidence interval

(CI) was used, as well as risk ratios (RRs) for prevalent or

incident fractures.

Study heterogeneity was measured using the chi-squared

and I-squared statistics, with chi-squared P ≤ 0.05 and I-

squared ≥ 50% indicating the presence of significant

heterogeneity [15]. For outcomes including five or more

studies and with significant heterogeneity, we conducted a

meta-regression analysis to explore if some variables of the

characteristics (age, percentage of females between the two

groups, country where the study was conducted, clinical

setting, mean anticoagulation exposure duration, mean

INR values, methods of fracture or BMD assessment) were

significant moderators. Because mean anticoagulation

exposure duration, retrospectively assessed in cross-sec-

tional studies and prospectively assessed in longitudinal

studies, could mediate the effect of VKAs on fractures, we

also conducted preplanned meta-regression and sensitivity

(divided according to the median of follow-up duration)

analyses, assessing if each of these variables separately or

the two variables and studies combined are significantly

associated with a higher risk of bone fracture. Meta-regres-

sion analyses were conducted using Comprehensive Meta-

Analysis V3 (http://www.meta-analysis.com/index.php).

Funnel plots were inspected visually to assess the possibil-

ity of publication bias.

Results

The search identified 4597 potentially eligible studies, of

which 1000 duplicates were excluded. After excluding

3552 reports through title and abstract review, 45 full-text

articles were examined. In total, 21 studies were included

in the meta-analysis (Fig. 1).

Study and patient characteristics

Studies’ and patients’ characteristics are summarized in

Tables S1 and S2. The 21 analyzed studies [8,16–35]
included a total of 670 810 participants (VKA = 79 663,

controls = 597 348). Nine studies [17,18,20–23,27,29,34]
(42.8%) were conducted in Europe, 7 [8,19,24,25,28,31,35]

(33.3%) in North America, 4 [26,30,32,33] (19.0%) in

Asia [26,30,32,33], and one [16] (4.9%) in Australia.

Three studies [8,26,35] published data for analysis regard-

ing both fractures and BMD/osteoporosis. Twelve of the

21 studies used at least one variable for matching between

treated and control groups. Two studies [32,33] used five

variables for matching, one [30] used four, four

[18,21,27,31] used three, three [22,29,34] studies used two,

and one [17] study used one variable, while one study [25]

used propensity score matching. Studies measuring BMD

compared findings in VKA-treated patients with MCs

and HCs, whereas all studies reporting on fractures only

used MCs as a control group.

VKA-exposed patients’ and controls’ mean age was

76.5 � 7.1 and 75.2 � 8.6 years, while the percentage of

females was 48.0% and 52.7%, respectively. Most studies

included warfarin monotherapy (16 studies = 76.2%),

two studies (9.5%) used acenocumarol monotherapy, and

the other three studies (14.3%) used a combination of

both. Fifteen studies [8,16,21–25,27,29–35] involved outpa-

tients only, three [17,19,26] involved inpatients only, one

study [28] involved both inpatients and outpatients,

one study [18] included patients from a dialysis unit, and

one study [20] children treated at home with parenteral

nutrition. All studies, except two [16,20], included adults.

STROBE quality indicators (Table S3) indicated that

two studies [20,28] (9.5%) did not provide a clear descrip-

tion of participants or a clear definition of the outcomes,

respectively. Moreover, in three studies [17,29,35],

(14.3%) detailed information on the group exposed to

VKA treatment was missing, and nine studies

[8,16,19,20,23,24,26,28,35] (42.9%) did not adjust their

statistical analysis for any potential confounders.

Cross-sectional studies reporting on fractures

Pooling data from three cross-sectional studies [18,26,29]

including 8790 treated with VKAs compared with 490 299

MCs, VKA-treated patients had a significantly higher
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Fig. 1. PRISMA flow diagram of study selection process.
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fracture risk than MCs (RR = 1.24, 95% CI: 1.12–1.39,
P < 0.0001, I2 = 21%) (Table 1; Fig. 2A).When consider-

ing only matched studies [18,29], the result remained

similar (two studies; RR = 1.24, 95% CI: 1.20–1.28,
P < 0.0001, I2 = 0%) (Fig. 2B). No significant association

was found between VKA treatment and vertebral fractures

(two studies [18,29], RR = 1.75, 95% CI: 0.78–3.92,
P = 0.18, I2 = 97%) (Table 1).

Longitudinal studies reporting on fractures

Seven longitudinal studies [8,19,24,25,28,33,35] followed

70 392 subjects treated with VKAs and 106 241 MCs

for a median of 5 years (range: 1.4–10 years). Two

studies [8,33] reported a median length of VKA treat-

ment of 1.7 years. Pooling these data, VKA treatment

was associated with an increased risk of developing

fractures compared with MCs (RR = 1.09 (95% CI:

1.01–1.18, P = 0.03; I2 = 0%) (Table 1; Fig. 3A). Simi-

larly, VKA treatment was associated with an increased

risk of developing hip fractures during the follow-up

period (four studies [24,25,33,35]; RR = 1.17, 95% CI:

1.05–1.31, P = 0.003, I2 = 0%) (Table 1). However,

combining data from the two studies matching VKA-

treated subjects with MCs, differences were no longer

significant for any fractures (RR = 1.03, 95%

CI = 0.90–1.18, P = 0.64, I2 = 0%) (Fig. 3B) or hip

fractures (RR = 1.13, 95% CI: 0.96–1.34, P = 0.15,

I2 = 0%) (Table 1). Finally, no significant group differ-

ences existed regarding vertebral fractures (two studies

[25,33]; RR = 1.20, 95% CI: 0.81–1.76, P = 0.37;

I2 = 0%) or fractures at other sites (three studies

[25,33,35]; RR = 1.38, 95% CI: 0.61–3.10, P = 0.44;

I2 = 81%), with similarly non-significant differences

when considering only matched studies (Table 1).

BMD parameters and presence of osteoporosis in VKA-

treated patients vs. MCs in cross-sectional studies

Pooling data from five studies [21,22,26,27,35] involving

469 VKA-treated patients vs. 5389 MCs, no significant

group differences were apparent for spine BMD

(SMD = � 0.13; 95% CI: � 0.35, 0.09, P = 0.25;

I2 = 45%) (Fig. 4A). The use of T-scores values instead of

spine BMD did not change the findings (three studies

[20,22,26]; SMD = � 0.09; 95% CI: � 0.45, 0.26,

P = 0.61; I2 = 0%). Similarly, there was also no significant

difference in spine BMD after removing one study that

included only children [20] who are in a developmental

phase of bone density accrual (SMD = � 0.07; 95% CI:

� 0.46, 0.31, P = 0.71) or when analyses were restricted to

matched studies, as shown in Table 2 and Fig. 4B.

VKA therapy was not associated with significantly lower

BMD or T-score values at femoral neck (two studies,

BMD: SMD = � 0.10, P = 0.56; one study, T-scores:

SMD = 0.14; P = 0.59), total hip (three studies, BMD:T
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� 0.03; P = 0.77; one study, T-scores = � 0.22; P = 0.45),

hand (two studies, BMD: SMD = � 1.19; P = 0.24), or

radius (two studies, BMD: SMD = � 0.25; P = 0.19) com-

pared with MCs subjects not taking VKAs (Table 2). The

analysis of matched studies only, instead of all available

studies, did not change these findings (Table 2).

Finally, two studies reporting data on the prevalence of

osteoporosis [26,35] did not show any significant differ-

ence between treated with VKAs and MCs (RR = 1.23,

95% CI: 0.64–2.38; P = 0.53, I2 = 0%).

BMD parameters and presence of osteoporosis with HCs

Four studies [16,30,31,34] included 191 VKA-treated

patients vs. 536 HCs and did not show a significant dif-

ference for spine BMD across all studies (SMD = � 0.21;

Study or Subgroup
Fusaro, 2014
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Rejnmark, 2007
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Total events
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Fig. 2. (A) Prevalent fractures in patients treated with vitamin K antagonists (VKAs) compared with medical controls. (B) Prevalent fractures

in patients treated with VKAs compared with medical controls (matched studies).
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Fig. 3. (A) Risk ratios (RRs) for incident fractures in patients treated with vitamin K antagonists (VKAs) compared with medical controls. (B)

RRs for incident fractures in patients treated with VKAs compared with medical controls (matched studies).
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95% CI: � 0.43, 0.02, P = 0.08; I2 = 31%) (Fig. 5A).

After removing one study that included only children

[16], the findings did not significantly change

(SMD = � 0.16 (95% CI: � 0.44, 0.12, P = 0.25). Similar

results were found in the three matched studies [30,31,34]

(SMD = � 0.16; 95% CI: � 0.44, 0.12, P = 0.25;

I2 = 46%) (Table 3; Fig. 5B). Likewise, no significant dif-

ferences were found for femoral neck BMD (one study

[31]; SMD = 0.21; 95% CI: � 0.18, 0.61, P = 0.29) or

total hip BMD (three studies [30,31,34]; SMD = 0.07;

95% CI: � 0.14, 0.27, P = 0.53; I2 = 0%). Conversely, in

one study [30], spine T-score values were significantly

lower in VKA-treated patients vs. HCs (SMD = � 0.45;

95% CI: � 0.75, � 0.14, P = 0.004) (Table 3).

Finally, one study [23] reported a significantly higher

presence of osteoporosis in those treated with VKAs vs.

HCs (RR = 4.20; 95% CI: 1.82–9.67, P = 0.0007).

Secondary analyses

In a preplanned analysis, the duration of follow-up in

seven longitudinal studies was not associated with a

higher incidence of fractures vs. MCs

(slope = � 0.0082 � 0.012; P = 0.49). Furthermore, in

the two prospective studies [25,33] with a long follow-up

period (i.e., ≥ 5 years) that matched samples, the use of

VKA therapy was not associated with an increased risk

of having a new fracture (RR = 1.03; 95% CI: 0.90–1.18,
P = 0.64), a hip fracture (RR = 1.13; 95% CI: 0.96–1.34,
P = 0.15), or other site fractures (RR = 0.98; 95% CI:

0.75–1.27, P = 0.86). No study with unmatched samples

provided analyzable data. Similarly, exposure to VKAs

vs. HCs was not significantly associated with BMD in

cross-sectional studies (slope = � 0.03 � 0.08; P = 0.73).

Insufficient data on prior VKA exposure in cross-sec-

tional studies of fracture risk vs. MCs and in cross-

sectional studies of BMD vs. MCs precluded further

meta-regression analyses of these studies as well as of

pooled analyses of cross-sectional and longitudinal frac-

ture risk studies vs. MCs. Altogether, we found 4 out-

comes with heterogeneity (defined as I2 ≥ 50%), that is,

prevalent vertebral and incident fractures at other sites,

total hip BMD and hand BMD, each in the comparison

between VKA-treated patients and MCs. However, these

outcomes included less than five studies and consequently

the meta-regression analysis was not possible.

Publication bias

Inspecting the funnel plots, there did not appear to be a

publication bias for any of the outcomes (Fig. S1A–C).

Discussion

In this meta-analysis, we examined 21 observational stud-

ies involving 79 663 subjects taking VKAs compared with

597 348 MCs or HCs regarding parameters related to

bone metabolism. To the best of our knowledge, this is

the first meta-analysis investigating the possible relation-

ship between VKA use and fractures. Although in three

cross-sectional studies, including two that used matching

variables, VKA use was associated with a greater risk of

fractures compared with MCs, a greater fracture risk with

VKAs compared with MCs was only apparent in longitu-

dinal studies when unmatched samples were included.

Conversely, in four prospective studies comparing VKAs

Study or Subgroup
VKA group Control group

VKA group Control group

Std, Mean Difference
IV, Random, 95% Cl

Std, Mean Difference
IV, Random, 95% ClMean

1.041
0.96
1.1

0.951
1.079 0.0179

0.155
0.35
0.16
1.14 45

49
14
40

321 1.074
1.061
1.13
0.98

1.133 1.19
0.19
0.21

0.205
0.217 5212

40
71
21
45 17.8%

13.4%
11.3%
16.0%
41.4%

100.0%5389469

–1 –0.5 0 0.5 1

VKA group Control group
–1 –0.5 0 0.5 1

–0.08 [–0.49, 0.34]
–0.12 [–0.63, 0.39]
–0.13 [–0.70, 0.45]

–0.13 [–0.35, 0.09]

–0.60 [–1.05, –0.15]
0.02 [–0.09, 0.14]

SD SDTotal Total WeightMean

Study or Subgroup

Kiss, 1995
Lafforgue, 1997
Philip, 1995

VKA group Control group Std, Mean Difference
IV, Random, 95% Cl

Std, Mean Difference
IV, Random, 95% ClMean

1.041
0.96

0.951 0.155
0.16
1.14 45

49
40 1.061

0.98
1.133 1.19

0.19
0.205 40

21
45 37.4%

28.7%
33.9%

–0.08 [–0.49, 0.34]
–0.12 [–0.63, 0.39]

–0.60 [–1.05, –0.15]

–0.27 [–0.60, 0.07]100.0%106134

SD SDTotal Total WeightMean

Kiss, 1995
Lafforgue, 1997
Ogura-Tomomatsu, 2012
Philip, 1995
Woo, 2008

Total (95% Cl)

Total (95% Cl)

Heterogeneity: Tau2 = 0.03; Chi2 = 7.33, df = 4 (P = 0.12); I2 = 45%
Test for overall effect: Z = 1.15 (P = 0.25)

Heterogeneity: Tau2 = 0.03; Chi2 = 3.24, df = 2 (P = 0.20); I2 = 38%
Test for overall effect: Z = 1.56 (P = 0.12)

A

B

Fig. 4. (A) Standardized mean difference (SMD) for spine bone mineral density (BMD) in patients treated with vitamin K antagonists (VKAs)

compared with medical controls. (B) SMD for spine BMD in patients treated with VKAs compared with medical controls (matched studies).
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to matched MC samples, no significantly increased frac-

ture risk was found. Similarly, in meta-analyses, VKA use

was not associated with lower BMD, compared either

with MCs or HCs, whether or not control groups were

matched on at least one relevant variable. Further dura-

tion of VKA use was not significantly associated with

either higher fracture risk or lower BMD compared with

controls. Thus, taken together, our findings suggest that

contrary to our expectations the use of VKAs does not

seem to be significantly associated to an increased frac-

ture risk or decreased BMD, at least when matched con-

trol groups and medical illness were taken into

consideration.

A previous meta-analysis conducted in 1999 and

restricted to BMD showed that VKA use was not associ-

ated with lower BMD values, except for the ultradistal

radius [10]. In this meta-analysis, we confirmed these find-

ings failing to find any significant BMD difference

Table 3 Standardized mean differences in bone mineral density parameters in patients exposed to vitamin K antagonist anticoagulants vs.

healthy controls (cross-sectional studies)

Parameter

No. of

studies

No. of

VKA-

exposed

group

No. of

control

group SMD (95% CI) P-value Heterogeneity

Bone mineral density

Spine BMD 4 191 536 � 0.21 [� 0.43, 0.02] 0.08 s2 = 0.02; v2 = 4.34, d.f. = 3 (P = 0.23); I2 = 31%

Matched studies

(spine BMD)

3 174 215 � 0.16 [� 0.44, 0.12] 0.25 s2 = 0.03; v2 = 3.69, d.f. = 2 (P = 0.16); I2 = 46%

Femoral neck BMD 1 50 50 0.21 [� 0.18, 0.61] 0.29 NA

Matched studies

(femoral neck BMD)

1 50 50 0.21 [� 0.18, 0.61] 0.29 NA

Total hip BMD 3 174 215 0.07 [� 0.14, 0.27] 0.53 s2 = 0.00; v2 = 0.35, d.f. = 2 (P = 0.84); I2 = 0%

Matched studies

(hip BMD)

3 174 215 0.07 [� 0.14, 0.27] 0.53 s2 = 0.00; v2 = 0.35, d.f. = 2 (P = 0.84); I2 = 0%

T-scores

Spine 1 70 103 � 0.45 [� 0.75, � 0.14] 0.004 NA

Matched studies

(spine T scores)

1 70 103 � 0.45 [� 0.75, � 0.14] 0.004 NA

Total hip 1 70 103 � 0.15 [� 0.45; 0.16] 0.34 NA

Matched studies

(total hip scores)

1 70 103 � 0.15 [� 0.45, 0.16] 0.34 NA

BMD, bone mineral density; d.f., degrees of freedom; NA, not applicable; SMD, standardized mean difference; VKA, vitamin K antagonist

anticoagulants.
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Fig. 5. (A) Standardized mean difference (SMD) for spine bone mineral density (BMD) in patients treated with vitamin K antagonists (VKAs)

compared with healthy controls. (B) SMD for spine BMD in patients treated with VKAs compared with healthy controls.
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between those treated with VKAs vs. MCs. Only one sin-

gle study reported lower spine T-score values [30] and a

second study showed significantly higher osteoporosis

prevalence [23] in the VKA group compared with HCs.

The rationale for a potentially increased risk of osteo-

porosis and fractures in patients treated with VKAs

includes the following mechanisms: VKAs disrupt the

vitamin K cycle by inhibiting the carboxylation reaction

in vitamin K proteins, including osteocalcin, the most

abundant protein in the bone matrix [10]. In fact, evi-

dence from animal models suggests that VKAs could

affect bone quality, but not necessarily BMD, leading

potentially to an increase in the risk of fractures without

significant changes in bone density [36]. This possibility

should be investigated further in future studies. More-

over, VKAs appear to have a deleterious effect on bone

formation in the first trimester of pregnancy, since their

use is associated with bone deformations (warfarin

embryopathy) [37]. Deeper knowledge of the VKA effect

on bone metabolism is crucial since the pro-osteoporotic

effect of parenteral anticoagulants, such as heparins, has

been widely ascertained [38]. Although our meta-analysis

suggests that the use of VKAs could possibly lead to an

increased risk of any fracture or hip fractures, when ana-

lyzing only matched studies, these finding became non-

significant. Consistent with these results, VKA-treated

patients did not have any significantly increased risk of

new vertebral fractures or fractures at other sites. Con-

trary to our findings, Caraballo et al. reported a signifi-

cantly higher risk of fractures in 572 women taking

VKAs compared with the expected number of fractures

based on sex- and age-specific incidence rates for the gen-

eral population [9]. However, this study was limited by its

retrospective design and the lack of an appropriate con-

trol group. Furthermore, these findings were not conclu-

sive, as a significantly increased fracture risk was only

apparent at the spine and ribs, but not at the hip. Among

the studies included in our meta-analysis, only one found

a significant association between the use of VKAs and

fractures and only in men and only for vertebral and rib

bones [19]. However, this study lacked appropriate

matching with the control group too and, therefore, these

findings should be considered cautiously. Conversely, the

studies with appropriate matching [25,33] did not support

any evidence of increased fracture risk with VKAs, sug-

gesting that the clinical effect of VKAs on BMD and

fractures is weak [37]. The reasons for the lack of associa-

tion of VKA use with BMD and fractures are unclear. It

is possible that the well-known low adherence to these

drugs (particularly in the elderly) [5] leads to a not signifi-

cant effect on bone metabolism. In fact, none of the

included studies assessed adherence to VKAs and many

of them did not report data about the efficacy of VKAs,

such as INR. Therefore, it is possible that adherence

problems may be an important confounder leading to

divergent results in humans treated in usual care com-

pared with those found in animal and in vitro research.

Alternatively, it is possible that the adverse effect on

BMD and fractures is relatively small, so that larger sam-

ples and/or longer duration of follow-up are needed.

Considering BMD parameters, we failed to find signifi-

cant differences between VKAs and MC or HC groups,

except for significantly lower spine T-score values [30]

and a higher prevalence of osteoporosis [23] compared

with HCs in one study each. In contrast with the first

meta-analysis published on this topic [10], we also failed

to find any significant association between VKAs and

low radius BMD values. This finding is likely to be due

to the different inclusion criteria used in the previous

meta-analysis, such as the inclusion of studies without

a control group, or studies using different methods other

than DXA that is considered the best approach for

investigating BMD [3,9]. Thus, results of the previous meta-

analysis could have been affected by the remarkable differ-

ences in bone composition investigation methods. However,

independent of these considerations, the findings of both

meta-analyses suggest a non-significant effect of VKAs on

BMD, since the significant differences in BMD in our and

in the previous meta-analysis are limited to outcomes

including single studies with a small number of subjects.

Several limitations of our study need to be considered.

First, many of the included studies did not use any

matching, thereby not controlling for the potential con-

founders between the VKA-treated and the control

groups. Although some individual studies that did not

match samples adjusted their analyses for relevant covari-

ates and potential confounders [8,19], these adjustments

could not be used in this meta-analysis, as only patient

level data would be able to do so. By contrast, in meta-

analyses, unadjusted group means or group rates are

pooled in the analyses.

Second, in regard to cross-sectional studies, specific

information about VKA treatment duration or compli-

ance was generally lacking. Third, we could not collect

some relevant information on VKA treatment, such as

the mean daily intake, the achievement of therapeutic

levels, or the effect on blood clotting. The absence of such

information impedes the investigation of a potential bio-

logical gradient in the relationship between VKA use and

fractures. Fourth, the median duration of 5-year follow-

up may have been insufficiently long, given that VKAs

are given long term in a considerable subgroup of

patients. Fifth, data were restricted to warfarin, phenpro-

coumon, acenocoumarol, and fluindione, while no infor-

mation was available for newer oral anticoagulants, such

as dabigatran, apixaban, and edoxaban. Sixth, we were

not able to include a separate analysis of children due to

lack of data. In children, the concern is whether they

reach a normal peak bone mass when taking VKAs com-

pared with those not taking these drugs. Due to these

peculiarities, further research is needed in this age group.

Finally, we included a study that used as a control group
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subjects taking pump-proton inhibitors [24], whose role in

osteoporosis is still debated. Although several studies

reported that pump-proton inhibitors increase the risk of

fractures, this effect is probably due to confounding

factors, as patients taking these drugs tend to be frailer

and have more risk factors for fractures than those not

given these drugs [39]. Conversely, the large number of

included participants involved, and the fact that we pre-

sent the first ever meta-analytic comparison of prevalent

and incident fractures as well as BMD parameters in

those taking VKAs and with unmatched and matched

control groups is among the strengths of our work.

In conclusion, the use of VKAs seems to neither signifi-

cantly increase fracture risk when matching on confound-

ing factors nor reduce BMD beyond effects of medical

illness. Since the use of VKA treatment, as well as osteo-

porosis and fractures, are continuously increasing particu-

larly in older people, future studies using appropriate

matching procedures, following patients for sufficiently

long periods and including newer oral anticoagulants are

needed to clarify the short- and long-term effects of

VKAs on bone health.
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