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POINT OF VIEW

Alcoholic liver disease and changes in bone mineral density
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ABSTRACT
Osteoporosis and osteopenia are alterations in bone mineral
density (BMD) that frequently occur in the context of chronic liver
disease (CLD). These alterations have been studied predominantly
in chronic cholestatic disease and cirrhosis of the liver. Alcohol
consumption is an independent risk factor for the onset of
osteoporosis, whose estimated prevalence in patients with alcoholic
liver disease (ALD) ranges between 5 % and 40 %. The loss of BMD
in ALD is the result of an imbalance between bone formation and
resorption. Its pathogenesis is multifactorial and includes the toxic
effects of alcohol on bone and endocrine and nutritional disorders
secondary to alcoholism and a deficiency of osteocalcin, vitamin
D and insulin growth factor-1. The diagnosis of BMD alterations
in ALD is based on its measurement using bone densitometry.
Treatment includes smoking and alcohol cessation and general
measures such as changes in nutrition and exercise. Calcium and
vitamin D supplements are recommended in all patients with
ALD and osteoporosis. Bisphosphonates are the most commonly
prescribed drugs for the specific treatment of this condition.
Alternatives include raloxifene, hormone replacement therapy and
calcitonin.
This review will address the most important aspects involved in
the clinical management of abnormal BMD in the context of ALD,
including its prevalence, pathogenesis and diagnosis. We will also
review the treatment of osteoporosis in CLD in general, focusing
on specific aspects related to bone loss in ALD.
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ABBREVIATIONS
ALD: Alcoholic liver disease.
BMD: Bone mineral density.
BMI: Body mass index.
CLD: Chronic liver disease.
HCV: Hepatitis C virus.
IGF-1: Insulin growth factor-1.
IL-1b: Interleukin 1-beta.
IL-6: Interleukin-6.
OC: Osteocalcin.
OLT: Orthotopic liver transplantation.
OPG: Osteoprotegerin.
PBC: Primary biliary cirrhosis.
PTH: Parathyroid hormone.
RANK: Receptor activator of nuclear factor-KappaB.
RANKL: Receptor activator of NF-KappaB ligand.
SHBG: Sex hormone-binding globulin.
TNF-a: Tumour necrosis factor-alpha.
VDR: Vitamin D receptor.
INTRODUCTION
Chronic liver disease (CLD) is a major cause of morbidity and mortality worldwide. It involves haemodynamic
and metabolic complications, such as liver failure, portal
hypertension, encephalopathy, ascites, hepatorenal syndrome and gastrointestinal bleeding from oesophageal
varices (1). CLD is also a risk factor for the development
of osteoporosis and bone fractures. The term “hepatic
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osteodystrophy” is used to refer generally to various bone
disorders that develop in the context of chronic liver disease. This general term encompasses osteopenia, osteoporosis and osteomalacia. The first two are characterised
by a loss of mineral density and a deterioration of bone
microarchitecture, which predisposes to fragility fractures.
However, osteomalacia, which is characterised by poor
bone mineralization, is very seldom observed in CLD (2).
BMD loss and the consequent increase in fracture risk
have been described mainly in chronic cholestatic diseases –primary biliary cirrhosis (PBC) and primary sclerosing
cholangitis– and in advanced stages of liver cirrhosis (3).
However, an increasing number of observations have been
published in recent years on the topic of BMD alterations
in the context of liver diseases of other aetiologies and in
the non-cirrhotic stage, such as viral hepatitis (4), non-alcoholic fatty liver disease (5), alcoholic liver disease (6)
(ALD) and haemochromatosis (7,8).
ALD is a leading cause of liver-related death in developed countries (9), and covers a broad spectrum of clinical
and laboratory manifestations, ranging from asymptomatic
fatty liver to alcoholic hepatitis or cirrhosis with liver failure, jaundice, coagulation disorders and encephalopathy.
The American College of Gastroenterology has drawn
up some guidelines with recommendations for the diagnosis of ALD, which give special importance to medical
history, clinical signs and laboratory findings (10). It is
important to be familiar with the risk factors that promote
the development of advanced liver failure. These notably
include the high prevalence of hepatitis C virus (HCV)
infection reported among alcoholics (between 25 % and
65 %), which favours the progression of liver fibrosis and
associated comorbidity (11).
Alcohol consumption is a risk factor for the onset of
osteoporosis and has been associated with an increased
risk of osteoporotic bone fracture in men, irrespective of
the presence of cirrhosis or hypogonadism (12-14). A study
that included 96 male alcoholics detected radiological osteoporosis in 47 % of the men, most of them aged between
46 and 62 years (15). Another study that compared 39 male
alcoholics with 19 healthy non-drinkers reported osteopenia in 23 % of those who drank > 100 g of alcohol/day for
more than 10 years. In addition, the group of alcoholics
exhibited significantly lower levels of bone Gla protein,
and their bone mineral density (BMD) correlated inversely
with cumulative alcohol intake (16). The presence of BMD
abnormalities among alcoholic patients has been studied in
different papers, with mixed results: While some studies
found no significant changes in bone mass (17,18), other
authors have reported a decrease in BMD among individuals with active alcoholism (19,20).
The prevalence of abnormal BMD in patients with
ALD varies in the series published, which include cirrhotic patients with chronic liver disease of different aetiologies. In these series, the prevalence of osteoporosis was
41 %, while that of osteopenia ranged between 26 % and
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47 % (21-30) (Table I). Specific studies have been conducted in alcoholic subjects with associated liver disease in
very uneven proportions (cirrhosis between 0 % and 52 %),
where the incidence of osteoporosis was 11-22 % while
osteopenia affected 100 % of the patients (6,19,20,31-33)
(Table II). Alcohol-induced liver disease encompasses a
wide spectrum of illnesses, and consequently it is difficult
to specify an exact prevalence for each stage. According
to what is described in CLD of other aetiologies, the highest incidence of BMD loss is seen in cases of cirrhosis.
Particular attention should therefore be paid to the risk of
osteopenia and osteoporosis in patients with established
alcoholic cirrhosis. The series published report predominance in men, although male sex is also the most prevalent
among alcoholics in the general population. Risk factors
involved in BMD loss vary from one study to another and
are summarised in tables I and II.
AETIOPATHOGENESIS
BMD loss in chronic alcohol-induced liver disease is
multifactorial and is largely determined by a defect in bone
tissue formation. Most studies on osteoporosis in CLD
describe deficient osteoblast function as the predominant
pathogenic mechanism, as has been shown in histomorphometric studies of bone biopsies from individuals with
PBC (34,35). Deficient osteoblast function is also reflected
by the low levels of osteocalcin (OC) and IGF-1 (insulin
growth factor-1) deficiency observed in CLD of different
aetiologies (36). However, an increase in osteoclast activity could also influence the development of bone disease, as
showed by histomorphometric tests conducted in the context of chronic cholestatic disease (37,38). In addition, both
the serum and the bilirubin of jaundiced patients with PBC
and advanced-stage CLD increase the gene expression of
factors linked to osteoclastogenesis in human osteoblast
and SAOS-2 osteosarcoma cell cultures (39). Chronic
alcohol consumption also promotes osteoclast activity in
murine models through interleukin (IL)-6-mediated induction of the RANKL (receptor activator of NF-KappaB
ligand) system (40).
From an aetiopathogenic point of view, there are three
main groups of risk factors for the development of alterations in bone mass in patients with alcoholic liver disease:
1. Ethanol has a direct dose-dependent toxic effect on
osteoblasts, which inhibits bone formation and turnover
(31). The negative effect of alcohol on the proliferation of
osteoblast cultures has been demonstrated both in healthy
subjects and in animal models (41). A deterioration in the
biomechanical properties of bone, a reduction in femoral
cortical BMD and an imbalance between bone formation
and resorption could all be observed in these models (42).
In a group of 32 alcoholics, the prevalence of osteoporosis was 34 %, with a significant reduction in lumbar and
femoral BMD, and decreased bone formation associated
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Table I. Published studies of patients with chronic liver disease of mixed aetiology, including alcoholic liver disease
Author
and year

Aetiology
(% alcoholic)

n
Cirrhosis
(no. men) (% Child A/B/C)

Study type

Crawford,
2003 (21)

Viral
ALD (16.8 %)
Chronic
cholestasis
Othera

113
(81)

100 %
(25.6/43.3/30.9)

Carey,
2003 (22)

HCV
ALD (31.8 %)
HCV+ALD
(35.2 %)

207
(131)

Sokhi,
2004 (23)

HCV
ALD (16.3 %)
Cholestatic
Otherb

George,
2009 (24)

Differences
between
aetiologies

Risk factors involved

Unchecked Osteopenia: 40 %
description Osteoporosis: 31 %
M, 22 % W

No

Age (W)
Testosterone levels (M)
Low levels of 25OHD3Loss of BMD FN

100 %

Unchecked Osteopenia: 26.7 %
description Osteoporosis 18.3 %
T-score L: -0.87 +
1.61*

Osteoporosis
in HCV 28.1 %
vs. 13.8 % in
HCV + ALD (p
= 0.02)

T-score associated with
risk of fracture

104
(54)

100 %
(-/49.1/50.9)

Unchecked Osteopenia 34.6 %
description Osteoporosis 11.5 %

No

Female sex
T-score lower in Child C
vs. Child B (p < 0.0001)

Viral
ALD (51.3 %)

72 (63)

100 %
(31.9/54.1/13.8)

Unchecked Low BMD (Z-score <
description 2.0): 68 % overall;
56.7 % ALD

NS

Low physical activity
Low sun exposure
Low lean body mass
Low BMD associated
with low levels of IGF-1
(p < 0.05)

Loria,
2010 (25)

Viral
ALD (28 %)
Viral + ALD
(11 %)

35 (27)

100 %
(20/37/43)

Unchecked Osteopenia 26 %
description Osteoporosis 14 %

No

Cirrhosis

Mitchell,
2011 (26)

Viral
ALD (17 %)
Chronic
cholestasis
Otherc

117
(74)

100 %

Unchecked Osteopenia 47 %
description Osteoporosis 21.4 %
T-score L -1.51 +
1.35*

No

Low BMI and low levels
of IGF-1 associated with
low BMD in FN and L.
Low levels of 25OHD3
associated with low BMD
in FN

Mahmoudi, Viral
2011 (27)
ALD (28.4 %)

109
(72)

100 %
(100/-/-)

Unchecked Osteopenia 44 %
description Osteoporosis 14.6 %

No

Female sex

Wibaux,
2011 (28)

99 (70)

100 %

Unchecked Osteopenia 35 %
description Osteoporosis 38 %

No

Low BMD associated
with risk of vertebral
fracture
Negative correlation
between bone resorption
markers and lumbar and
hip BMD
Negative correlation
between MELD and hip
BMD

Choudhary, Viral
2011 (29)
ALD (58.2 %)

115
(107)

100 %

Unchecked Low BMD 97 %
description alcoholic cirrhosis
Osteopenia 55.2 %*
Osteoporosis 41.7 %

No

Negative correlation of
PTH levels and BMD

AlcaldeVargas,
2012 (30)

486
(384)

100 %
(22/51/27)

Unchecked Osteopenia: L 40 %,
description FN 43 %
Osteoporosis: L
23 %, FN 5 %

No

Female sex
Low BMI
Nicotine intake

Viral
ALD (75.7 %)
Otherd

Viral
ALD (59 %)
Chronic
cholestasis
Othere

BMD (bone mineral
density)

L: Lumbar; FN: Femoral neck; W: Women; M: Men; HCV: Hepatitis C virus; ALD: Alcoholic liver disease; 25OHD3: 25-hydroxyvitamin D3; MELD: Model
for End-Stage Liver Disease; NS: Not specified. aCryptogenic, autoimmune hepatitis. bCryptogenic cirrhosis, hereditary haemochromatosis, non-alcoholic
steatohepatitis, autoimmune hepatitis. cHereditary haemochromatosis, Wilson’s disease, alpha 1-antitrypsin deficiency. dAutoimmune hepatitis, chronic
cholestatic disease. ePrimary and secondary biliary cirrhosis, other unspecified causes.
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Table II. Studies in alcoholic patients with and without liver cirrhosis
Author
Year

Alcohol
consumption
g/day

n (no.
ben)

Cirrhosis n/%
Child (A/B/C)

Study type

% altered BMD

T-score

Main results

Kim,
2003 (19)

97.7 (range
43-430)

18
(18)

0

Checked
description

Osteopenia 50 %
Osteoporosis 22 %

L: 1.040 + 0.14
FN: 0.844 +
0.12

Relationship between
cumulative amount of
alcohol ingested and
lumbar BMD

Malik,
2009 (20)

Men: 259.2 + 57
133.2
(37)
Women: 210 +
103.2

0

Unchecked
description

Low BMD (Z-score
< 2.0):
24.3 % men
5 % women

–

Nutritional factors
Sun exposure

GonzálezReimers,
2011 (6)

208 + 78

124
(124)

52
(11.5/28.8/59.6)

Checked
prospective
description

Osteopenia 100 %
Osteoporosis:
L: 13.4 %
FN: 8.9 %

L: -1.17 + 1.22
Nutritional factors,
FN: -1.24 + 1.38 malnutrition
Cirrhosis

AlvisaNegrín,
2009 (31)

204 + 82

77
(68)

41

Checked
description

Osteopenia 100 %
Osteoporosis
11.7 %

L: -1.20 + 1.16
Cumulative amount of
FN: -1.10 + 1.28 alcohol ingested
Deterioration of
nutritional status

GonzálezReimers,
2011 (32)

212 + 79

90
(90)

40
(5.0/32.5/62.5)

Checked
description

Osteoporosis
L: -1.15 + 1.18
Cirrhosis: lower
15.5 % (L: 64.2 %) FN: -1.05 + 1.16 lumbar T-score
Cirrhosis and multiple
fractures: Lower BMD
and lumbar T-score

Malik,
2012 (33)

–

53
(53)

0

Description

Low BMD (Z-score
< 2.0):
L 15.1 %
FN 5.7 %

–

Significant increase
in OC (osteocalcin)
levels after 8 weeks of
abstinence
Positive correlation
physical activity/Zscore L, FN and total
hip

L: Lumbar; FN: Femoral neck; BMD: Bone mineral density.

with low levels of GLA protein, which is analogous to
osteocalcin (OC) in terms of its bone-forming activity, and
whose deficiency reverted with alcohol abstinence (43).
More recent studies have reported increased serum
levels of sclerostin in alcoholics; this molecule inhibits
the Wnt/b-catenin signalling pathway, and thus the differentiation, function and average lifespan of osteoblasts.
Levels of sclerostin correlate positively with those of bone
resorption markers such as the N-terminal telopeptide, and
inversely with osteocalcin concentrations (44).
2. Alcoholism can cause alterations in nutritional status
and vitamin D deficiency: Both factors, together with the
loss of muscle mass secondary to alcohol consumption,
have been associated with an increased risk of bone fracture (32). Changes in dietary habits, irregular food intake
and protein deficiencies also contribute to bone loss (45),
and promote low levels of serum calcium, phosphorus and
magnesium (46). Intestinal bacterial overgrowth occurs as
much in the context of alcoholism as that of liver cirrhosis
and contributes to a deterioration of nutritional status by
causing a malabsorption syndrome. The overall increase
in the intestinal flora and its qualitative alteration promote

gastrointestinal and nutrient absorption disorders. These
conditions affect the absorption of fat as a result of bile
acid deconjugation, which in turn has a negative effect on
the absorption of lipids, proteins and carbohydrates (47).
3. Both alcoholism and liver disease per se involve a
number of endocrine and metabolic disorders, and promote
the release of cytokines with deleterious effects on bone
metabolism. Several endocrinologic disorders involved
in bone homeostasis, such as hyperparathyroidism, hypogonadism with low concentrations of free testosterone,
hypercortisolism and dysregulation of the hypothalamic-pituitary-gonadal axis are present in patients with ALD
(19). A deficiency of IGF-1 has been reported in association with liver diseases of various aetiologies, which has a
negative impact on mineralization, as osteoblast proliferation and collagen synthesis in the bone matrix thus fail to
be stimulated (48). Vitamin D deficiency associated with
CLD is multifactorial (3,49) and associated with secondary
hyperparathyroidism, increased bone turnover and loss of
BMD. Low serum levels of 25-hydroxyvitamin D have
been described in patients with alcoholic cirrhosis, with
an estimated incidence of 32 % of cases with vitamin D3
Rev Esp Enferm Dig 2013; 105 (10): 609-621
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levels below 20 ng/mL (50). Levels of 25-hydroxyvitamin
D continue to decline as cirrhosis progresses (51), but this
deficiency rarely gives rise to osteomalacia, as described
in some bone morphometric tests in patients with alcoholic
cirrhosis (52). Despite this, and although hypovitaminosis is common in CLD, most studies have failed to find
a significant correlation between serum vitamin D levels
and the onset of osteopenia, suggesting that this vitamin
deficiency might contribute scarcely to the pathogenesis
of hepatic osteodystrophy (53), as could the function of
certain vitamin D receptor gene polymorphisms (54). The
damaging effects of certain bile acids on osteoblast viability through their interference with vitamin D receptor
function has also been studied: Lithocholic acid, whose
concentration can increase in advanced CLD, interferes
with the function of these receptors by affecting the vitamin D function and inhibiting the expression of pro-osteogenic genes like the one that encodes OC (55).
Vitamin K is a cofactor in the synthesis of OC by osteoblasts. Treatment with vitamin K prevented loss of bone
mass in a group of women with viral cirrhosis (56), but
other studies of patients with PBC failed to show a link
between vitamin K and BMD loss (57).
Hypogonadism is common in alcoholic liver disease and
haemochromatosis; this is due to the low level of release
of hypothalamic gonadotropin and primary gonadal dysfunction (13). Men with alcoholic cirrhosis have reduced
levels of testosterone, which increases the risk of hip fracture (58). Amenorrheic women with ALD also exhibit low
serum levels of luteinising hormone (LH), follicle-stimulating hormone (FSH) and oestradiol, which may predispose them to increased bone loss (57).
The RANK/RANKL/OPG system exerts an important
modulatory effect on bone turnover. RANK receptor activation by RANKL stimulates osteoclast differentiation
from osteoblasts. Conversely, the binding of osteoprotegerin (OPG) to RANKL inhibits osteoclast activation and
osteoblast apoptosis, and acts as a protective mechanism
for BMD (59,60). Alcoholics display significantly elevated
serum levels of TNF-a, IL-1b and IL-6, regardless of the
stage of liver disease (61). These cytokines are released
by the direct effect of ethanol and the liver disease itself
(40) and regulate the RANK/OPG system by promoting
the production of RANKL and osteoclastogenesis (62,63).
Increased serum levels of OPG have also been described
in alcoholic patients, which would imply a compensatory
mechanism to cope with increased concentrations of proresorptive cytokines (64).
DIAGNOSIS
CLD, especially in the cirrhotic stage, is a risk factor for
the development of osteoporosis and bone fractures. Bone
mineral metabolism disorders should always be considered in cirrhotic patients and chronic cholestatic disease,

Rev Esp Enferm Dig 2013; 105 (10): 609-621

613

especially PBC (65). The diagnostic approach to patients
with ALD and suspected low BMD should consider all
existing risk factors for the onset of osteoporosis: Alcohol
abuse and daily intake, smoking, body mass index (BMI)
< 19 kg/m2, hypogonadism in men, early menopause
(under the age of 45), secondary amenorrhoea for longer
than 6 months, family history of fragility fractures and
glucocorticoid treatment (doses of prednisone higher than
5 mg daily for more than three months) (14).
Another important issue is the assessment of osteoporotic fracture risk in these patients: Just as for the general population, the most commonly used risk calculation
tool is the Fracture Risk Assessment Tool (FRAX), which
was developed by the World Health Organization (WHO)
using cohort data from different countries, and is available on the website: www.shef.ac.uk/FRAX/tool.jsp. This
application allows the user to calculate the risk of overall
fracture and hip fracture in 10 years, based on estimates
for several risk factors, including the consumption of
3 or more daily units of alcohol (one unit being equivalent
to 8-10 g of alcohol) and chronic liver disease as a cause
of secondary osteoporosis (66). The advantages of FRAX
include the possibility of using it without access to actual
BMD values, which allows the user to estimate the risk
of fracture before densitometry results become available
(67). As regards its limitations, FRAX uses only the BMD
of the femoral neck and does not take into account other
risk factors, such as frequent falls. In addition, there are no
specific multicentric studies available on the use of FRAX
in populations with CLD.
The definitive diagnosis of osteoporosis in ALD is made
after a bone densitometry (dual energy X-ray absorptiometry, DEXA), which is considered the gold standard for the
measurement of bone density. According to the criteria of
the WHO established in 1994, BMD is classified into three
categories based on the T-score (standard deviation from
mean BMD in young adults): Normal BMD if the T-score
is greater than or equal to -1, osteopenia if the T-score lies
between -1 and -2.5, and osteoporosis if the T-score is equal
to or less than -2.5 (68). Chronic alcoholism, the presence
of any risk factors for osteoporosis in a patient with ALD,
or the existence of chronic cholestasis, liver cirrhosis or previous fragility fractures are indications for a DEXA scan
of the lumbar spine and hip (36). Postmenopausal women
with alcoholic liver disease and the presence of additional
risk factors, or candidates for orthotopic liver transplantation
(OLT), should also undergo a DEXA scan (53).
In patients with a high volume of ascites, a lumbar
DEXA scan may show falsely decreased BMD results, as
was seen in a study of 25 patients with advanced cirrhosis
(24 % of alcoholic origin) who underwent a DEXA scan
both before and after an evacuating paracentesis: A 7 %
increase in lumbar BMD was observed post-evacuation
in individuals with paracentesis of more than four litres,
vs. 1.5 % among those with a lower volume evacuated
(p < 0.001). This was associated with a change in the pre-
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vious diagnosis of osteoporosis or osteopenia in 12 % of
cases, which suggests that densitometry should be carried
out after paracentesis, or on alternative locations, such as
the forearm (69).
Alcohol consumption is also a risk factor for the development of bone fractures (57,70,71). Thirty per cent of
alcoholic men with a history of more than 20 years of
alcohol consumption present with vertebral fractures,
although in most cases, these are asymptomatic (72). Several authors recommend performing a plain lateral X-ray
of the thoracic and lumbar spine in patients with CLD to
search for vertebral fractures (36,53,65). The presence of
radiological fractures, along with compatible densitometric criteria, allows for a diagnosis of severe osteoporosis,
which in turn constitutes an indication for specific treatment to prevent future fragility fractures (36). Available
studies on the prevalence of vertebral fractures in patients
with CLD are scarce; these are estimated to be present
in 23-36 % of cases of alcoholic cirrhosis awaiting OLT
(28,73). Furthermore, the estimated incidence of vertebral
fractures is 30 % in the first 6-12 months following a liver
transplant, which is why an X-ray of the axial skeleton
is recommended in the pre-transplant evaluation, to be
repeated after the OLT if the patient reports loss of height
or severe back pain (74). A higher incidence of post-transplant fractures has also been observed among subjects
who previously had radiological fractures, which would
reinforce the importance of implementing preventative
measures and treatment in these patients (65,75).
Laboratory analyses recommended in patients with
ALD and osteoporosis include calcium, phosphorus,
25-hydroxyvitamin D and parathyroid hormone (PTH)
levels, and thyroid and gonadal function tests (oestradiol,
FSH and LH in women; free testosterone and testosterone/
SHBG –sex hormone-binding globulin– ratio in men) (74).
There is a lack of conclusive evidence regarding the use of
bone turnover markers in analytical studies of patients with
ALD and suspected hepatic osteodystrophy: Both resorption markers (beta-crosslaps or carboxyl-terminal telopeptide of type I collagen) and bone formation markers (osteocalcin and total alkaline phosphatase) may be influenced
by the degree of liver fibrosis and, although they might be
useful in the assessment of response to antiresorptive therapy, there are no studies on their utility in ALD and their
relation to BMD loss and the risk of fracture (14,74,75).
TREATMENT
Available evidence on the treatment of osteopenia and
osteoporosis in patients with CLD is largely based on the
results and recommendations from studies and guidelines
on postmenopausal osteoporosis, and on small series
of patients with mixed aetiology CLD. Controlled clinical trials are lacking, and there are no specific studies
on the treatment of osteoporosis in patients with ALD
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(14,49,53,74). This is the reason why most treatment recommendations for osteoporosis in chronic liver disease
tend to be extended to ALD.
The treatment of osteodystrophy in ALD will encompass a number of general measures, applicable regardless of the level of bone involvement, and a specific drug
treatment, the use of which will depend on the degree of
BMD loss and the coexistence of other risk factors, such
as hypogonadism (14,74). Moreover, it will be necessary to
consider the existence of cirrhosis and uncommon clinical
scenarios, such as the treatment of osteoporosis in men or
premenopausal women.
General treatment measures
Any factors that contribute to BMD loss must be identified. In the case of active alcohol consumption, the necessary measures must be taken to reach its withdrawal.
In patients with a history of alcoholism, abstinence can
increase serum levels of vitamin D and markers of bone
formation such as osteocalcin, and may also stop bone loss,
thus preventing the progression of osteopenia (31). The
reversibility of the toxic effects of ethanol on bone was
demonstrated in a study conducted in 53 alcoholic patients
without cirrhosis who underwent rehabilitation treatment
for 8 weeks: A significant increase in serum OC was
observed following the alcohol withdrawal period (21.47
g/L at baseline vs. 25.54 g/L at 8 weeks, p < 0.001), with
no detectable changes in serum beta-crosslaps (33). The
drugs commonly used to treat alcohol dependence have
no significant adverse effects on bone metabolism, but
disulfiram, naltrexone and nalmefene are contraindicated
in advanced liver failure due to their hepatotoxicity (76).
Smoking cessation should be encouraged and, if glucocorticoid treatment is required for other reasons, only
the minimum effective dose of the drug should be used.
Moderate physical exercise is recommended, preferably
activities that strengthen the lower back muscles (65). Possible nutritional deficiencies in alcoholic and CLD patients
should be evaluated and corrected by dietary measures
and/or supplements, given the high frequency of anorexia
and malnutrition in these individuals (77,78).
Supplementation with calcium and vitamin D in CLD
has been studied predominantly in the context of chronic
cholestatic disease. In a study of 25 women with PBC,
19 of them postmenopausal, treatment with calcitonin or
placebo and daily supplements of 1 g of calcium increased
BMD in both groups (79). In contrast, in another study of
203 patients with PBC, 96 were randomised to receive
calcium without differences in BMD being observed at the
lumbar level after 12 months of treatment (80).
The administration of vitamin D in patients with PBC
did not appear to prevent the progression of osteopenia
secondary to chronic cholestasis, as was observed in two
small one-year prospective treatment studies (81,82). In
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contrast, a study conducted in 18 men with alcoholic cirrhosis showed that patients treated with vitamin D2 (50,000
IU, 2-3 times/week) or 25-hydroxy-vitamin D (20-50 mg/
day) for an average of 11 months exhibited significantly
improved lumbar mineral density (50). Therefore, although
there are no data confirming its efficacy against bone loss,
calcium and vitamin D supplementation is recommended
in patients with CLD at daily doses of 1,000-1,500 mg
and 800 IU, respectively –degrees of recommendation D
(74) and C (14).
Specific pharmacological treatment
Hormone therapy. Treatment of hypogonadism
Hormone replacement therapy with oestrogen is effective in the prevention and treatment of postmenopausal
osteoporosis and the prevention of fractures. Available
evidence on the efficacy and safety of hormonal treatment
in patients with CLD is scarce, and no studies have been
conducted specifically in patients with ALD.
As a result of its antiresorptive effect on bone, transdermal treatment with oestradiol and medroxyprogesterone
produced an increase in BMD after periods of between
1 and 2 years in postmenopausal women with PBC and postOLT patients (83-85). Treatment of male hypogonadism
with testosterone has been effective in patients with hereditary haemochromatosis. However, a careful risk-benefit
assessment should be carried out before its initiation (86).
Clinical guidelines for metabolic bone disease in CLD
state that the use of transdermal hormone replacement therapy, including in cases of ALD, could be considered in
women with hypogonadism and early menopause (under
the age of 45). Male hypogonadism is treated with testosterone, always transdermally (grade D recommendation in both cases) (53,74). The recommended duration of
treatment for women with hypogonadism is 5-10 years.
Given the increased risk of breast cancer, longer durations
must be evaluated thoroughly. Following the publication
of the results of the WHI (87) and HERS (88) studies, and
because other effective alternatives with fewer side effects
are currently available, hormone therapy is not considered
a preferred option for osteoporosis in patients with chronic
liver disease (66,75).
Bisphosphonates
Bisphosphonates are the antiresorptive drugs of choice
for the treatment of osteoporosis, their efficacy having
been demonstrated in reducing the risk of vertebral and
non-vertebral fractures in postmenopausal osteoporosis
and that secondary to corticosteroids (89-91).
Data on the efficacy and safety of these drugs in the treatment of osteoporosis associated with CLD are still scant and
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inconclusive, and are derived from a limited number of studies with few patients, most of them with chronic cholestatic
disease (PBC). Their results suggest that in PBC, treatment
for two years with cyclical etidronate prevents BMD loss
(92), and that alendronate can significantly increase BMD
in the lumbar and femoral areas, with an efficacy superior
to that of cyclical etidronate (93). Favourable results have
recently been published for patients with PBC treated with
weekly doses of 70 mg of alendronate, which appears to be
better tolerated than daily dosage regimens (94). There are
also studies available on the use of bisphosphonates in viral
CLD, in which cyclical etidronate reduced the incidence
of fractures in postmenopausal women with chronic viral
hepatitis after an 8-year follow-up period (95).
Bisphosphonates can cause oesophagitis and gastroesophageal mucosal ulceration (96), with a subsequent
risk of gastrointestinal bleeding, which should be considered in patients with oesophageal varices. Although such
effects appear to be very rare (93), some authors recommend considering parenteral administration when varices
are known to be present (57). Some retrospective studies
that evaluated the parenteral administration of bisphosphonates in patients with PBC concluded that 47 % of patients
receiving this treatment displayed an 8.7 % increase in
BMD at the lumbar level vs. 0.8 % in the proximal femur
(97). Furthermore, the use of parenteral bisphosphonates
pre-OLT may be beneficial for reducing the incidence of
post-transplant fractures (98). Other studies involving
pamidronate, a high antiresorptive potency parenteral
bisphosphonate, showed conflicting results regarding its
efficacy in preventing BMD loss and fractures in patients
with CLD in the pre-and post-transplant period (99,100).
Despite all the above, the specific role of bisphosphonates in the treatment of osteoporosis in liver disease is
yet to be defined, given the paucity of available studies and their small sample size. Similarly, there is little
evidence on the use of bisphosphonates in patients with
ALD, whether cirrhotic or non-cirrhotic. For this reason,
management guidelines for bisphosphonates in alcoholic
liver disease should be based on general clinical practice
guidelines on osteoporosis and liver disease. In this regard,
the consensus document of the American Gastroenterological Association (AGA) of 2003 recommended the use of
bisphosphonates in patients with CLD and a diagnosis of
osteoporosis, vertebral fracture, or in individuals receiving steroid treatment for periods exceeding three months
(grade D recommendation) (74). The British guidelines
of 2002 on the management of osteoporosis associated
with CLD recommend treatment with bisphosphonates
in patients presenting with fragility fractures and in cases
where T-score is less than -2.5 (grade C recommendation)
(14). Table III summarises the recommendation grades set
by different scientific societies that have published guidelines on the treatment of osteoporosis in CLD.
Some of the adverse effects of bisphosphonates described
in the literature include osteonecrosis of the jaw (75)
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Table III. Grades of recommendation in the
pharmacological treatment of BMD (bone mineral density)
disorders in chronic liver disease
AGA (2003). Grade
of recommendation
(74)

BSG (2002). Grade
of recommendation
(14)

Calcium and
vitamin D
supplements

D

C

Bisphosphonates

D

C

Hormone
replacement
therapy

D

C

Raloxifene

D

–

PTH

D

–

AGA: American Gastroenterological Association; BSG: British
Society of Gastroenterology; PTH: Parathyroid hormone. Grades of
recommendation: A = Evidence from randomised controlled trials or
controlled cohort studies; B = Evidence from at least one major clinical
trial with the appropriate design, with or without randomisation, from
cohort or case-control studies, or properly designed meta-analysis
studies; C = Evidence based on clinical experience, descriptive studies or
expert recommendations; D = Evidence not verified.

and suppression of bone turnover with the consequent risk
of atypical fractures (101). There are no specific guidelines regarding the duration of treatment in patients with
CLD and ALD: In general, annual densitometric tests are
recommended in CLD with high risk of accelerated bone
loss, as is the case in patients with severe cholestasis, on
steroid therapy, and in transplanted subjects. All other cases should undergo further DEXA scans every 2 to 3 years
and proceed based on the results (36).
Other treatments
Raloxifene is a selective oestrogen receptor modulator
approved for the treatment and prevention of postmenopausal osteoporosis. Experience with the use of raloxifene in CLD is limited to small studies in postmenopausal
women with PBC (102), and no data are available on the
efficacy of this drug in ALD.
Calcitonin inhibits bone resorption, and has been used
subcutaneously and intranasally to prevent postmenopausal and corticosteroid-induced osteoporosis (103,104). In
combination with calcium and vitamin D, it effectively
reduced bone loss in a group of 36 women with osteopenia
and PBC (105). In contrast, when administered to patients
with severe osteopenia and PBC for six months, it was
proven ineffective in preventing trabecular bone loss (79).
Divergent results were also observed when using calcitonin in post-OLT patients: Intramuscular administration of
40 units per day for 1 year significantly increased vertebral
BMD by 6.4 % in 120 post-transplant patients (106), while
in another group of 63 patients with chronic cholestatic
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disease in their first year post-OLT, treatment with calcitonin failed to prevent bone loss and spontaneous fractures
during this period (107). Available results on the efficacy
of calcitonin in CLD are mixed, and there are no specific
studies on its efficacy and safety in patients with ALD.
Treatment with PTH stimulates the formation of bone
tissue by activating osteoblasts. Teriparatide, a molecule
made up of the first 34 amino acids of PTH, has been shown
to reduce the incidence of vertebral and non-vertebral fractures in post-menopausal osteoporosis while increasing
vertebral and femoral BMD (108,109). However, the role
of PTH as a treatment for osteopenia associated with CLD
is poorly defined, because only a few experimental studies have been conducted in animal models with induced
cholestasis (110). It is therefore not possible to make firm
recommendations for the treatment of osteoporosis with
PTH or teriparatide in patients with ALD.
Orthotopic liver transplantation
The majority of post-OLT patients suffer a loss of BMD
in the first 3-6 months after transplantation (111,112). The
probability of bone fracture in this period ranges between
6 % and 65 % (113), with the highest incidence in the first
2 years and in the spine (75,114).
Factors that predispose to bone loss after OLT include
high-dose steroid and immunosuppressive therapy, nutritional changes and perioperative immobilisation (115).
However, and despite the initial loss of BMD, bone loss
has been observed to improve in the medium and long
term. That is why OLT is considered to be the most effective treatment for osteoporosis in patients with CLD.
Various bisphosphonates such as alendronate, risedronate, zoledronic acid, and pamidronate, associated with
calcium and vitamin D in some cases, have been the subject of many studies on the treatment and prevention of
post-OLT osteoporosis. Weekly doses of alendronate have
been shown to significantly increase BMD and prevent
post-OLT bone loss, although without significant effects
on the rate of bone fractures (116,117). Pamidronate,
when administered 1 and 12 weeks after transplantation,
increased BMD in the lumbar spine (118), and zoledronic acid (a parenteral bisphosphonate) yielded favourable
results on total lumbar, femoral neck and hip bone mass
in the context of a treatment regimen after 1 week, and
at 1, 3, 6 and 9 months post-OLT, though with notable
side effects, such as secondary hyperparathyroidism and
hypocalcaemia post-infusion (119). It is worth noting that
both pamidronate and zoledronic acid exhibited no significant effects on the incidence of post-transplant fractures in initial investigations, although subsequent studies
have reported significant reductions in their incidence
when higher doses of zoledronate were used during the
first 12 months after OLT (120). More recent studies have
assessed the effectiveness of pamidronate when adminis-
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tered monthly together with calcium and vitamin D for the
treatment of post-transplant osteopenia and its impact on
the incidence of bone fractures. A significant increase in
lumbar spine and femoral neck BMD was reported, as well
as a decrease in the post-transplant fracture rate to 5.4 %
(111). To date, no tests have been designed to specifically
assess the effectiveness of treatment with bisphosphonates
in patients with alcoholic cirrhosis having undergone OLT,
and their ability to prevent bone loss and reduce fracture
rates.
AREAS OF UNCERTAINTY. CLINICAL
GUIDELINES
There is a great deal of variability in the incidence of
BMD abnormalities across the different series published,
which tend to group chronic liver disease of different aetiologies into groups with small sample sizes. The multifactorial nature of bone loss in CLD as a whole and ALD
in particular means that its pathogenic mechanisms are
still poorly understood. Further prospective, multicentre
studies should therefore be conducted in homogeneous
populations in terms of aetiology and stage of CLD. This
aspect is particularly relevant in the case of ALD, given
the wide spectrum of liver damage caused by alcohol and
that, according to the results described in other studies, the
extent of bone disease is higher in the advanced stages of
alcoholic liver failure.
There are no specific algorithms for BMD alterations in
patients with ALD. Based on the recommendations of the
guidelines published on the subject for CLD, we propose
an orientative algorythm adapted to patients with alcoholic
liver disease (Fig. 1). As regards the treatment of osteoporosis in the clinical context of ALD, current evidence was
not drawn from randomised controlled trials, but from the
results of small studies on groups of patients with CLD
of different aetiologies, predominantly chronic cholestatic disease and groups of patients with advanced cirrhosis
awaiting OLT.
Some clinical practice guidelines have been published
on the management of osteopenia and osteoporosis in
CLD: The consensus of the working group of the British
Association for the Study of the Liver and the British
Liver Trust was published in 2002 (13), and the technical
review of the AGA on osteoporosis in liver disease in
2003 (73). Both documents include the main guidelines
and recommendations for the diagnosis and treatment of
hepatic osteodystrophy. The systematic review carried
out concluded that current scientific evidence in this field
is still very scarce, both in terms of the aetiopathogenic
aspects and clinical management of osteoporosis secondary to CLD. There are no special recommendations for the
different aetiologies of CLD, and hence, there are no specific treatment regimens specified for patients with ALD.
The recommendations reflected in this review (Fig. 1)
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are mostly consistent with those listed in the clinical
guidelines mentioned above.
CONCLUSIONS
BMD loss is a common complication of CLD as a
whole, and also of ALD. Alcohol consumption and secondary liver disease are predisposing factors for BMD loss.
The aetiopathogenesis of osteoporosis in ALD is multifactorial, and impaired bone formation appears to be the main
mechanism involved in the onset of osteopenia as a result
of direct alcohol toxicity on bone, associated macro- and
micronutrient disturbances, endocrine-metabolic disorders
secondary to alcoholism and CLD, and the release of various cytokines with harmful effects on bone mass.
Bone densitometry is critical for the diagnosis of osteoporosis, and analytical studies are also recommended
to rule out concomitant disturbances in gonadal function
and vitamin D levels in all patients with ALD. The main
indications for conducting a BMD study in patients with
ALD are: Alcoholic cirrhosis, the presence of significant
cholestasis, and a history of bone fragility fracture. It is
also important to perform densitometry in patients who
are candidates for OLT, as low BMD and the existence of
previous fractures both increase the risk of bone loss in
the post-transplant period. Lastly, patients with ALD and
other risk factors for osteoporosis should also undergo an
assessment of BMD by means of a DEXA scan.
Alcohol cessation and abstinence are essential for the
prevention and treatment of osteoporosis in ALD patients,
having been proven to be able to stop the progression of
osteopenia. Associated nutritional deficiencies must also be
corrected, and supplementation with calcium and vitamin
D is recommended. There are no specific guidelines for the
pharmacological treatment of osteoporosis in ALD. Bisphosphonates, which have a good safety profile and have
proven effective in increasing BMD in chronic cholestatic
disease and post-transplant patients, are currently the main
choice for specific antiresorptive therapy.
Practice guidelines on BMD and chronic liver disease
include recommendations for its diagnosis and treatment,
but do not include evidence drawn from the series and
studies conducted on the subject that have been published
in recent years. It would be beneficial to have access to
randomised, prospective, multicentre studies conducted
on homogeneous groups with chronic alcoholic liver disease in its various stages. The performance of studies on
treatment with bisphosphonates and new antiosteoporotic
agents in patients with ALD would be useful to improve
the clinical management of osteoporosis in this population.
Moreover, it is also necessary to understand specific BMD
alterations in ALD patients in the pre- and post-transplant
stages, and the usefulness of antiresorptive drugs in fracture prevention and in the treatment of osteoporosis in
these patients.
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ALD and:
Alcoholic cirrhosis
Significant chronic cholestasis*
Patient with ALD candidate for OLT

ALD+
Other risk factors**

Normal

History of fragility
Fracture

DEXA

Simple radiological study
Analytical study
Assess hypogonadism

-1 < T-score < 2.5

T-score < 2.5

Specific treatment***
Cessation of alcohol
General measures
Ca+ Vit. D supplementation****
Specific treatment
* Bilirubin 3 times above the normal limit > 6 months.
**Risk factors: Active alcohol consumption, smoking, BMI < 19 kg/m2, male hypogonadism, premature menopause (< 45 years), secondary amenorrhoea
> 6 months, family history of fragility fractures, glucocorticoids –dosage > 5 mg prednisone daily for > 3 months.
***Specific treatment: Intravenous or oral bisphosphonates.
Consider hormone replacement therapy in cases of hypogonadism
****Consider calcium and vitamin D supplementation in patients with normal DEXA and coexisting risk factors for osteoporosis.

Fig. 1. Diagnosis and treatment of BMD disorders in patients with alcoholic liver disease. Adapted from: Collier J, et al. (14). ALD: Alcoholic liver disease;
OLT: Orthotopic liver transplantation; DEXA: Dual X-ray absorptiometry (bone densitometry).
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