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stract
Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are the most
common cholestatic liver diseases (CLD) in adults and are both characterized by an
immune pathogenesis. While PBC is a model autoimmune disease, with over 90% of
patients presenting very specific autoantibodies against mitochondrial antigens, PSC is
considered an immune mediated disease. Osteoporosis is the most common bone
disease in CLD, resulting in frequent fractures and leading to significant morbidity.
Further, sarcopenia is emerging as a frequent complication of chronic liver diseases
with a significant prognostic impact and severe implications on the quality of life of
patients. The mechanisms underlying osteoporosis and sarcopenia in CLD are still
largely unknown and the association between these clinical conditions remains to be
dissected. Although timely diagnosis, prevention, and management of osteosarcopenia
are crucial to limit the consequences, there are no specific guidelines for management of
osteoporosis and sarcopenia in patients with CLD. International guidelines recommend
screening for bone disease at the time of diagnosis of CLD. However, the optimal
monitoring strategies and treatments have not been defined yet and vary among
centers. We herein aim to comprehensively outline the pathogenic mechanisms and
clinical implications of osteosarcopenia in CLD, and to summarize expert

recommendations for appropriate diagnostic and therapeutic approaches.
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Core Tip: Cho&static liver diseases (CLD) in adults are characterized by an immune

pathogenesis. Osteoporosis is the most common bone disease in CLD, resulting in




frequent fractures and leading to significant morbidity. Sarcopenia is emerging as a
frequent complication with a s'&niﬁcant prognostic impact and severe implications on
the quality of life of patients. The lack of useful preventive measures and efficacious
treatment strategies remains one of the largest challenges in the management of patients

with CLD.

INTRODUCTION

Cholestatic liver diseases (CLD) are characterized by progressive inflammation,
damage, and destruction of bile d that leads to liver damage and, eventually, liver
cirrhosis and systemic alterations. Accumulation of bile acids within liver cells cause
detergent-induced damage of cellular membranes which ultimately determines
velopment of apoptosis, inflammation, necrosis, fibrosis, and carcinogenesis [1,2].
Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are the most
common CLD in adults. Although PBC is considered a classic autoimmune disease with
nearly 95% of patients presentinaery specific autoantibodies against mitochondrial
antigens, PSC is recognized as an immune-mediated disease, with immunogenetic
features and a strong association with inflammatory bowel disease (IBD). Both PBC and
PSC are associated to a vast group of extrahepatic manifestations, including, but not
limited to, fatigue, low bone mass, and other autoimmune diseases as inflammatory
bowel disease (IBD), Systemic Sclerosis, and Sjogren syndrome [2,3].
Bone djsease, including osteopenia and osteoporosis, is a common complication of
CLD. Osteoporosis is characterized by a decreased bone density that lea(E to an
increased risk of fractures. It increases morbidity and mortality in patients, and it is four
times more common in patients with PBC compared to gender and age-matched
controls. Moreover, sarcopenia and skeletal frailty have recently emerged as frequent
complications of CLD leading to severe morbidity, worse clinical outcome of disease,
and lower quality of life of patients. The burden of osteosarcopenia in patients with
CLD remains significant and therefore prevention is essential.%IJ

recent years, there

have been advances in elucidating the risk factors and pathogenetic mechanisms




underlying osteoporosis and sarcopenia in CLD but, unfortunately, validated
diagnostic and therapeutic guidelines are not yet available. This review focuses on the
pathogenic mechanisms and clinical implications of osteosarcopenia in CLD and
summarizes expert recommendations for appropriate diagnostic and therapeutic

approaches.

OSTEOPENIA AND OSTEOPOROSIS

The World Health Organization (WHO) defines osteoporosis as a skeletal disorder
characterized by compromised bone strength predisposing to an increased rigk of
fracture. In clinical practice, this condition is diagnosed using dual X-ray
absorptiometry (DXA) for measurement of bone mineral density (BMD) at lumbar
spine, femoral neck, and total hip. In individuals older tharp 50 years of age and post-
menopausal women, skeletal demineralization is graded based on comparisons of
patient’'s BMD with the average for young adults, after adjusting for race and gender. A
T-score less than or equal to —2.5 SD at the hip or spine is defined as osteoporosis,
whereas osteopenia is defined as a T-score een -1 and -2.5 SD. These
densitometric definitions cannot be applicable for younger subjects in whom the Z-
score (i.e., the number of standard deviations from age-matched controls) of 2.0 or
lower is used to define a BMD “below the expected range for age” [4]. Although low
BMD is consistently correlated with increased fracture risk in the general population,
fragility fractures may develop even in the context of normal BMD especially in subjects
with secondary osteoporosis, in whom bone quality results to be affected more than
bone quantity [5]. In these cases, evaluation of trabecular and cortical bone
microstructure by high-resolution peripheral computed tomography can provide more
reliable information on risk of fractures [6]. In the United States and Europe, the
estimated number of osteoporosis-related hip fractu&s is about 0.3 and 1.7 million per
year, respectively. More relevant is the impact of vertebral fractures that have been

consistently reported as an earlier and frequent complication of osteoporosis in the




general population potentially associated with decreased survival and impaired quality
of life [7-9].

Osteomalacia, defined by a reduction in bone mineralization with a preserved bone
mass, was once thought to play a primary role in increasing fracture risk in patients
with Choleﬁtic liver diseases [10], but more recent studies have proven that it is rarely
associated with liver diseases, as it has been only reported in patients with advanced
PBC and severe intestinal malabsorption associated with limited exposure to sunlight
[11]. However, skeletal fragility can be associated with a worse outcome in patients
with liver disease, as it entails an increased risk of fractures and consequently an overall
increased disability prevalence and a reduced quality of life [12].

Although osteoporosis is associated with liver diseases including cirrhosis, it is most
prevalent in cholestatic disorders [13]. Most of the éudies that try to understand the
relationship between bone and liver have focused on PBC, though the
pathophysiological mechanisms likely overlap in the case of end-stage liver disease
from other etiologies. These mechanisms are numerous and not fully elucidated (Figure
1). The predominant process determining the reduction in bone mass appears to be a
reduction in bone formation [11,13], although it seems that in some cases an increased
in bone resorption is also involved, such as in post-menopausal women and patients
with hypogonadism [14-16]. Bone formation, mediated by osteoblasts, and bone
resorption, dependent on osteoclasts, are the two opposite processes that influence bone
mass: when resorption exceeds formation bone mass inevitably decreases and this
negative balance leads to bone loss and osteoporosis. Osteoblast dysfunction may be
directly linked to elevated serum levels of bile acids and bilirubin [17]. Some in vitro
studies showed that lithocholic acid (LCA), a monohydroxylated secondary bile acid,
can negatively influence osteoblasts' activity, both directly and indirectly through the
ligation to vitalﬁl D receptor (VDR) and the successive modification of expression of
VDR-mediated genes, such as receptor activator for NF-kB ligand (RANKL) and bone
gamma-carboxyglutamate protein, that serves as a regulator of osteoclasts and

osteoblasts maturation, respectively [18]. Curiously, it appears that albumin, when




added to cultures of osteobl exposed to LCA, can reduce the toxic effects of the
molecule on the osteoblasts. It could be hypothesized that the amount of circulating
albumin is one of the critical factors linked to the harmful effects on bone of circulating
bile acids [11], but data regarding this association are still lacking. Osteoblast
dysfunction can also depend on the reduced circulating levels of osteoblast stimulating
factors such as Insulin-like Growth Factor 1 (IGF1) secondary to the lack of hepatic
synthesis seen in advanced chronic liver disease (ACLD) and reduced absorption
[19,20], respectively. IGF1 acts directly on bone to promote longitudinal growth during
the development phase and maintain adequate levels of bone mass once peak bone
mass is reached [21]. Liver diseases impair the somatotropic axis and associate with
liver growth hormone (GH) resistance; the consequent reductions in serum IGF1 can
contribute to impair osteoblast function and cause skeletal fragility in individuals with
CLD [21,22]. In this context, the role of paracrine and autocrine actions of locally
produced IGF1 in the skeleton under control of parathyroid hormone (PTH) is
unknown and in need of future studies [21].

In patients with PBC, low liver tissue and serum levels of RANKL and high levels of
osteoprotegerin (OPG) have been previously reported [23-25]. This is at first glance
unexpected, since OPG has a bone preserving function while RANKL activates
osteoclastogenesis and tends to increase bone loss. However RANKL can be interpreted
both as a marker of bone resorption and as a marker of osteoblasts activity: low RANKL
would therefore indicate low osteoblasts activity and a reduced bone turnover, that
inevitably leads to increased bone fragility and risk of fractures [26]. High OPG levels
on the other hand could indicate the homeostatic response attempting to prevent bone
loss. Finally, the importance of osteoblast dysfunction has been proved by a series of
studies that evaluated bone histomorphometry in patients with advanced CLD
undergoing orthotopic liver transplant (OLT). In these studies, osteoblasts numbers and
bone formation rates appear to be decreased when compared to controls [27,28]. This
data correlates with the low levels of osteocalcin, a non-collagenous marker of bone

formation, seen in patients with cholestasis [29]: two different studies observed that




osteocalcin levels were decreased in up to 74% of PBC patients [30,31]. However, a
previous study has revealed that increased bone resorption and turnover showed by
bone histomorphometric are early characteristics of PBC-related bone disease [32]. More
studies are needed to evaluate the variation of bone formation and bone resorption
markers and to link them to cholestasis. An exemplary study on PBC patients showed
no significant decrease in the levels of bone-specific alkaline phosphatase, a bone
formation marker, but up to 95% of patients wed above-normal values; also, no
significant variation were observed in the urine levels of type I collagen-cross-linked N-
telopeptide, a marker of bone resorption [33]. Although it seems reasonable to think
that a defect in the secretion of bile acids leads to reduced intestinal absorption of
vitamin D, thus leading to hypocalcemia and secondary hyperparathyroidism, data in
this regard are conflicting and not conclusive. Old studies have found decreased
calcium absorption and serum vitamin D levels in PBC patients [34], but others have
found normal vitamin D, calcium, and PTH levels even among osteoporotic patients
with PBC [27,35]. It also appears that vitamin D supplementation in patients with
cholestasis and malabsorption is unable to significantly improve BMD [36,37], although
some old studies proved otherwise [34].

Since the main risk factors for the development of osteoporosis in orthotropic liver
transplant (OLT) patients are pre-transplant bone mass state and pre-transplant fragility
fractures, it is not surprising that cirrhotic patients who undergo liver transplant for
PBC and PSC are at extremely high risk of developing osteoporosis and suffering
pathological fractures. Osteoporosis is a primary co-morbidity in post-transplant
patients and is becoming more and more relevant, as their longtime survival has
significantly increased in the last few years. In these patients, there is a rapid bone loss
within the first 3 to 6 mo after transplantation and a frequency of fragility fractures of
about to 21%, most of which happen in the first period after transplant [38]. A study
reported that the severity of bone loss was more frequently seen in patients of younger
age with by PSC, higher pretransplant BMD, no IBD, shorter duratign of disease,

current smoking, and ongoing cholestasis at 4 mo since OLT [39]. An important




contributing cause of rapid bone loss in the immediate postoperative period of these
patients is probably the use of high doses of -corticosteroids and other
immunosuppressive agents, such as tacrolimus and cyclospirn A, _as well as
immobilization during hospitalization after OLT [40]. After the first 3 to 6 postoperative
months, bone gain occurs during the first 2 years with favoring factors for improvement
of lower baseline and/or 4-month BMD, premenopausal status for females, lesser
glucocorticoids, no ongoing cholestasis, and higher levels of vitamin D and parathyroid

function [39].

EFRCOPENIA

Sarcopenia, a progressive and generalized loss of skeletal muscle mass, strength and
function, is the other side of the coin of the metabolic abnormality in patients with liver
disease [41]. It can be assessed in numerous ways, such as by bioelectrical impedance
analysis (BLA) or DXA, but the recommended method is by measuring anthropometric
parameters, such as skeletal muscle area (SMA) and the Skeletal Muscle Index (SMI), by
computed tomography (CT) and magnetic resonance imaging (MRI) [42,43]. SMI is the
metric recommended by the International Consensus panel on cachexia. It is the result
of SMA (cm?) depicted on a single image slice (usually at the level of the third lumbar
vertebra L3), adjusted by the hei%t of the patient (m?) (this is often referred to as L3SMI
method). This measurement can be easily compared to specific cut-off values based on
healthy European young adults [44]. Importantly, sarcopenia is significantly associated
with mortality and reduced quality of life in patients with liver cirrhosis [45,46].

Although recent data demonstrate that sarcopenia can be identified in up to 70% of
cirrhotic patients [47], no data are available on the prevalence of sarcopenia in non-
advanced cholestatic diseases. An outstanding study has recently been published
analyzing the relationship between PBC, bone diseases, and sarcopenia [48]. Saeki et
al. 481 demonstrated that the association between osteoporosis and sarcopenia was
stronger than the association among osteoporosis, female gender, and menopause in

PBC patients, and vice versa osteoporosis and vertebral fractures were important risk




factors of sarcopenia, independently of sex and menopause [48]. The increasing
evidence of the existing association between bone mass and muscle loss, defined all
together as osteosarcopenia, is of incredible relevance in liver diseases, given that it
impacts the prognosis and health-related quéity of life. The association of the two
conditions is particularly hazardous, since it causes both ease of falling (due to
sarcopenia) and bone vulnerability (due to osteoporosis) [49]. More data are however
needed to fully comprehend the real impact of sarcopenia on non-advanced cholestatic
liver diseases. At the moment, the only considerations that can be made are based on
studies on cirrhotic patients, in which, however, it appears that the main mechanism is
linked to hy perammonemia, a phenomenon not present in the early stages of cholestatic
diseases [50]. The role of cholestasis in sarcopenia in cirrhotic patients is only hinted at
and remains anecdotal. Protein synthesis, protein breakdown and muscle regenerative
capacity mediated by satellite cells are the main processes that influence skeletal muscle
mass: when their balance is disrupted, there is a loss in lean mass leading to sarcopenia.
Skeletal muscle expression and serum levels of myostatin, a member of the TGFp
superfamily, are increased in patients with ACLD [51,52] and this hormone increases
autophagy and proteolysis and prevent protein synthesis by inhibition on the mTORC1
pathway. Serum ammonia has been recognized as a stimulus in the synthesis of
myostatin, by acting via a NF-kB mediated mechanism [53-55]. Hyperammonemia also
impairs the formation of a ketoglutarate (aKG), a mglecule involved in the cycle of
tricarboxylic acids (TCA) [53]. This results in several potential consequences including
lower flux of the TCA cycle, impaired mitochondrial function, and decreased ATP
synthesis. Since protein synthesis is an energy intense process, low ATP concentrations
may also cause reduced protein synthesis. Similarly to hyperammonemia,
hypoglycemia and low glucose levels in skeletal muscle cells, are linked to the lack of
glycogenolysis secondary to the reduction of hepatic glycogen stores, and can lead to
the consumption of muscle amino acids for the production of energy [56]. Although
hyperammonemia does not manifest itself in non-advanced cholestatic liver diseases,

the mechanisms leading to sarcopenia may be in some way analogues. Liver damage




caused by the underlying pathology, malabsorption, and increased energy demands
may lead to an energy deficit that would push the skeletal muscles to use amino acids
as an alternative source of energy, in a similar way to how it occurs in case of

hypoglycemia due to reduced hepatic glycogen reserve [57].

PREVALENCE AND DETERMINANTS OF OSTEOSARCOPENIA IN
&OLESTATIC LIVER DISEASES

Primary Biliary Cholangitis

PBC is a chronic inflammatory autoimmune cholestatic liver disease which, if left
untreated, could culminate in end-stage biliary cirrhosis [58]. It is the most studied
condition as regards metabolic bone disease, both for the high prevalence of
osteoporosis in PBC patients and for the possibility of directly studying the
pathophysiological mechanisms underlying the interaction between cholestasis and
reduction in bone mass.
Osteoporosis is a common complication of PBC, with the most recent studies reporting
revalence ranging from 20% to 45%, four-fold higher than general population [59,60],
with the highest prevalence in patients with cirrhosis on the liver transplant list [39].
Accordingly, the incidence and prevalence of fractures is also increased in PBC patients,
ranging from 0% to 14% over a 2-year period and from Qzéto 22%, respectively [61]. Ina
prospective study, Guanabenset al. (%2l observed a prevalence of vertebral, non-
vertebral, and overall fractures of 11.2%, 12.2%, and 20.8%, respectively [62] (Table 1).
In this study, more than 20% of fractures occurred without a densitometric diagnosis of
osteoporosis consistent with the pathophysiological concept that alteration of
osteoblastogenesis and bone formation in CLD may induce impairment of bone quality
more than bone quantity as in other forms of secondary osteoporosis. In addition to the
common risk factors associated with skeletal fragility, such as age and post-menopausal
state, additional independent risk factors have been identified in patients with PBC. The
most prominent risk factor for developing osteoporosis is the stage of the disease. A

study based on histologic staging observed that patients with more advanced histologjic




stages (such as stage 3 or 4) had more than a 5-fold increased risk of developing

osteoporosis than patients with an earlier stage of the disease and the rate of bone loss
over time was significantly greater in the former as compared with the latter [63]. A
more recent study observed that liver stiffness measured by FibroScan was directly
related with the reduction of both cortical and trabecular bone parameters in the tibia
and distal radius [64]. The stage of disease appears to have an effect far stronger than
the post-menopausal state in PBC patients [65]. Other less important risk factors that
seems to have been identified include female gender, the necessity of transplant and, at
some extent, genetic predisposition [58,66]. Indeed, some studies identified some gene
loci that positively correlate with osteoporosis [67-69]. Although vitamin D does not
seem to play an important role in determining skeletal fragility in cholestatic liver
diseases, polymorphisms of VDR have been agsociated with osteoporosis in individuals
with PBC. One study in women affected by PBC concluded that VDR genotype is an
independent genetic predictor of osteoporosis [67]. In addition, a polymorphism of the
gene encoding collagen type lalphal (COLIA1), Sp1, is associated with reduced baseline
BMD in patients with PBC [69]. Lastly, some polymorphisms of a tight junction
membrane gene, the claudin-14 (CLDN-14), suspected to be involved in the
pathogenesis of cholestatic liver diseases, has been proved to be associated with low
BMD in PBC patients [70].

Another important independent risk factor is low body mass index (BMI). Beyond the
direct association of reduced muscle mass and low bone mass, it seems that in PBC
patients, preponderant hormonal mechanisms associated to BMI come into play: leptin,
an adipocyte derived hormone, seelﬁ to indirectly regulate bone metabolism since
increases osteoblast proliferation and bone matrix synthesis, resulting in increased bone
formation, and inhibits RANKL produygtion, decreasing bone resorption. Szalay et al. [71]
observed decreased leptin levels in PBC patients and also demonstrated a positive
correlation between leptin, BMI, and BMD [71].

Although sarcopenia is a fascinating new topic in hepatology and has been recently

studied in ACLD patients, very few data are available on its relationship with PBC in




non-cirrhotic patients. The only article available in the literature at the time of writing
this review has been previously cited and dates back to May 2020 [48]. Saeki ef al. [45]
reported the prevalence of sarcopenia, diagnosed according to the Japan Society of
Hepatology guidelines [48,72], between PBC patients: 23.1% for all patients and 25% for
female patients, greater than in other non-cirrhotic liger conditions, where the
prevalence was reported to be approximately 15% [73,74]. These findings suggest that
patients with PBC are more susceptible to sarcopenia, compared to those with other
chronic liver diseases. This study also proved that sarcopenia is strongly correlated with
osteoporosis and increased fracture risk (especially vertebral fractures) and vice versa,
proving that osteosarcopenia as a unified clinical entity is an important complication of
PBC, occurring in up to 15.4% of patients, requiring careful monitoring in all patients,
especially post-menopausal women, who represent the majority of PBC patients. The
clinical relevance of osteosarcopenia haséeen proven in studies focused on geriatric
patients, in which the osteosarcopenic group had greater impairment of physical
performance and balance than the non-osteosarcopenic and sarcopenia/osteoporosis
alone groups. Consequently, osteosarcopenia conferred an increased rate of falls and
fractures and a consequent higher mortality rate [75-77]. Despite the clinical relevance,
recommendations on follow up and treatment cannot yet be made, as these aspects are
ill in the early stages of definition [78].

Primary Sclerosing Cholaneitis

PSC is a chronic, cholestatic liver disease characterized by immune-mediated
inflammation and fibrosis of both intrahepatic and extrahepatic bile ducts, leading to
the formation of multifocal bile ducts strictures and to the development of biliary
cirrhosis [79]. Although it is a clinical entity of considerable interest, both for its
hepatological implications and for the set of clinical conditions to which it is associated,
there are still very few studies that focus on the link between PSC and bone disease, and
almost none that investigate a possible relationship of PSC with sarcopenia.

As with other chronic liver diseases, the prevalence of osteoporosis in PSC is higher

than that of the general population, accounting for 15-30% of patients with PSC [80,81].




General risk factors include female gender, age, and low BMI. Studies are still needed to
evaluate if duration of the disease is a risk factor and, curiously, osteoporosis does not
appear to be related to the severity of the underlying PSC [27]. Although previous
studies reported a possible association between osteoporosis and the stage of disease
[82,83], more recent studies observed otherwise and failed to prove a significance
correlation between osteoporosis and the severity of liver disease. It is possible that this
differences are based on population cohorts analyzed, since in previous studies the
patients were less heterogeneous and predominantly post-menopausal women [84].
Moreover, the close association between PSC and IBD [85], the consequent
malabsorption, and the possible use of steroid therapy at high doses for long periods of
time can certainly influence bone metabolism and represent an important risk factor for
the development of osteoporosis. In addition, patients with IBD presents themselves
with a lower bone mass at the diagnosis [86], likely due to the systemic inflammatory
state of IBD.

No conclusive data are yet available regarding the possible relationship between PSC
and sarcopenia but, considering the cholestasis-associated malabsorption, which may
be worsened by the eventual concomitant IBD related to PSC, and the increased
prevalence of sarcopenia in patients with other liver diseases including PBC, it is
reasonable to assume that these patients also have an increased prevalence of
sarcopenia compared to the general population that should be investigated at the time
of diagnosis and during the follow-up. Interestingly, Winger et al. [¥] failed to prove a
significant difference between pediatric patients with PSC and the control group; also,
children and young adults with concomitant PSC and IBD appeared to have lesser
degree of sarcopenia in comparison to patients with PSC alone [87]. Although

interesting, larger studies are required to confirm these curious findings.

MANAGEMENT OF OSTEOSARCOPENIA IN CHOLESTATIC LIVER DISEASES
Osteoporosis




Management of osteoporosis in cholestatic diseases cannot be evidence-based and no
guidelines have been developed for diagnosis and treatment of osteoporosis in this
specific clinical setting. However, based on our personal experience and the few studies
so far published on the topic, some recommendations could be provided (Table 2). DXA
measurement of BMD should be performed at the initial diagnosis of PBC to identify
subjects with low BMD at higher risk of fractures.

The optimal timing of monitoring PBC patients is yet to be defined, but in clinical
practice bone densitometry with DXA should be performed, depending on the presence
of risk factors for osteoporosis and fractures, in 1 to 3 years if initial results are normal.
A more stringent follow up is indicated in the presence of altered BMD or risk factors
such as severe cholestasis, menopause before the age of 45 years old, family history of
osteoporosis or fragility fractures, BMI less than 19 kg/m?2, tobacco use, heavy alcohol
abuse, and glucocorticoid use greater than 3 mo and or > 5 mg daily. In patients who
are already on osteoporosis treatment, DXA should be performed annually to assess
treatment response. In addition to imaging, routine monitoring of vitamin D, calcium,
phosphorus, and PTH should be performed every 1 to 2 years based on the current risk

developing bone disease [58,61].

Over the last decade, several algorithms (e.g.,, FRAX) have been proposed to improve
the value of DXA results in predicting fracture risk [88] but their use in secondary
osteoporosis in general and in CLD in particular has not been validated. Noteworthy,
the traditional risk factors of osteoporosis and fractures included in the algorithm FRAX
seem to have a role also in influencing the occurrence of fragility fractures in subjects
with cholestatic liver diseases.

The new genaation DXA machines can also provide information on bone quality. For
instance, the trabecular bone score (TBS) is a texture parameter obtained directly from
DXA images through the evaluation of the average pixel gray-scale variation. A low
TBS value correlates with a weaker microarchitecture with reduced and scarcely
interconnected trabeculae, resulting in lower bone strength and mechanical resistance

[89]. Measuring this parameter, the clinicians may have another reliable information on




risk of fractures even in individuals with either normal or only slightly decreased BMD
[90].

As in other forms of secondary osteoporosis, the search of vertebral fractures (VFs) is
indicated in all subjects at diagnosis of cholestatic liver diseases since they may occur
even in the context of normal BMD. In more than fifty percent of the cases, VFs occur
without specific clinical symptoms and the radiological and morphometric approach
has emerged as the method of choice for evaluating the true prevalence and incidence
of these fractures in the clinical practice. VFs are identified marking the vertebral body
with six points to describe the vertebral shape and heights. According to the
quantitative morphometric approach, VFs are defined mild, moderate and severe based
on a height ratio decrease of 20-25%, 25-40% and more than 40%, respectively [91]. VFs
are routinely assessed by examining lateral projection images of conventional spine X-
ray radiographs, although other approaches using DXA and the low-dose biplane X-ray
imaging system (EOS® imaging, Paris, France) have been proposed as alternative tools
to limit radiation exposure in clinical practice [92,93]. The current guidelines indica
that finding of non-traumatic VFs, regardless of underlying disease and BMD values, is
sufficient to establish the diagnosis of osteoporosis and to consider pharmacologic
ﬁeatment as secondary prophylaxis [94].

Bone active agents used to treat osteoporosis are classified as anti-resorptive and
anabolic drug [95]. Bisphosphonates inhibit bcsﬁe resorption and are the most
prescribed drugs for the treatment of osteoporosis. Denosumab is a human monoclonal
antibody (IgG2 immunoglobulin isotype) binding RANKL with high affinity and
specificity ﬁd inducing a reversible inhibition of osteoclastogenesis and bone
resorption. Teriparatide is the 1-34 active fragment of PTH with stimulating effects on
osteoblastogenesis and bone formation when intermittently administered once daily.
Teriparatide is currently the only anabolic drug approved for treatment of osteoporosis
at high risk of fractures and for glucocorticoid-induced osteoporosis.

Data on efficacy and safety of bone-active drugs in CLD are scant and their use in this

clinical setting can be guided by evidence extrapolated from the literature on the




treatment of postmenopausal osteoporosis [96]. A comprehensive Cochrane systematic
review published in 2011 concluded that there are no conclusive data showing the
benefits of bisphosphonates use on BMD, mortality, or reduced fracture risk in this
specific clinical context [97]. There is only 1 randomized clinical trial that compares
newer generation bisphosphonates (in this case alendronate) to placebo in PBC [98]: it
proved that after one year there was a significant improvement in lumbar spine BMD in
patients treated with bisphosphonates (10.4% vs -0.12% in patients in the placebo arm, p
< 0.005) but failed to prove a significant reduction in fractures (0% vs 7.1% in patients in
the placebo arm, P = 0.3) [98]. Particular attention must be given to patients with ACLD
with a high risk of oesophageal varices since esophagitis and oesophageal ulcers are
side-effects of oral bisphosphonates. In these patients, parenteral bisphosphonates can
be proposed [99,100].
Preliminary data on denosumab in patients with PBC indicate that lumbar spine T-score
significantly improved after 1 and 3 years of treatment, along with levels of markers of
bone formation, despite the prevalent mechanism determining osteoporosis is
osteoblasts dysfunction [101,102]. As the studies are extremely small, no
recommendations can be made yet, but certainly the use of denosumab in these patients
is promising. Importantly, recent evidence strengthens a critical role of RANK/RANKL
signaling in autoimmunity besides bone density, with the immune and the skeletal
system being closely interconnected. It has been demonstrated that cholangiocytes from
PBC patients express high levels of RANK; most importantly, the immune infiltrate
within the portal areas around bile ducts in PBC are highly RANKL positive and the
hepatic level of RANKL was associated with disease severity [25]. Lleoet al. 1%
hypothesized that damaged cholangiocytes in PBC, which show high levels of RANK,
determine the recruitment of RANKL positive cells and consequently portal tract
infiltrates. Taken all together, a number of recent and old evidence point out that
denosumab might have a beneficial role in PBC therapy, besides osteoporosis, but data

are scarce and more studies are needed to make recommendation [25].




No data are available on the efficacy and safety of teriparatide and PTH-analogues but,
whereas the main pathogenetic mechanism that determines the development of
osteoporosis in patients with PBC is reduced osteoblasts activity, osteoanabolic agents
could play a crucial role in the treatment of the condition in this setting.

Inactivity, alcohol consumption, tobacco use and reduced dietary calcium intake can all
lead to reduced bone density. For this reason, it is highly recommended alcohol and
smoking cessation in addition to increasing aerobic exercise and practicing routine
weight-bearing exercises. It is also recommended dietary supplementation of calcium
(1000 - 1500 mg daily) and vitamin D (800 international units (IU) daily) in patients who
are at particularly high risk for developing osteoporosis, especially in patients with
ACLD [58,103]. Patients receiving cholestyramine should be monitored closely since its
administration may reduce intestinal absorption of vitamin D [104,105]. Although this is
standard clinical practice, data on the effect on calcium and vitamin D supplementation
are controversial: as previously stated, some studies prove a significant improvement in
BMD [34] while other studies failed to do so [36,37].

It is important to assess the presence of osteoporosis by DXA at the moment of
diagnosis of PSC, as well as considering supplementation with calcium and vitamin D
in all patients, though this is no clear benefit base on the literature [106,107]. No
protocols exist on how to handle the specific follow up and treatment of these patients,
so WHO or ISCD guidelines for the management of osteoporosis are usually used [4]
and the recommended diagnostic-therapeutic approach is the same as in PBC, even if
the two diseases differ both in pathogenesis and in the phenotype of the population
affected.

Sarcopenia

The diagnosis of sarcopenia should be made with cross-sectional imaging when strong
clinical suspicion is present. Treatment can be derived by studies based on ACLD, but
even in this setting clear guidelines are not currently available, both because the studies
existing so far showed great heterogeneity and were based on a small number of

patients, thus limiting the possibility of defining specific and reliable guidelines for the




pathology, and no treatment had proven to be particularly effective [57]. Exercise
programs finalized on avoiding natural deterioration of muscle mass [108,109] and
nutritional supplementation with BCAA [110-112] are no established treatment and the
data on these approaches are controversial. It should also be noted that physical activity
may be diffi«alt as one of the salient clinical features of this disease is chronic asthenia
and fatigue. Considering the molecular mechanisms that lead to ﬁlrcopenia, improving
protein synthesis and reducing autophagy with molecules like myostatin antagonists,
direct mTORCT activators, antioxidants and mitochondrial protective agents could have
the potential to benefit skeletal muscle protein turnover but have not been adequately

evaluated [113]. More studies are needed to define the correct timing of follow up.

CONCLUSION

Osteosarcopenia is a common complication of CLD that strongly influences quality of
life and leads to severe morbidity. Indeed, cholestasis is directly associated with both
bone and lean mass loss and the prevalence of bone damage is demonstrated to be
higher in CLD than in the general population. Risk factors and etiopathogenesis of
osteoporosis in PBC have been widely investigated; however, evaluation of the efficacy
of osteoporosis drugs and preventive measures remain poorly known and data on PSC
are scarce. On the other hand, studies on risk factors, etiologic mechanisms, and
management of sarcopenia in CLD are lacking.

It is widely accepted that preventing the reduction of bone density is important to
decrease the risk of fractures and improve morbidity and mortality. Further, PSC and
PBC mostly affect young patients, and therefore prevention and screening are widely
recommended. However, the timing is not yet defined, and no clinical guidelines are
available for management of osteosarcopenia in CLD. Unfortunately, the overall quality
of evidence is low and data in treatments of CLD-related osteosarcopenia are
inadequate.

Table 2 provides a proposed algorithm for the management of osteosarcopenia in

CLD. Not pharmacological measures, including alcohol and smoking cessation, and




aerobic and weight-bearing exercises, are highly recommended in all patients. The
primary medical intervention for the treatment of osteoporosis in _CID is
bisphosphonates in association with calcium and vitamin D supplements, though a
benefit in terms of fracture reduction has never been shown. The use of further
therapies for osteoporosis in CLD are based on the postmenopausal osteoporosis
literature and new studies are desperately needed to define the best therapeutic

approach to osteosarcopenia in a group of patients with high prevalence.
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