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Osteoporosis and bone fractures in alcoholic liver disease: A
meta-analysis
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Library). The search was conducted using Boolean
operators and keywords, which included “alcoholic
liver diseases”, “osteoporosis”, or “bone fractures”. The
prevalence of any fractures or osteoporosis, and bone
mineral density (BMD) were extracted and analyzed
using risk ratios and standardized mean difference
(SMD). A random effects model was applied.
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RESULTS: In total, 15 studies were identified and
analyzed. Overall, ALD demonstrated a RR of 1.944
(95%CI: 1.354-2.791) for the development of bone
fractures. However, ALD showed a RR of 0.849 (95%CI:
0.523-1.380) for the development of osteoporosis.
BMD was not significantly different between the ALD
and control groups, although there was a trend toward
lower BMD in patients with ALD (SMD in femur-BMD:
-0.172, 95%CI: -0.453-0.110; SMD in spine-BMD:
-0.169, 95%CI: -0.476-0.138). Sensitivity analyses
showed consistent results.
CONCLUSION: Current publications indicate significant
associations between bone fractures and ALD,
independent of BMD or the presence of osteoporosis.
Key words: Alcoholic liver diseases; Bone fractures;
Osteoporosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Excessive alcohol consumption is a wellestablished risk factor for osteoporosis and bone
fractures. However, light amounts of alcohol ingestion
is known to be associated with higher bone mineral
density (BMD) and low fracture rates. This study
evaluated the current evidence regarding osteoporosis
and bone fractures in alcoholic liver disease (ALD). In
this meta-analysis, there was significant associations
between bone fractures and ALD, independent of
BMD or the presence of osteoporosis. Although the

Abstract
AIM: To evaluate the association between alcoholic
liver disease (ALD) and bone fractures or osteoporosis.
METHODS: Non-randomized studies were identified
from databases (PubMed, EMBASE, and the Cochrane
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Selection criteria

mechanism of bone fractures in ALD is not totally
understood, further research utilizing a homogenous
population and controlling for confounding risk factors
for fractures could elucidate the mechanism.

Due to a lack of randomized-controlled studies relevant
to this topic, we included case-control or cohort studies
meeting all of the following criteria: (1) designed to
evaluate ALD in the target or control group; and (2)
included at least one outcome (prevalence of any
bone fractures, prevalence of osteoporosis, or BMD)
that enabled comparisons of osteodystrophy between
patients with ALD and the control group. The exclusion
criteria were as follows: (1) incomplete data; (2)
review article; or (3) abstract only (study not published
as full-text article).

Bang CS, Shin IS, Lee SW, Kim JB, Baik GH, Suk KT, Yoon JH,
Kim YS, Kim DJ. Osteoporosis and bone fractures in alcoholic
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Selection of relevant studies

Two of the authors (C.S.B. and G.H.B.) independently
evaluated the eligibility of all studies retrieved from
the databases based on the predetermined selection
criteria. The abstracts of all identified studies were
reviewed to exclude irrelevant articles. Full-text
reviews were performed to determine whether the
inclusion criteria were satisfied by the remaining
studies. Disagreements between the two evaluators
were resolved by discussion or by consultation with a
third author (D.J.K.).

INTRODUCTION
Chronic excessive alcohol consumption is a wellestablished risk factor for low bone density and
[1]
bone fractures . This is included in the fracture risk
assessment tool (FRAX), which estimates the 10-year
probability of bone fractures combined with other
clinical risk factors and the bone mineral density
[2,3]
(BMD) of the femoral neck . It is assumed that the
decreases in bone mass and strength resulting from
heavy alcohol use are due to an imbalance between
[4]
bone formation and resorption . However, ingestion
of light or moderate amounts of alcohol is known to
be associated with higher BMD and decreased fracture
[5-15]
rates
, although conflicting results exist because
of inconsistent standards of classification of light,
[13,16]
moderate, or heavy alcohol consumption
.
Osteoporosis and bone fractures are frequently
overlooked complications in patients with chronic
[17]
liver disease that could result in serious outcomes .
However, the exact prevalence or mechanism of
osteodystrophy in patients with alcoholic liver disease
(ALD), the deleterious outcome of chronic alcohol
abuse, have not been described. The aim of this study
was to evaluate the association between ALD and bone
fractures or osteoporosis.

Assessment of methodological quality

The methodological quality of the enrolled studies
[18,19]
was assessed using the Newcastle-Ottawa Scale
.
This tool is categorized into three parameters: the
selection of the study population, the comparability of
the groups, and the ascertainment of the exposure or
outcome. Each parameter consists of subcategorized
questions: selection (n = 4), comparability (n = 1),
and exposure or outcome (n = 3). Stars awarded
for each item serve as a quick visual assessment for
the methodological quality of the studies. A study
can be awarded a maximum of nine stars, indicating
[18,19]
the highest quality
. The included studies were
classified as high-quality (≥ 7 stars) or low-quality
(< 7 stars). Sensitivity analyses were performed
according to the criteria described above.

MATERIALS AND METHODS

Main and modifier-based analyses

Literature search

We investigated the relationship between ALD and
bone fractures or osteoporosis using adjusted risk
ratios (RRs) and standardized mean difference (SMD).
The prevalence of any fractures or osteoporosis
assessed by radiologic examinations and BMD
assessed by dual-energy X-ray absorptiometry (DXA)
or dual-photon absorptiometry (DPA) were extracted
and analyzed. Osteoporosis was defined as a value for
BMD that was 2.5 standard deviations or more below
[20]
the reference range . We also performed sensitivity
analyses based on methodological quality (high or
low), the area measured to determine BMD (femoral
neck or spine), the type of control group (normal,
healthy control or chronic liver diseases other than

MEDLINE (through PubMed), EMBASE, and the
Cochrane Central Register of Controlled Trials (CENTRAL)
in the Cochrane Library were searched using common
keywords related to ALD, osteoporosis, and bone
fractures (from inception to April 2014). Medical Subject
Headings (MeSH) terminology was used because all 3
databases permit searching using MeSH terminology.
The keywords used included “alcoholic liver diseases”,
“osteoporosis”, or “bone fractures” using Boolean
operators. Only publications on human subjects were
searched, and the bibliographies of relevant articles
were also reviewed to identify additional studies. The
language of publication was not restricted.
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Records identified through
database searching (n = 332)
Pubmed (n = 136)
Cochrane library (n = 2)
Embase (n = 194)

Additional records
identified through hand
searching (n = 7)

Records after duplicates removed (n = 199)

Records screened (n = 199)
Records excluded (n = 143)
Full-text articles assessed for eligibility (n = 56)

Full-text articles excluded, with reasons
(n = 41)
Review article (n = 20)
Incomplete data (n = 20)
BMD of Z -score which cannot be
combined with T-score (n = 1)

Studies included in qualitative synthesis (n = 15)

Studies included in quantitative synthesis
(meta-analysis) (n = 15)

Figure 1 Flow diagram for identification of relevant studies.

ALD), and the effect size, excluding outliers whenever
possible. Both a cumulative analysis and a one-studyremoved analysis were also performed.

lower BMD than the control group. Heterogeneity was
2
tested using the I test, which measures the percentage
[29]
2
of total variation across studies . I was calculated as
2
follows: I (%) = 100 × (Q-df)/Q, where Q is Cochrane’
s heterogeneity statistic and df means the degree of
2
freedom. Negative values for I were set to zero, and an
2
I value over 50% was considered to be of substantial
[30]
heterogeneity (range of 0-100%) . Pooled RRs with
95%CIs were calculated using a random effects model
and the method of DerSimonian and Laird because
[31]
of methodological heterogeneity . These results
2
were confirmed again by the I test. A fixed effects
model using the inverse variance-weighted (Woolf’s)
method was used in the sensitivity analyses, including
cumulative and one-study-removed analyses, based on
the assumption of a common effect size shared by the
[32,33]
subgroup studies
. Significance was set at P = 0.05 in
both models. Publication bias was evaluated using Begg’
s funnel plot, Egger’s test of the intercept, Duval and
Tweedie’s trim and fill, and Begg and Mazumdar’s rank
[34-38]
correlation test
.

Unit of analysis

For the present evaluation, the independent study
was the primary unit of analysis. Thus, for the
studies that had multiple control groups (reported
[21-25]
multiple outcomes)
or multiple BMD measured
[23,26]
at the femoral neck or spine simultaneously
, an
approach with a shifting unit of analysis was used for
the determination of an independent estimate of the
[27]
effect . In these studies, the biggest effect sizes of
the control groups or the BMD were used.

Statistical analysis

Comprehensive meta-analysis software (version
2.2.064, Borenstein M, Hedges L, Higgins J and
Rothstein H. Englewood, NJ: Biostat; United States) was
used for this meta-analysis. We calculated the RRs with
95%CIs using 2 × 2 tables from the original articles
whenever possible to reveal the relationship between
ALD and bone fractures or osteoporosis. To compare
the BMD directly between patients with ALD and the
control groups, the SMD was also used as another
effect size calculation. SMD is the difference in mean
value between groups divided by the SD among the
populations. Therefore, even if the actual scales for BMD
are different across the articles, individual data can be
combined. SMD was calculated as follows: SMD = (M1 M2) / pooled SD, where M1 is the mean BMD in the ALD
[28]
group and M2 is the mean BMD in the control group .
A negative value of SMD means the ALD group has a
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RESULTS
Identification of relevant studies

Figure 1 shows a flow diagram of how relevant studies
were identified. A total of 339 articles was identified
by a search of 3 core databases and a manual search
of relevant bibliographies. In all, 140 duplicate studies
and an additional 143 studies were excluded during
the initial screening through a review of the titles and
abstracts. The full texts of the remaining 56 studies
were thoroughly reviewed. Among these studies, 41
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Statistics for each study
Study name

Risk ratio Lower limit Upper limit

Ninkovic 2000
Carey 2003
Diamond 1990
Wibaux 2011
González-Reimers 2011
Lindsell 1982

1.698
1.664
1.875
1.377
33.725
3.725
1.944

1.165
0.911
0.929
0.822
2.144
1.813
1.354

2.474
3.042
3.784
2.305
530.617
7.653
2.791

P value

2.757
1.656
1.755
1.215
2.502
3.580
3.605

0.006
0.098
0.079
0.224
0.012
0.000
0.000

Heterogeneity: χ = 9.462, df = 5 (P = 0.092); I = 47.157%
2

Risk ratio and 95%CI

Z value

2

0.1

Test for overall effect: Z = 3.605 (P < 0.001)

0.2

0.5
Control

1

2
5
10
Alcoholic liver diseases

Figure 2 Association between alcoholic liver diseases and bone fractures. The size of each square is proportional to the study’s weight. Diamond is the
summary estimate from the pooled studies with 95% CI. ALD: Alcoholic liver diseases;CI: Confidence interval (random effect model).

Association between ALD and bone fractures or
osteoporosis

were excluded from the final analysis. The reasons
for study exclusion during the final review were as
follows: review article (n = 20), incomplete data (n
= 20), or use of Z-score for BMD, which cannot be
combined with T-score (n = 1). The remaining 15 nonrandomized studies were included in the final analysis.

The overall association of ALD and bone fractures was
evaluated by a random effects model-based meta[39,41,42,44-46]
analysis of 6 studies
. Overall, ALD showed a
RR of 1.944 (95%CI: 1.354-2.791, P < 0.001) for the
development of bone fractures (Figure 2).
The relationship between ALD and osteoporosis
was assessed by a random effects model-based meta[23,26,43,45,47]
analysis of 5 studies
. ALD showed a RR
of 0.849 (95%CI: 0.523-1.380, P = 0.509) for the
development of osteoporosis (Figure 3).
To compare the BMD directly between patients with
ALD and the control groups, the authors performed
a random effects model-based meta-analysis of 7
[21,22,24,25,40,43,47]
studies
in which the BMD was measured
[21,22,24,25,40,41,43,45,47]
at the femoral neck and 9 studies
in
which the BMD was measured at the spine. BMD was
not significantly different between the ALD and control
groups, although there was a trend toward lower BMD
in patients with ALD (SMD in the femoral neck BMD:
-0.172, -0.453-0.110, P = 0.233; SMD in the spine
BMD: -0.169, -0.476-0.138, P = 0.282).

Characteristics of studies included in the final analysis

Within the 15 studies, we identified a total of 726
participants (313 patients with ALD vs 413 controls) in
the analysis of bone fractures, 470 participants (260
patients with ALD vs 210 controls) in the analysis
of osteoporosis, and 769 participants (391 patients
with ALD vs 378 controls) in the analysis of BMD. The
clinical characteristics of the enrolled studies are shown
in Table 1.
The enrolled studies were published between
1982 and 2011. Eight studies were conducted in
[21,25,39-44]
Europe
, whereas the remaining studies were
[22,23,45]
conducted in the United States (n = 3)
, Canada (n
[24]
[46]
[26]
= 1) , Australia (n = 1) , India (n = 1) , and Korea
[47]
(n = 1) . All 15 articles were written in English. The
study format of each study was as follows; cohort study
[21-26,39,40,42,45]
[41,43,44,46,47]
(10)
and case-control study (5)
.
Three studies included a normal healthy population as
[40,41,44]
the control group
, although the remaining studies
included patients with chronic liver diseases other than
[21-26,39,42,43,45-47]
alcoholic etiologies as the control groups
.
[22,25,26,42]
Among the included studies, 4 studies
had
ALD groups that consisted only of cirrhotic patients,
[44,47]
whereas 2 studies
included no alcoholic cirrhotic
[23,24,39,45,46]
patients, and in 5 studies
, the presence or
absence of cirrhosis was not specified.
As for the measurement of BMD, only 1 study
used DPA using Prodigy: DPX-NT /DPX-MD + (General
[22]
Electric, Milwaukee, WI) , and the remaining
[21,24,25,40,41,43,45,47]
studies
used DXA.
In terms of the methodological quality, the authors
classified the included studies as high-quality (≥ 7
[26,39,40,45-47]
stars) or low-quality (< 7 stars). Six studies
were classified as high-quality, whereas the remaining
[21-25,41-44]
9 studies
were classified into the low-quality
group (Table 2).
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Sensitivity meta-analysis

The cumulative meta-analysis of the enrolled studies
in the order of published year showed a decreasing
trend of RRs, but a consistent and statistically
significant increase in bone fractures. With regard to
osteoporosis, the cumulative meta-analysis of the
enrolled studies showed an increasing trend of RRs
that was consistently non-statistically significant.
For the measurement of BMD, cumulative metaanalyses of enrolled studies showed a decreasing
trend in SMD, although there was still no difference
in BMD vs the control group. The one-study-removed
meta-analyses of the enrolled studies also showed
consistent results.
[39,45,46]
In the sensitivity analyses of high-quality
and
[41,42,44]
low-quality
studies for bone fractures, consistent
results were noted (RR = 1.719, 95%CI: 1.285-2.299,
P < 0.001; RR = 2.058, 95%CI: 1.360-3.114, P =
0.001). Consistent results were also noted in the
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40 ALC, 48
Non-LC

49

90

39

All (39)

Overall
fractures

31

All (31)

All (67)

20

17

66

Unidentifiable

17

21

46

6

40

72

124

Vertebra

Overall
fractures

6

12

18

0

19

13

17

12

10

Control
fracture

Bone fractures
ALD Total
fracture ALD

51 ALC, 61
Non-LC

41 ALC, 30
Non-LC

All (17)

0

Predominantly
LC
Unidentifiable

Unidentifiable

Vertebra

Peripheral
bone

Unidentifiable

Unidentifiable

Rib or clavicle

Fracture site
0

LC in ALD

30 (normal
control)

60 (other
CLD)

43 (LC-HCV)

46 (viral CLD)

38 (normal
control)

69 (LC-HCV)

68 (HCV)

55 (HCV)

31 (other
CLD)

149 (normal
control)
75 (other
CLD)

Total control

16

9

4

12

5 (L), 4 (FN)

67

77

18

66

32

Total control

10

0

3

19

48 (viral LC)

28 (normal
control)

18 (normal
control)

68 (HCV)

15 (L), 5 (FN) 48 (other LC)

Control
osteoporosis

Osteoporosis
ALD
Total
osteoporosis ALD

Control BMD

T (L): -1.15 ± 1.18

3

T (L1-4): -1.51 ± 1.35,
T (FN): -1.31 ± 1.02
T (L1-4): -0.34 ± 1.46,
T (FN): -0.07 ± 1.45

T (LS): -1.17 ± 1.22,
T (FN): -1.24 ± 1.38

2

T (L): -0.56 ± 0.9

3

T (L1-4): -1.08 ± 1.35,
T (FN): -1.11 ± 1.07
T (L1-4): -0.83 ± 1.66,
T (FN): -0.56 ± 1.49

2
T (LS): -0.5 ± 0.86,
T (FN): -0.36 ± 1.34

T (L2-4): -1.17 ± 0.16, T (L2-4): 1.23 ± 0.25,
T (FN): 0.97 ± 0.18
T (FN): 0.98 ± 0.16
1
1
T (L): -1.2 ± 1.16,
T (L): -0.49 ± 0.89,
T (FN): -1.1 ± 1.28
T (FN): -0.5 ± 1.23

T (L2-4): 1.04 ± 0.14, T (L2-4): 1.131 ± 0.22,
T (FN): 0.844 ± 0.12 T (FN): 0.908 ± 0.15

T (L1-4): -0.94 ± 1.38, T (L1-4): -1.59 ± 1.6,
T (FN): -1.49 ± 1.15 T (FN): -1.66 ± 1.27
T (L1-4): -0.87 ± 1.61 T (L1-4): -1.43 ± 1.68

ALD BMD

Measured only in 23 patients for each group; 2Measured in 117 patients with ALD and 24 patients in control group; 3Measured in 85 patients with ALD and 28 patients in control group. LC: Liver cirrhosis; ALD: Alcoholic liver
disease; BMD: Bone mineral density; CLD: Chronic liver disease; Other CLD: CLD of etiology other than alcohol; L: Lumbar spine, FN: Femoral neck bone; Other LC: Liver cirrhosis of etiology other than alcohol; HCV: Chronic
hepatitis C.

1

Population characteristics

149 CLD (72 ALD, 77 non-alcoholic
CLD), 149 normal controls
Diamond et al[46]
115 CLD (M: 72, F: 43),
113 Controls (M: 52, F: 61)
Bonkovsky et al[23]
133 CLD (M: 70, F: 63,
Mean age: 47 ± 1.1)
Ninkovic et al[39]
37 CLD (6 ALD, 31 other CLD)
(M: 20, F: 17, Mean age: 51.3,
range: 32-65)
Ninkovic et al[21]
243 CLD (M: 128, F: 115,
Mean age: 51.1 ± 10.9)
Carey et al[45]
207 CLD (66 ALD, 73 HCV + ALD,
68 HCV) (M: 131, F: 76, Mean age:
51, range: 32-68)
Kim et al[47]
18 ALD (Mean age: 50.2 ± 9.5),
18 normal controls
(Mean age: 51.2 ± 14)
Sokhi et al[22]
104 CLD (M: 54, F: 50,
Mean age: 54.4 ± 12.9)
Alvisa-Negrín
77 ALD (M: 68, F: 9, Mean age:
et al[43]
50.43 ± 10.81), 28 normal controls
(M: 25, F: 3, Mean age: 49.83 ± 9.24)
González-Reimers 124 ALD (Mean age: 50.5 ± 11.23),
et al[40]
38 Controls
(Mean age: 48.47 ± 11.08)
Mitchell et al[24]
117 CLD (M: 74, F: 43,
Mean age: 50.4 ± 10.5)
Mahmoudi et al[25]
109 CLD (M: 72, mean age: 55.3 ±
11.4, F: 37, mean age: 65.2 ± 11)
Wibaux et al[42]
99 CLD (M: 79, F: 20,
mean age: 55 ± 8)
Choudhary et al[26]
115 LC (M: 107, F: 8,
mean age: 49 ± 5.5)
González-Reimers 90 ALD (Mean age: 50.14 ± 10.49),
et al[41]
30 normal controls
(Mean age: 50.11 ± 10.4)

Lindsell et al[44]

Ref.

Table 1 Clinical data of included studies
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Statistics for each study
Study name

Risk ratio Lower limit Upper limit

Carey 2003
Bonkovsky 1990
Choudhary 2011
Kim 2003
Alvisa-Negrín 2009

0.651
0.500
1.146
1.333
7.064
0.849

0.344
0.202
0.570
0.347
2.425
0.523

1.232
1.240
2.303
5.127
117.532
1.380

P value

-1.319
-1.496
0.383
0.419
1.363
-0.660

0.187
0.135
0.701
0.675
0.173
0.509

Heterogeneity: χ = 5.281, df = 4 (P = 0.26); I = 24.261%
2

Risk ratio and 95%CI

Z value

2

0.1 0.2
0.5    1
2
5
10
Control
Alcoholic liver diseases

Test for overall effect: Z = -0.66 (P = 0.509)

Figure 3 Association between alcoholic liver diseases and osteoporosis. The size of each square is proportional to the study’s weight. Diamond is the summary
estimate from the pooled studies with 95%CI. ALD: Alcoholic liver diseases; CI: Confidence interval (Random effect model).

Currently, DXA is recommended for the measure
[48]
ment or monitoring of BMD . A T-score measured by
DPA, a different tool for the measurement of BMD, could
result in significant bias. Thus, an analysis excluding
[22]
the study
that utilized DPA for the measurement
of BMD was performed. The sensitivity analysis for
BMD excluding the study that measured BMD by DPA
demonstrated results consistent with the full analysis
(SMD in femoral neck BMD: -0.157, -0.357-0.043, P =
0.123; SMD in spine BMD: -0.073, -0.234-0.088, P =
0.375).

Table 2 Methodological quality of included studies measured
by Newcastle-Ottawa scale
Study

Selection Comparability

Lindsell et al[44]
Diamond et al[46]
Bonkovsky et al[23]
Ninkovic et al[39]
Ninkovic et al[21]
Carey et al[45]
Kim et al[47]
Sokhi et al[22]
Alvisa-Negrín et al[43]
González-Reimers et al[40]
Mitchell et al[24]
Mahmoudi et al[25]
Wibaux et al[42]
Choudhary et al[26]
González-Reimers et al[41]

2
3
3
4
3
3
3
3
3
3
3
3
3
3
3

1

1
2
1
1

2
1

Exposure or Total
outcome
3
3
2
3
3
3
3
3
2
3
3
3
3
3
2

5
7
5
7
6
7
8
6
6
7
6
6
6
8
6

Analysis of publication bias

A funnel plot for the enrolled studies was asymmetrical.
Egger’s regression test revealed that the intercept was
2.442 [95%CI: -0.282-5.167, t-value: 2.489, df: 4, P =
0.034 (1-tailed) and P = 0.068 (2-tailed)]. A trim and fill
analysis showed that 1 study was missed or trimmed.
The rank correlation test showed a Kendall’s tau of 0.800
with a continuity correction [P = 0.012 (1-tailed) and P
= 0.024 (2-tailed)].
A funnel plot for the enrolled studies of the analysis
of the association between ALD and osteoporosis
is also asymmetrical. However, Egger’s regression
test revealed that the intercept was 1.644 [95%CI:
-2.081-5.368, t-value: 1.405, df: 3, P = 0.127 (1-tailed)
and P = 0.255 (2-tailed)]. A trim and fill analysis
showed that 2 studies were missed or trimmed. The
rank correlation test showed a Kendall’s tau of 0.300
with a continuity correction [P = 0.231 (1-tailed) and P
= 0.462 (2-tailed)].
In the evaluation of the BMD measured at the
femoral neck between the ALD and control groups,
the resulting funnel plot was of a symmetrical shape.
Egger’s regression test revealed that the intercept was
-3.701 [95%CI: -12.537-5.135, t-value: 1.076, df: 5,
P = 0.165 (1-tailed) and P = 0.331 (2-tailed)]. A trim
and fill analysis showed that no study was missed or
trimmed. The rank correlation test showed a Kendall’
s tau of -0.19 with a continuity correction [P = 0.274
(1-tailed) and P = 0.548 (2-tailed)].
In the evaluation of the BMD measured at the
spine between the ALD and control groups, the funnel
plot showed a symmetrical shape. Egger’s regression
test revealed that the intercept was -6.231 [95%CI:

sensitivity analysis of osteoporosis in both the high[26,45,47]
[23,43]
quality
and low-quality
studies (RR = 0.885,
95%CI: 0.568-1.381, P = 0.592; RR = 0.642, 95%CI:
0.271-1.523, P = 0.315).
When analyzing the included studies by the
characteristics of the control, the association between
ALD and bone fractures was statistically significant
both in studies utilizing the normal healthy population
[41,44]
as the control arm
(RR = 7.379, 95%CI:
1.001-54.391, P < 0.05) and studies with CLD (etiology
[39,42,45,46]
other than alcohol) serving as the control arm
(RR = 1.629, 95%CI: 1.265-2.099, P < 0.001).
In the analysis of the association between ALD and
[41]
bone fractures, the outlier
was noted to have an
effect size of 33.725 (RR) (Figure 2). After excluding
[41]
this outlier in the analysis of the association between
ALD and bone fractures, the result was unchanged
and was statistically significant (RR = 1.811, 95%CI:
1.370-2.395, P < 0.001).
For the association between ALD and osteoporosis,
[43,47]
studies using a normal, healthy control-arm
showed a RR = 1.908 (95%CI: 0.498-7.300, P =
0.346), and studies with CLD (etiology other than
[23,26,45]
alcohol) as a control arm
showed a RR = 0.751
(95%CI: 0.474-1.188, P = 0.221), which did not differ
from the general analysis (Figure 3).
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-12.759-0.296, t-value: 2.257, df: 7, P = 0.029
(1-tailed) and P = 0.059 (2-tailed)]. A trim and fill
analysis showed that no study was missed or trimmed.
The rank correlation test showed a Kendall’s tau of
-0.25 with a continuity correction [P = 0.174 (1-tailed)
and P = 0.348 (2-tailed)].
Overall, publication bias was detected in the
analysis of bone fractures and osteoporosis. However,
there was no evidence of publication bias in the
analysis of BMD.

effect size (vs ALD). Moreover, CLD is a complex
and vague terminology that cannot include specific
populations. ALD may include alcoholic fatty liver,
alcoholic hepatitis, and liver cirrhosis of alcoholic
origin. Despite the anticipated problems described
above, the main analysis and the sensitivity analyses
divided by control-group (normal population vs CLD)
showed consistent results regarding bone fractures,
osteoporosis, and BMD. The proportion of liver cirrhosis
in ALD was unidentifiable in most of the enrolled
studies. Future studies using homogenous populations
are needed to determine the applicability of these
results to the subpopulations of ALD or CLD.
Another modifier was the quality of the enrolled
studies. The included studies were classified as being
either in the high-quality (≥ 7 stars) or the low-quality
group (< 7 stars). This standard was decided by the
authors. The average number of stars awarded in 15
studies was 6.4 (Table 2). Of note, 8 studies were
awarded zero stars in the section of comparability.
Despite the pitfalls of methodological quality, the
sensitivity analyses divided by study quality showed
consistent results. High-quality studies are needed for
the wide application of these results.
During the main and sensitivity analyses, a
[41]
significant outlier
was observed. In the analysis
of the association between ALD and bone fractures,
the effect size of the outlier (RR = 33.725) was more
than 10 times the adjusted effect size (RR = 1.944)
(Figure 2). The analysis excluding the outlier showed
consistent results. The reason for the large effect size
of the outlier is postulated to be a methodological
problem. In this study, the presence of fracture was
[41]
recorded by anamnesis and chest X-ray film . This
inaccurate methodology could overestimate the rate
of bone fractures. Moreover, the quality measured by
NOS was low (6 stars) in this study.
In terms of the main mechanism behind the
pathophysiology of bone fractures and osteoporosis
in ALD, it is inferred that alcohol causes an imbalance
in bone remodeling with a predominant decrease in
[4,15,51]
bone formation
. Alcohol is known to cause direct
effects on the numbers and activity of osteoblasts and
[4]
osteoclasts . In addition to the direct effects of alcohol
on the osteoblasts and osteoclasts, many indirect
effects have also been reported. These indirect effects
are mainly linked to impaired nutrition, which leads
to weight loss, decreased fat and lean body mass,
and hormone alterations, which may change in bone
[4,15,51]
cell activity
. More recent studies indicated the
effects that alcohol have on bone mass may be due
to a suppression of the Wnt/DKK1 signaling pathway
[52,53]
through the stimulation of oxidative stress
. With
an accumulating body of evidence regarding the effects
alcohol has on the skeletal system, a more detailed
pathophysiology could be confirmed in the near future.
This study is the first meta-analysis examining
the association between ALD and bone fractures

DISCUSSION
In this meta-analysis, bone fracture was associated
with ALD, whereas osteoporosis was not associated
with ALD. This signifies that the fractures occurring
in patients with ALD could be BMD-independent
fractures. This result is consistent with the findings
[49]
of a previous meta-analysis by Kanis et al . This
study concluded that high intake of alcohol confers
a substantial risk for fractures and that this risk is
[49]
largely independent of BMD . However, there are
several considerations when interpreting the results
of these studies. The meta-analysis by John A. Kanis
[49]
et al aimed to quantify the fracture risk associated
with alcohol consumption in the normal population. As
demonstrated in previous studies, light to moderate
amounts of alcohol use decrease fracture rates and
increase bone density, which is contrary to the results
[5-15]
of heavy alcohol consumption
. This is known as
the threshold effect, indicating a J-shaped relationship
between alcohol consumption and fracture risk, which
[15]
was confirmed by another meta-analysis . However,
studies in the normal population have the problem
of spectrum bias. The proportion of heavy alcoholics
in the cohort dictates the threshold, and studies
with a low proportion of heavy alcohol users lack the
[49]
power required to examine this effect . Moreover,
these studies have the limitation of timing for alcohol
consumption measurement and self-reported alcohol
[15]
consumption, which could be inaccurate . Contrary
to the studies consisting of the normal population, our
study enrolled articles utilizing the ALD population.
Considering that ALD is the deleterious outcome
of chronic alcohol abuse, these limitations could be
minimized in our study.
In the present study, however, there was also
substantial methodological heterogeneity between
the enrolled studies, which had a potential effect on
the risk estimates. This phenomenon was evaluated
by sensitivity analyses for the confirmation of the
robustness of this meta-analysis. The most noticeable
modifier was the different populations used as
control groups among the enrolled studies. Previous
studies have suggested that metabolic bone disease
is prevalent in CLD, especially in cholestatic liver
[17,50]
disease
. Thus, studies with CLD as a control group
run the potential risk of reporting an underestimated
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or osteoporosis. The strength of this study is the
evaluation of 3 effect sizes. The main result was
confirmed, compared, and interpreted with regard to
the other effect sizes. Another strength of this analysis
is the selection of ALD for the study population. As
described above, biases from various standards
of alcohol consumption (light, moderate, heavy,
or binge drinking), inaccurate amounts of alcohol
consumption from self-reporting, and inconsistent
timing for the measurement of alcohol consumption
could be minimized. Potential modifiers were detected
whenever possible from the articles and evaluated
through the sensitivity analyses.
Despite its strengths, there are several limitations
within the present study. First, there was no conside
ration given to any potential confounders, which could
be influential to bone fractures and osteoporosis.
These include sex, age, menopausal status, bone
fracture history, family history of bone diseases or
fractures, smoking, medications such as corticosteroids
and body composition. However, most the important
confounder is assumed to be trauma, such as frequent
falls in patients with ALD. As noted in many studies,
this powerful but easily overlooked confounder should
be included via a thorough history in the studies
[4,15]
relevant to this topic
. Second, the NewcastleOttawa scale was used to assess the methodological
quality of the studies. This scale has been criticized for
[54]
its low agreement between authors and reviewers .
Alternative tools such as the risk of bias table by the
Cochrane group have been proposed as an alternative
approach. However, this particular tool has strength in
the evaluation of randomized studies, and poor inter[55]
rater agreement was also noted . Additional validated
and commonly used tools are needed.
In conclusion, current publications indicate a
significant association between bone fractures
and ALD, independent of BMD or the presence of
osteoporosis. Due to the qualitative and quantitative
heterogeneity among studies, further studies
utilizing homogenous populations and controlling for
confounding risk factors for fractures are needed to
elucidate the underlying mechanism of bone fractures
in ALD.

From the fifteen non-randomized studies, ALD demonstrated a RR =1.944
(95%CI: 1.354-2.791) for the development of bone fractures. However,
ALD showed a RR = 0.849 (95%CI: 0.523-1.380) for the development of
osteoporosis.

Applications

Current publications indicate significant associations between bone fractures
and ALD, independent of BMD or the presence of osteoporosis. Although the
mechanism of bone fractures in ALD is not totally understood, further research
utilizing a homogenous population and controlling for confounding risk factors
for fractures could elucidate the mechanism.

Terminology

ALD: Excessive alcohol consumption is associated with a spectrum of hepatic
manifestations, including alcoholic fatty liver, alcoholic hepatitis, and cirrhosis.
These diseases share the core cause of hepatic injury which is an excessive
alcohol consumption and generally refers to alcoholic liver disease.

Peer-review

The study addresses an interesting topic and merit. However, it has some
intrinsic methodological limitations which decrease its potential clinical impact.
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