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Abstract

This meta-analysis was conducted to investigate whether heart failure is associated with an increased risk of fractures
by summarizing all the available evidence. The PubMed, EMBASE, and Cochrane Library databases were searched
for all relevant studies published from the date of database inception to April 2018. Studies that investigated the
association between heart failure and fracture risk and conducted a comparison with controls were included. Seven
cohort studies were finally identified as eligible for inclusion in the meta-analysis. All included studies were of high
quality as evaluated by the Newcastle-Ottawa Scale. There was a significantly higher risk of any fracture in patients
diagnosed with heart failure (N =53,038) than in controls (N=126,727) (RR 1.66, 95% CI 1.14-2.43, P =94%, P=
0.008). The results were the same for hip (RR 3.45, 95% CI: 1.86-6.40, P =95%, P< 0.0001) and humerus
fractures (RR 1.91, 95% CI 1.07-3.40, P = 39%, P=0.03) but not for vertebral and forearm fractures. To conclude,
this meta-analysis demonstrated that patients with heart failure had an increased risk of fractures, especially hip and
humerus fractures. Patients with heart failure may need to pay greater attention to their bone health. This meta-
analysis found a significantly higher risk of fractures in patients with heart failure than in those without heart failure.
Greater attention should be paid to bone health in patients with heart failure.
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Introduction

Heart failure (HF) is a common disease that leads to acute
care hospitalizations, morbidity, and mortality. It has a
prevalence of 1-2% in adults and >10% in those >
70 years of age in developed countries. In Asian coun-
tries, the estimated prevalence for HF ranges from 1.26 to
6.7% [1] in the general population. With improved treat-
ment, patients with HF may live longer and may be more
prone to developing age-related comorbidities such as os-
teoporosis and the consequent fragility-related fractures.
With aging, fractures become one of the most common
causes of disability and a major public health burden,
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affecting more than 9 million patients worldwide each
year [2, 3]. Many patients with HF have been found to
develop fractures in clinical practice, partially due to the
increased prevalence of both conditions with aging, such
that they commonly coexist. However, recent studies have
indicated that fractures and HF share a number of com-
mon risk factors, such as aging, menopause, smoking, and
diabetes mellitus [1, 4, 5], and some medications for HF
have the potential to cause bone loss [6]. Therefore, HF
might be associated with fracture, a supposition that has
been supported by several cohort and case-control studies
that have shown that patients with HF have a greater risk
of fractures [7-12]. However, the results of studies ex-
ploring the association between HF and fractures are in-
consistent. The study by Gerber et al. [13] did not show
an association between heart failure and fractures, and the
extent to which heart failure increases the risk of fracture
is inconsistent in different studies. To the best of our
knowledge, no systematic review or meta-analysis has
been performed on this topic. We performed a systematic
review and meta-analysis to examine whether patients
with HF have a greater risk of fractures by summarizing
and pooling all the available data.
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Materials and methods
Data sources and searches

The PubMed, EMBASE, and Cochrane Library databases
were searched for all relevant studies published from the date
of database inception to April 2018. The search strategy in-
cluded the MeSH terms “fractures, bone” and ‘“‘heart failure,”
and the keywords related to these MeSH terms were also
searched. This search was conducted with the help of a master
librarian.

Study selection

Two independent investigators selected the eligible studies by
reading the titles and abstracts. A third investigator was in-
volved if there was a lack of consensus. All three investigators
were well trained in performing systematic reviews and meta-
analyses. Studies were included if they (i) were cohort or case-
control studies; (ii) investigated the association between HF
and fracture risk; and (iii) reported relative risks (RR), odds
ratios (OR), or hazard ratios (HR) for fractures or raw data
were provided with which those outcomes could be calculat-
ed. If several publications were included from the same

cohort, only the study with the most comprehensive data
was included. Only studies published in English were includ-
ed. Studies were excluded if they (i) were reviews, editorials,
commentaries, case reports, or letters or (ii) lacked key data
needed to analyze the fracture risk in patients with HF com-
pared to the control group.

Data extraction and quality assessment

Data were extracted by two investigators independently, and
disagreements were resolved by involving a third investigator.
All relevant information pertaining to the study features, pop-
ulation characteristics, and outcomes were collected. The 9-
point Newcastle-Ottawa Scale (NOS) was used to evaluate the
quality of the included studies, which assesses the participant
selection (0—4 points), comparability (0—2 points), and
outcomes/exposures (03 points). A study with a score of 7—
9 points was defined as high quality.

Data synthesis and analysis
RevMan 5.1 software (The Nordic Cochrane Center,

Copenhagen, Denmark) was used for the meta-analysis. The
heterogeneity of the included studies was measured using the

Articles identified from
PubMed (n=794)

Articles identified from
Embase (n=4165)

Atrticles identified from
Cochrane (n=208)

A

Articles after removing duplicates (n=4678)

4

Articles for abstract

screening (n=4678)

Articles excluded (n=4668)

4

Full text articles assessed for eligibility (n=10)

Atrticles were excluded (n=3):
* Not report the outcome of interest

4

(n=1)

* Duplicated reports from the same
cohort (n=1)

* A case-control study (n=1)

Studies included in meta-analysis (n=7)

Fig. 1 Flow diagram of the study selection process
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Higgins /* statistic [14]. A random effects model was used
when heterogeneity was detected (I*>50%); otherwise, a
fixed effects model was used (I < 50%). A sensitivity analysis
was conducted to determine the source of heterogeneity.
Adjusted ORs, HRs, and risk ratios were preferred over crude
ratios if available; otherwise, crude ratios were used. The com-
bined RRs from cohort studies were calculated with the 95%
confidence interval (95% CI), and a P < 0.05 indicated a sta-
tistically significant difference. Begg’s and Egger’s tests were
used to assess publication bias with Stata 12.0 statistical soft-
ware (StataCorp, College Station, TX, USA), and a P<0.1
indicated a statistically significant difference [15, 16].

Results
Search results and quality assessments

In total, 4678 studies were obtained from the PubMed,
Cochrane, and EMBASE databases after 509 duplicate arti-
cles were removed. After reading the titles and abstracts, we
excluded 4668 articles. The remaining ten studies were
assessed by reading the full article. One study was excluded
because it lacked the outcome of interest, and another study
was excluded because it was a duplicated publication with the
same cohort as another study. Therefore, eight studies were
finally included, with seven cohort studies and one case-
control study [7, 8, 10-13, 17, 18] (Fig. 1). One abstract by
Gerber et al. [10], which was published in Circulation, was
included in our analysis, but we were unable to obtain detailed
information after trying to contact the corresponding author
and therefore could not evaluate the quality of the data. There
was only one case-control study [17], and the data from it
could not be combined with the data from the cohort studies,
so we did not include it in our meta-analysis. The character-
istics of the included studies are described in Table 1. All of
the results are summarized in Table 2.

Any fracture risk for patients with or without a history
of HF

After pooling data from five studies (two studies,
Sennerby et al. [12] and Carbone et al. [9], only report-
ed hip fractures, so they were excluded from this anal-
ysis), we found a significantly higher risk of any frac-
ture in patients diagnosed with HF (N=49,242) than in
the controls (N=103,281) (RR 1.66, 95% CI 1.14-2.43,
P =94%, P=0.008, Fig. 2). A sensitivity analysis was
performed, and the heterogeneity (> =94%) originated
from the 2008 study by van Diepen et al. [11]. The
results were unchanged after excluding the two studies
(RR 1.25, 95% CI 1.13-1.39, P =27%), although the
RR was smaller.

Basic characteristics and quality evaluation of included studies

Table 1

Hip fracture (n) Location of NOS score

Follow-up Fracture (1)

years

BMI (mean (SD))

Age (years, mean (SD)) Female (%)

Study design Country Number

Study

fractures

HF Non-HF HF Non-HF

Non-HF HF Non-HF HF Non-HF

Non-HF HF

HF

Any and hip 9

Hip

18

26

147

93

NA
25.7(3.7) 25.0(3.3) >40
26.9 (6.4) 25.4(6.5) 7.5

NA

519 532

44.8 56

78 (NA)

71 (8)

14,253 73 (NA)
80 (4)

2041

Canada

van Diepen 2008 Cohort

113 526

NA NA

113 526

222 181

2270 19,089

Sweden
USA

Cohort
Cohort

Sennerby 2009
Gerber 2011

Any and hip 8

54
93

75.5(12.7) 754 (12.6) 54

961

961

Any and hip 8

249
NA NA
NA NA

55

185 2310
NA NA
NA NA

45

27 (5)
NA
NA

29 (6)
NA
NA

83

66 (10)
NA
NA

74 (9)

1841 43,668

Canada

Majumdar 2012 Cohort

Lai 2012

Any and hip 8

NA NA
NA NA

Taiwan 43,874 43,874 NA

USA
USA

Cohort
Cohort
Cohort

NA

Any
Hip

525 NA

4087

525
1526

Gerber 2014

159 316

159 316

27.4(5.0) 264 (4.5) 11.5

60

73.9 (5.71) 723 (5.45) 52

Carbone 2009

HF heart failure, NA not applicable, BMI body mass index
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Table 2 Summary of meta-

analysis results for HF and Analysis specification Studies RR (95% CI) Heterogeneity I (%) P value
fractures
All 5 1.66 (1.14-2.43) 94 0.008
Fracture locations
Hip 5 3.45 (1.86-6.40) 95 <0.001
Vertebral 2 1.78 (0.88-3.58) 88 0.11
Humerus 2 1.91 (1.07-3.40) 39 0.03
Forearm 2 1.06 (0.80-1.41) 0 0.69
Hip fracture risk for patients with or without a history  Discussion

of HF

One cohort study reported the OR, and four cohort studies
reported the HRs of patients who experienced hip fractures
(Fig. 3). The OR in the 2008 study by van Diepen et al. [11]
was transformed into a RR. The pooled analysis revealed a
significantly higher risk of hip fracture in patients with HF than
in those without HF (RR 3.45, 95% CI: 1.86-6.40, > =95%,
P <0.0001). The sensitivity analysis showed that the heteroge-
neity came from the Carbone et al. [9] and Majumdar et al. [8]
studies, and RR was markedly higher after excluding these two
studies (RR 4.71, 95% CI 3.78-5.86, I = 0%).

Fracture risk at other sites for patients with or
without a history of HF

Two studies reported fracture risks in the vertebrae, the humer-
us, and the forearm separately. The pooled analysis showed that
patients with HF had a significantly higher risk of fracture in the
humerus (RR 1.91, 95% CI 1.07-3.40, * = 39%, P =0.03) and
only a trend towards an increased risk of fracture in the verte-
brae and forearm (RR 1.78, 95% CI 0.88-3.58, F* =88%, P=
0.11; RR 1.06 95% CI 0.80-1.41, F = 0%, P = 0.69) compared
with those without a history of HF (Fig. 4).

Publication bias

There was no publication bias identified in any of the included
studies. For the overall analysis, no obvious publication bias
was identified by Begg’s and Egger’s tests (P =0.322 and P =
0.134, respectively).

This study is the first meta-analysis to examine the risk of
fracture in patients with HF. We found a significantly in-
creased risk of any fracture in patients with HF than in those
without HF, especially for hip and humerus fractures. These
data suggest that patients with HF may have an increased risk
of fracture and may need to pay greater attention to bone
health, especially patients at an advanced age.

The pathophysiological link between HF and fracture has
not been clear, although several possible mechanisms have
been proposed. First, HF and osteoporosis share some com-
mon etiological risk factors, such as aging, menopause,
smoking, vitamin D deficiency, and diabetes mellitus [1, 4,
5, 19]. Second, hypoxemia has been identified in patients with
stable HF, which may stimulate osteoclast formation and bone
resorption, thus leading to bone loss [20]. Third,
hyperaldosteronism and secondary hyperparathyroidism are
common in patients with HF, which may stimulate calcium
excretion and accelerate bone loss. Fourth, medications used
for treating HF, such as loop diuretics, have been shown to
stimulate bone loss and increase the risk of fractures [21-25].
Finally, patients with HF have been reported to have a higher
risk of falls, possibly due to frailty in patients with advanced
HF.

We found an increased risk of fracture in the hip but not in
the vertebrae in patients with HF, although vertebral compres-
sion fractures are the most common osteoporotic fractures.
This finding can be explained by the fact that the two included
studies that reported the vertebral fracture risk, Gerber et al.
[13] and Majumdar et al. [8], did not validate the fractures
with radiographic imaging. Most vertebral fractures are

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Lai 2012 0.1717 0.0344 21.9% 1.19[1.11, 1.27] =
Majumdar 2012 0.2418 0.0936 20.9% 1.27 [1.06, 1.53] —.
Gerber 2011 0.281 0.1537 19.3% 1.32[0.98, 1.79] |
Gerber 2014 0.5306 0.1906 18.1% 1.70[1.17, 2.47] —
van Diepen 2008 1.3736 0.1403 19.7% 3.95 [3.00, 5.20] —=
Total (95% Cl) 100.0% 1.66 [1.14, 2.43] -
Heterogeneity: Tau? = 0.17; Chi®? = 71.53, df = 4 (P < 0.00001); I*> = 94% t |

Test for overall effect: Z = 2.65 (P = 0.008)

0.1 0.2 0.5 ] 2 5 10
Favours HF Favours non-HF

Fig. 2 Forest plots of any fracture risk between the HF group and non-HF group
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Carbone 2009 0.2983 0.0925 21.8% 1.35[1.12, 1.62] -
Gerber 2011 1.72 0.352 17.4% 5.58 [2.80, 11.13] -
Majumdar 2012 1.0446 0.1407 21.3% 2.84 [2.16, 3.74] -
Sennerby 2009 1.4803 0.1264 21.4% 4.39[3.43, 5.63] -
van Diepen 2008 1.8459 0.3174 18.1% 6.33 [3.40, 11.80] —
Total (95% CI) 100.0% 3.45 [1.86, 6.40] > =

ity: 2 = . iZ = = © 12 = 959 k t t i
:eterfogeneltyl.sz;: ) nga (;Pan . 7(?53(,)(1:” 4 (P < 0.00001); 1 95% o1 o 0 100

est for overall effect: Z = 3.93 (P < 0. ) Favours no heart failure Favours failure
Fig. 3 Forest plots of risk of hip fracture between the heart failure group and non-heart failure group
Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
5.10.1 vertebral fracture
Gerber 2011 0.1989 0.209 17.7% 1.22 [0.81, 1.84] T
Majumdar 2012 0.915 0.1314 20.8% 2.50[1.93, 3.23] -
Subtotal (95% CI) 38.6% 1.78 [0.88, 3.58] <‘
Heterogeneity: Tau® = 0.23; Chi® = 8.41, df = 1 (P = 0.004); I = 88%
Test for overall effect: Z = 1.61 (P = 0.11)
5.10.2 humerus fracture
Gerber 2011 1.1632 0.5133 8.0% 3.20[1.17, 8.75] e —
Majumdar 2012 0.477 0.1558 19.9% 1.61[1.19, 2.19] -
Subtotal (95% CI) 27.9% 1.91 [1.07, 3.40] ‘
Heterogeneity: Tau® = 0.09; Chi® = 1.64, df = 1 (P = 0.20); I> = 39%
Test for overall effect: Z = 2.19 (P = 0.03)
5.10.3 forearm fracture
Gerber 2011 0.0433 0.3 14.1% 1.04 [0.58, 1.88] I
Majumdar 2012 0.0618 0.1664 19.5% 1.06 [0.77, 1.47] -
Subtotal (95% CI) 33.6% 1.06 [0.80, 1.41] 0
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.96); I> = 0%
Test for overall effect: Z = 0.39 (P = 0.69)
Total (95% CI) 100.0% 1.54 [1.09, 2.18] ‘

. 2 _ . 2 _ _ S12 I } } {
Heterogeneity: Tau® = 0.14; Chi* = 22.97, df = 5 (P = 0.0003); I° = 78% 001 o1 ] 10 100

Test for overall effect: Z = 2.42 (P = 0.02)
Test for subgroup differences: Chi? = 4.31, df = 2 (P = 0.12), I = 53.6%

Favours no heart faiulre Favours heart failure

Fig. 4 Forest plots of fracture risk at different sites between the HF group and non-HF group

asymptomatic and cannot be detected without radiographic
imaging [26]; therefore, the incidence rates in these two stud-
ies were underestimated. Another explanation is that only two
studies reported vertebral fractures, and the number of verte-
bral fractures was quite small compared with the number of
hip fractures, so the power may have been inadequate to

identify a difference in the vertebral fracture risk of patients
with HF compared to controls. More studies with larger sam-
ple sizes are needed to clarify whether patients with HF have
an increased risk of vertebral fractures.

The 2008 study by van Diepen et al. [11] reported a higher
risk of any fracture than was reported in any of the other 5

Table 3 Quality evaluation of

included studies based on NOS Study Selection Comparability Exposure/ NOS score
score Outcome
van Diepen 2008 Ak *ok EES 9
Sennerby 2009 LR ok e 9
Gerber 2011 EEE ook s ]
Majumdar 2012 Hekkok Hok *k 8
Lai 2012 okt ok sk 8
Gerber 2014 NA NA NA NA
Carbone 2009 ootk Hok Hkk 9
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studies and was identified as the main source of heterogeneity
in the meta-analysis. This may be because that study was
retrospective, while the other studies were prospective.
Moreover, the heterogeneity in hip fracture risk analysis may
have been due to the relatively high body mass index (BMI) of
the patients in the studies by Carbone et al. [9] and Majumdar
et al. [8], as a high BMI is a possible protective factor against
future fracture [27-30].

There are unique strengths to our study. This is the first
meta-analysis examining the association between HF and
fracture risk that has pooled all the available data. All the
included cohort studies were of high quality as assessed by
the NOS (Table 3), except for one abstract [10]. Furthermore,
instead of crude data, the adjusted ORs or HRs of the original
studies were used so that possible confounders had been ad-
justed for and more reliable results were obtained.

Nonetheless, there are several limitations in our study.
First, only observational studies were included instead of ran-
domized controlled trials, which could provide more reliable
evidence to clarify this topic. However, it is not possible to
conduct randomized controlled trials to explore whether HF is
a risk factor for fracture. The results from well-conducted
observational studies with large sample sizes and long
follow-up periods are also reliable. Moreover, the numbers
of fractures in specific sites were limited so that the power to
identify a difference in the risk of a specific fracture in patients
with HF compared to those without HF may have been
reduced.

In conclusion, this meta-analysis demonstrated that patients
with HF have an increased risk of any fractures, especially hip
and humerus fractures. As patients with HF live longer, more
attention needs to be paid to their bone health, especially in
those patients at advanced ages. Further studies are needed to
clarify the association of HF with fractures at specific sites and
the underlying pathophysiologic mechanisms.

Compliance with ethical standards

Conflict of interest None.

References

1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R,
Floyd J, Fornage M, Gillespie C, Isasi C (2017) Heart disease and
stroke statistics-2017 update: a report from the American Heart
Association. Circulation 135(10):e146—e603

2. Cummings SR, Melton LJ III (2002) Epidemiology and outcomes
of osteoporotic fractures. Lancet 359(9319):1761-1767

3. Johnell O, Kanis J (2006) An estimate of the worldwide prevalence
and disability associated with osteoporotic fractures. Osteoporos Int
17(12):1726-1733

4. Kanis JA (2002) Diagnosis of osteoporosis and assessment of frac-
ture risk. Lancet 359(9321):1929-1936. https://doi.org/10.1016/
S0140-6736(02)08761-5

@ Springer

10.

11.

12.

13.

15.

16.

18.

19.

20.

21.

22.

McFarlane SI, Muniyappa R, Shin JJ, Bahtiyar G, Sowers JR
(2004) Osteoporosis and cardiovascular disease. Endocrine 23(1):
1-10

Shane E, Mancini D, Aaronson K, Silverberg SJ, Seibel MJ,
Addesso V, McMahon DJ (1997) Bone mass, vitamin D deficiency,
and hyperparathyroidism in congestive heart failure fnl. Am J Med
103(3):197-207

Lai S-W, Liao K-F, Lai H-C, Tsai P-Y, Lin C-L, Chen P-C, Sung F-
C (2013) Risk of major osteoporotic fracture after cardiovascular
disease: a population-based cohort study in Taiwan. J Epidemiol
23(2):109-114

Majumdar SR, Ezekowitz JA, Lix LM, Leslie WD (2012) Heart
failure is a clinically and densitometrically independent risk factor
for osteoporotic fractures: population-based cohort study of 45,509
subjects. J Clin Endocrinol Metabol 97(4):1179-1186. https:/doi.
org/10.1210/¢.2011-3055

Carbone L, Bazkova P, Fink HA, Lee JS, Chen Z, Ahmed A,
Parashar S, Robbins JR (2009) Hip fractures and heart failure: find-
ings from the Cardiovascular Health Study. Eur Heart J 31(1):77—
84

Gerber Y, Roger VL, Melton LJ, Weston SA, Dunlay SM,
Chamberlain AM, Jiang R, McNallan SM, Amin S (2014)
Possible effect modification of beta-blockers on the association
between heart failure and fracture risk: a cohort study. Circulation
129

Van Diepen S, Majumdar SR, Bakal JA, McAlister FA, Ezekowitz
JA (2008) Heart failure is a risk factor for orthopedic fracture: a
population-based analysis of 16 294 patients. Circulation 118(19):
1946-1952. https://doi.org/10.1161/circulationaha.108.784009
Sennerby U, Melhus H, Gedeborg R, Byberg L, Garmo H, Ahlbom
A, Pedersen NL, Michaelsson K (2009) Cardiovascular diseases
and risk of hip fracture. Jama 302(15):1666—1673. https://doi.org/
10.1001/jama.2009.1463

Gerber Y, Melton lii LJ, Weston SA, Roger VL (2011) Osteoporotic
fractures and heart failure in the community. Am J Med 124(5):
418-425

Higgins J, Thompson SG (2002) Quantifying heterogeneity in a
meta-analysis. Stat Med 21(11):1539-1558

Begg CB, Mazumdar M (1994) Operating characteristics of a rank
correlation test for publication bias. Biometrics 50:1088—-1101
Egger M, Smith GD, Schneider M, Minder C (1997) Bias in meta-
analysis detected by a simple, graphical test. Bmj 315(7109):629—
634

Sennerby U, Farahmand B, Ahlbom A, Ljunghall S, Michaelsson K
(2007) Cardiovascular diseases and future risk of hip fracture in
women. Osteoporos Int 18(10):1355-1362. https://doi.org/10.
1007/300198-007-0386-0

Carbone L, Bkova P, Fink HA, Lee JS, Chen Z, Ahmed A, Parashar
S, Robbins JR (2010) Hip fractures and heart failure: findings from
the Cardiovascular Health Study. Eur Heart J 31(1):77-84. https://
doi.org/10.1093/eurheartj/ehp483

Wallis DE, Penckofer S, Sizemore GW (2008) The “sunshine
deficit” and cardiovascular disease. Circulation 118(14):1476—
1485

Arnett TR, Gibbons DC, Utting JC, Orriss IR, Hoebertz A,
Rosendaal M, Meghji S (2003) Hypoxia is a major stimulator of
osteoclast formation and bone resorption. J Cell Physiol 196(1):2—8
Kwok T, Leung J, Zhang Y, Bauer D, Ensrud K, Barrett-Connor E,
Leung P, Group OFiMR (2012) Does the use of ACE inhibitors or
angiotensin receptor blockers affect bone loss in older men?
Osteoporos Int 23(8):2159-2167

Graham S, Hammond-Jones D, Gamie Z, Polyzois I, Tsiridis E,
Tsiridis E (2008) The effect of 3-blockers on bone metabolism as
potential drugs under investigation for osteoporosis and fracture
healing. Expert Opin Investig Drugs 17(9):1281-1299


https://doi.org/10.1016/S0140-6736(02)08761-5
https://doi.org/10.1016/S0140-6736(02)08761-5
https://doi.org/10.1210/jc.2011-3055
https://doi.org/10.1210/jc.2011-3055
https://doi.org/10.1161/circulationaha.108.784009
https://doi.org/10.1001/jama.2009.1463
https://doi.org/10.1001/jama.2009.1463
https://doi.org/10.1007/s00198-007-0386-0
https://doi.org/10.1007/s00198-007-0386-0
https://doi.org/10.1093/eurheartj/ehp483
https://doi.org/10.1093/eurheartj/ehp483

Osteoporos Int (2019) 30:1903-1909

1909

23.

24.

25.

26.

27.

28.

Frost RJ, Sonne C, Wehr U, Stempfle H-U (2007) Effects of calci-
um supplementation on bone loss and fractures in congestive heart
failure. Eur J Endocrinol 156(3):309-314

Wiens M, Etminan M, Gill S, Takkouche B (2006) Effects of anti-
hypertensive drug treatments on fracture outcomes: a meta-analysis
of observational studies. J Intern Med 260(4):350-362

Rejnmark L, Vestergaard P, Heickendorff L, Andreasen F,
Mosekilde L (2006) Loop diuretics increase bone turnover and
decrease BMD in osteopenic postmenopausal women: results from
arandomized controlled study with bumetanide. J Bone Miner Res
21(1):163-170

Curtis JR, Mudano AS, Solomon DH, Xi J, Melton ME, Saag KG
(2009) Identification and validation of vertebral compression frac-
tures using administrative claims data. Med Care 47(1):69-72
Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM,
Ensrud KE, Cauley J, Black D, Vogt TM (1995) Risk factors for
hip fracture in white women. N Engl J Med 332(12):767-774
Joakimsen R, Fennebe V, Magnus J, Tollan A, Segaard AJ (1998)
The Tromse Study: body height, body mass index and fractures.
Osteoporos Int 8(5):436—442

29.

30.

De Laet C, Kanis JA, Odén A, Johanson H, Johnell O, Delmas P,
Eisman JA, Kroger H, Fujiwara S, Garnero P, McCloskey EV,
Mellstrom D, Melton LJ, Meunier PJ, Pols HAP, Reeve J, Silman
A, Tenenhouse A (2005) Body mass index as a predictor of fracture
risk: a meta-analysis. Osteoporos Int 16(11):1330—1338. https://doi.
org/10.1007/s00198-005-1863-y

Eddy D, CC JJ, Cummings S, Dawson-Hughes B, Lindsay R,
Melton L, Slemenda C (1998) Osteoporosis: review of the evidence
for prevention, diagnosis, and treatment and cost-effectiveness
analysis. Status report. Osteoporos Int 8(SUPPL. 4)

Publisher’s note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00198-005-1863-y
https://doi.org/10.1007/s00198-005-1863-y

	Heart failure and fracture risk: a meta-analysis
	Abstract
	Introduction
	Materials and methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Search results and quality assessments
	Any fracture risk for patients with or without a history of HF
	Hip fracture risk for patients with or without a history of HF
	Fracture risk at other sites for patients with or without a history of HF
	Publication bias

	Discussion
	References


