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Abstract: Primary biliary cholangitis (PBC) is a chronic, cholestatic condition associated with
symptoms that directly impact the quality of life in those afflicted with the disease. In addition to
pruritus and fatigue, patients with PBC may develop metabolic bone disease from reduced bone
density, such as osteopenia and osteoporosis. Osteoporosis increases the risk of fractures, as well
as morbidity and mortality. The prevalence of osteoporosis in PBC is expected to increase in
conjunction with the rising prevalence of PBC as a whole. Timely diagnosis, prevention and
management of osteoporosis are crucial in order to optimize the quality of life. There is a paucity
of data evaluating the management of osteoporosis in PBC. The optimal timing for diagnosis and
monitoring is not yet established and is guided by expert opinion. National guidelines recom-
mend screening for osteoporosis at the time of diagnosis of PBC. Monitoring strategies are based
on results of initial screening and individual risk factors for bone disease. Identifying reduced
bone density is imperative to institute timely preventive and treatment strategies. However,
treatment remains challenging as efficacious therapies are currently lacking. The data on treat-
ment of osteoporosis in PBC are mostly extrapolated from postmenopausal osteoporosis litera-
ture. However, this data has not directly translated to useful treatment strategies for PBC-related
osteoporosis, partly because of the different pathophysiological mechanisms of the two diseases.
The lack of useful preventive measures and efficacious treatment strategies remains the largest
pitfall that challenges the management of patients with PBC. In this review, we comprehensively
outline the epidemiology, clinical implications and challenges, as well as management strategies
of PBC-related osteoporosis.
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cholestatic liver disease

Introduction
Primary biliary cholangitis (PBC) is a chronic immune-mediated, cholestatic liver
condition." It is associated with debilitating symptoms that reduce the quality of life
for those afflicted with the disease. Common symptoms that affect patients with
PBC include but are not limited to fatigue, pruritus and bone disease.”> Prevention
and modulation of these symptoms remain the cornerstone of management in PBC.
Metabolic bone disease is a fraught complication of chronic liver disease, particu-
larly in PBC.® The spectrum of metabolic bone disease that affects those with PBC
includes osteopenia and osteoporosis. Osteoporosis is a disease of decreased bone
density that results in an increased risk of fractures. It is four times more common in
patients with PBC compared to age and gender-matched controls.”® Osteoporosis leads
to falls resulting in fractures, which increases morbidity and mortality in patients with

PBC and other chronic liver conditions.>'°
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The World Health Organization (WHO) defines osteo-
porosis (at the spine or proximal femur) as having a bone
mineral density (BMD) expressed as a T-score of less than
2.5 standard deviations (SD) below the mean on dual X-ray
absorptiometry (DEXA)."' Osteopenia refers to a T-score
between —1.0 and —2.5 SDs below the mean. Prevention
and timely diagnosis of osteopenia and osteoporosis are
imperative to reduce its associated complications.

The burden of bone loss in patients with PBC remains
significant. Prevention by reducing bone loss and improv-
ing bone formation is essential. Unfortunately, therapeutic
options are limited in efficacy.® In this comprehensive
review, we aim to outline the epidemiology, clinical
impact and challenging management implications that are
associated with osteoporosis in PBC.

Epidemiology of Disease

It is important to highlight the growing prevalence of PBC as
a disease prior to considering the epidemiology of PBC-related
osteoporosis. Overall, PBC occurs primarily in women with an
annual incidence and prevalence of 0.3-5.8 and 1.9—40.2 per
100,000, respectively.'>'® Multiple studies, including data
from a 2012 systematic review and a multicenter PBC con-
sortium within the United States, demonstrate the rising pre-
valence of the disease.'*'® Hence, ensuring timely diagnosis
and appropriate treatment strategies are imperative as the
prevalence of PBC increases.

Osteoporosis is a known complication in multiple etiol-
ogies of liver disease, but its epidemiology has been stu-
died most extensively in the context of cholestatic liver
disease. The prevalence of osteoporosis in PBC ranges
from 20% to 45%"'7?° with the highest prevalence in
those with cirrhosis on the liver transplant list.>' The
prevalence of osteoporosis is higher than in age-matched
postmenopausal women without PBC or cirrhosis.”**? In
addition, the incidence of fractures in PBC ranges from
0% to 14% over a 2-year period,'® whereas the prevalence
ranges from 9% to 22%."%!'®2!%3 The incidence and pre-
valence of PBC-related osteoporosis is expected to rise as
the prevalence of the disease grows overall.

Burden of Disease

There is an estimated four-fold increase in osteoporosis in
PBC compared to those without PBC.”* Osteoporosis
leads to falls and fractures, which significantly impacts
morbidity and mortality.* In one study, fractures were
shown to have a perioperative morbidity and mortality
near 80% and 60%, respectively.” PBC patients with

a T-score on DEXA less than 1.5 have an increased risk
of vertebral fractures.®

Liver transplantation in PBC is also associated with
heightened fracture risk. Patients after liver transplantation
are prone to osteopenia and osteoporosis, as they have an
expected bone loss of 8% to 18% in the first 3—6 months
after liver transplantation®*2® and a 20% to 40% incidence

of fractures 24,27-29

in the first year post-transplant.
Reducing the burden of disease from osteoporosis before
and after transplantation is imperative in the overall man-

agement of PBC.

Diagnosis and Monitoring

The optimal timing for diagnosis and monitoring of osteo-
porosis in PBC is not well established. However, expert con-
sensus recommends screening with DEXA in all patients with
PBC at the time of diagnosis (Figure 1).>° Commonly, patients
with PBC have vitamin D deficiency, which may propagate
their bone disease.’' Hence, patients with PBC should have
serum calcium, phosphorus, vitamin D and parathyroid hor-
mone levels checked at diagnosis and annually thereafter.>*>*
Patients with normal BMD on initial DEXA can be monitored
every 2 to 3 years. However, patients with abnormal BMD or
additional risk factors of osteoporosis should be monitored
more closely. These additional risk factors include but are not
limited to severe cholestasis, corticosteroid use, low BMI,
postmenopausal women, early menopause, smoking or alco-
hol abuse.'” In patients who are on treatment, repeat DEXA
should be undergone every 1 to 2 years.>

Management Challenges

Management of osteoporosis in PBC remains challenging.
Therapeutic options are limited in efficacy. There is an
incomplete understanding of the pathophysiology resulting
in the paucity of studies evaluating treatments within the
context of PBC.* Useful treatment options exist for post-
menopausal patients without PBC. However, these thera-
pies have not been found efficacious in the context of
PBC. Preventing osteoporosis in this patient population is
therefore essential.

Many of the treatment strategies for osteoporosis in PBC
are derived from therapeutic approaches in postmenopausal
osteoporosis. The American Association for the Study of
Liver Disease (AASLD) recommends vitamin D, calcium
supplementation and alendronate based on postmenopausal
osteoporosis literature.”® However, extrapolating from the
postmenopausal osteoporosis literature may be unreliable
since the underlying pathophysiological processes are likely
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Figure | Management algorithm for bone disease in primary biliary cholangitis. *Additional risk factors include but are not limited to severe cholestasis, corticosteroid use,

low BMI, postmenopausal women, early menopause, smoking or alcohol abuse.

Abbreviations: PBC, primary biliary cholangitis, Ca, calcium, Ph, phosphorus, PTH, parathyroid hormone, BMD, bone mineral density.

varied. PBC-related osteoporosis is driven primarily by
decreased bone formation compared to postmenopausal
osteoporosis, which is secondary mostly to increased bone
resorption.'” Investigating therapies for PBC-specific osteo-
porosis is needed. Table 1 illustrates the therapies that have
been evaluated for PBC.

Prevention

Data on the prevention of bone disease in PBC are also
extrapolated mostly from postmenopausal osteoporosis litera-
ture. Preventive strategies revolve around lifestyle measures
and dietary supplementation. In fact, exercise is associated

with significant improvement in BMD in a 16-year prospec-
tive study evaluating postmenopausal women with osteopenia
compared to controls.*® Other data suggest lifestyle factors
such as alcohol consumption, tobacco use, low levels of
exercise and reduced dietary calcium intake can lead to
reduced bone density and portend an increased fracture risk.'!

In patients with liver disease, we recommend alcohol and
smoking cessation, in addition to practicing routine weight-
bearing exercises and consuming a balanced diet. Patients
who are at-risk for metabolic bone disease should consume
1200 mg of dietary calcium and 800 international units (IU)
of vitamin D daily."" It may be particularly challenging for
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Table | Summary of Randomized-Controlled Trials of Active Agents versus Placebo or No Treatment (Adapted from Danford et al'”)

Agent Treatment No. of Patients BMD Changes at | BMD changes at 2 | Fractures
(n) I Year (%) Years (%) (n)
Etidronate 400 mg/d (3 month cycles) 6 (etidronate) +1.0 (L), +0.2 (F) N/A 0
Wolfhagen 1997 6 (no treatment)* | -1.7 (L), +0.4 (F) 0
Lindor 2000%3 400 mg/d (3 month cycles) 29 (etidronate) +0.7 (L), +1.3 (F) +1.0 (L), +0.5 (F) 4 (V)
31 (placebo) -0.6 (L), +0.9 (F) +2.6 (L), +0.8 (F) 4 (V)
Alendronate 70 mg/wk 15 (alendronate) 2104 (L), +1.4 (F) | N/A 1 (V),0(P)
Zein 2005°> 13 (placebo) -0.1 (L), -2.1 (F) 0(V), ! (P
HRT 50 mcg twice weekly TD estradiol + | 8 (HRT) +3.1 (L), £1.7 (F) N/A 0
Ormarsdottir 2004°° | 2.5 mg/d progestin 9 (no treatment)® | +1.0 (L), —0.6 (F) 0
Boone 2006°' 0.05 mg/d TD estradiol + 0.25 mg/d | 8 (HRT) N/A —0.6 (L), +0.2 (F) 0 (V)
TD progestin 14 (placebo) -0.8 (L), 3.7 (F) 2 (V)
Sodium fluoride 50 mg/d sodium fluoride 8 (fluoride) N/A +2.9 (L) 0
Guafabens 1992°8 8 (placebo) -6.6 (L) 0
Calcitriol 0.5 mcg/d BID calcitriol 17 (calcitriol) +0.1 (L) N/A N/A
Shiomi 1999** 17 (no treatment)® | -3.1 (L)
Vitamin K 45 mg/d vitamin K, 15 (vitamin K) +0.3 (L) —0.8 (L) N/A
Nishiguchi 2001%° I5 (no treatment)® | -3.5 (L) -6.9 (L)

Notes: Bold denotes statistical significance (p < 0.05) between groups; Underline denotes statistical difference (p < 0.05) from baseline; *Patients in no treatment groups

received vitamin D and calcium supplementation.
Abbreviations: L, lumbar; F, femoral; V, vertebral; P, peripheral.

patients with cirrhosis to meet their daily dietary require-
ments, and hence, we recommend routine nutritional coun-
seling in order to prevent malnourishment, which may
further propagate osteoporosis and fracture risk.>’

PBC-Specific Therapies

The current therapies for PBC are associated with significant
improvement in PBC-related outcomes overall. Ursodeoxy-
cholic acid (UDCA) remains the gold standard therapy for
PBC. UDCA, obeticholic acid, and fibrates all significantly
reduce alkaline phosphatase levels, a surrogate marker of
disease activity in PBC.*®* ** UDCA also reduces the progres-
sion to cirrhosis and need for liver transplantation.' Additional
therapies are currently undergoing evaluation for the treatment
of PBC." Despite concrete evidence on improvement in impor-
tant clinical outcomes in PBC with these drugs, their efficacy
in osteopenia or osteoporosis has not been established.
Certain studies have evaluated BMD with these therapies.
In a randomized controlled trial with UDCA, patients had
annual BMD evaluation with DEXA while on therapy over
a period of 3 years, and there was no significant difference in
lumbar density compared to placebo.** In a Phase 3 pilot study
of obeticholic acid, patients had BMD evaluation at baseline
and at 12 months. Although there was less of a decline in

patients on treatment, there was no statistically significant
difference.*® More conclusive evidence of these treatments
for the bone-specific complications of PBC is warranted.

Vitamin D and Calcium

Data on vitamin D and calcium in PBC are sparse. However,
supplementation is still routinely recommended in these
patients given the low side-effect profile of these
medications.>*=** Interestingly, a single trial on calcitriol sup-
plementation did not show a benefit in BMD at 1 year com-
pared to baseline, but the untreated group did have
a significantly worse BMD.** AASLD and the European
Association for the Study of Liver Disease (EASL) suggest
consideration of calcium and vitamin D supplementation.*>*¢
AASLD advises 1,500 mg/day of calcium and 1000 IU/day of
vitamin D in patients without a history of renal stones. We also
believe that calcium and vitamin D supplementation should be
considered, particularly in those with low serum vitamin
D levels or other high-risk factors for osteoporosis (i.e. corti-

costeroid use).

Hormone Replacement Therapy
Hormonal replacement therapy (HRT) was previously used
in postmenopausal women to reduce bone resorption and
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decrease bone loss.*’ Initial trials of HRT in liver disease
suggested possible worsening of liver disease, but subse-
quent studies proved this not to be true.**>' However,
randomized trials have failed to prove benefit in terms of
reducing fracture risk, but a single trial did show improve-
ment in BMD.”**" Although HRT’s side effect profile is
tolerable in the context of liver disease, the non-liver related
side effects severely limit the routine use of these agents.

In our recent systematic review, HRT did not show
benefit in fracture risk reduction, but differentially met
the secondary outcome of change in BMD.* There was
a significant improvement in lumbar BMD with HRT at 24
months compared to placebo or no intervention (standard
mean difference [SMD] 0.69, 95% confidence interval [CI]
0.11 to 1.26, p=0.02), but no improvement in femoral
BMD at 24 months (SMD 1.79, 95% CI —0.96 to 4.55,
p=0.2). However, HRT was associated with significant
adverse events leading to withdrawal of patients from
studies. For these reasons, HRT is not a recommended
therapy in patients with PBC.

Bisphosphonates

Bisphosphonates reduce bone resorption and have been tested
in PBC-related osteoporosis. A double-blinded, randomized,
placebo-controlled trial of 34 patients evaluating alendronate,
a third-generation bisphosphonate, demonstrates a significant
improvement in spinal (0.09 + 0.03 g/cm?® SD from baseline vs
—0.003 + 0.02 g/cm? SD from baseline, p=0.005) and femoral
BMD (0.012 + 0.04 g/em?® vs —0.019 + 0.04 g/cm” SD from
baseline, p=0.046) compared to placebo at 1 year.>? In con-
trast, the two studies evaluating etidronate, a first-generation
bisphosphonate, do not show significant changes in BMD.>*>*
In our review, a combined pooled analysis of bisphosphonates
did not demonstrate any improvement on BMD compared to
placebo or no intervention (lumbar SMD 0.41, 95% CI —0.95
to 1.45, p=0.68; femoral SMD 0.21, 95% CI —0.39 to 0.82,
p=0.49).% Overall, the quality of current evidence is low.
Hence, the use of bisphosphonates in PBC still requires further
investigation.

Additional Treatments

Less common therapies, which have proven useful in post-
menopausal osteoporosis, have been considered in the con-
text of PBC. For example, a single pilot study of 9 patients
with PBC evaluated the use of raloxifene, a selective estro-
gen receptor modulators (SERM) that reduce bone
resorption.”® This study notes a small, but significant
improvement in lumbar BMD compared to the age-

matched controls (0.72 g/cm2, 95% CI 0.62-0.87 vs 0.74 g/
cm2, 95% CI 0.63-0.97; p-value=0.02), but there was no
difference in femoral BMD. Calcitonin has been evaluated
against calcium supplementation and control without any
noted significant improvement in BMD.***” Sodium fluor-
ide, which increases bone formation, was initially thought to
increase BMD compared to placebo in patients with PBC,*®
but subsequent investigation actually observed a decrease in
femoral BMD associated with its use after 2 years of
therapy.”® In addition, a small randomized trial evaluated
the effect of vitamin K, which is involved in bone formation,
and found that it was also not effective in improving BMD.®’
Human parathyroid hormone is approved for postmenopau-
sal osteoporosis, but has not been evaluated in humans with
PBC. A recombinant form of parathyroid hormone called
teriparatide, which stimulates bone formation, has only been
evaluated in animal studies.®' Overall, our recent systematic
review and meta-analysis of individual studies evaluating
sodium fluoride, calcitriol, vitamin K, and cyclosporine
A did not show any meaningful improvement in BMD
from baseline. Routine use of these therapies is therefore
not recommended for PBC-related osteoporosis.

Future Therapies in the Pipeline

The future for osteoporosis therapy in PBC remains uncer-
tain. Recently, a parathyroid hormone-related peptide ana-
log, abaloparatide, was approved by the Food and Drug
Administration (FDA) for postmenopausal osteoporosis. It
differs from teriparatide in that it actually promotes bone
formation, is generally better tolerated, and could potentially
have a role in PBC once investigations are undergone in this
population. Unfortunately, large gaps in knowledge on the
pathophysiology of PBC-related osteoporosis limit the
advent of novel, efficacious and useful therapies. In compar-
ison to treatments used for postmenopausal osteoporosis,
which is due to increased bone resorption, future therapies
for PBC should be targeted to improve bone formation.

Putting It All Together
Osteoporosis is a common manifestation in PBC and leads to
an impaired quality of life. Osteoporosis heightens the risk of
fractures and negatively impacts morbidity and mortality in
patients with PBC, including in those who undergo liver
transplantation. The prevalence of osteoporosis in PBC is
expected to increase as the overall prevalence of the disease
continues to rise.

Instituting timely diagnosis and intervention is impera-
tive in preventing the progression of osteoporosis and

Clinical and Experimental Gastroenterology 2020:13

submit your manuscript 21

Dove


http://www.dovepress.com
http://www.dovepress.com

Trivedi et al

Dove

optimizing the quality of life for patients with PBC.
However, management of this potentially debilitating com-
plication is not without challenges. Methods in prevention,
monitoring and treatment of osteoporosis in PBC are
sparse and limited in efficacy.

The optimal strategy for the diagnosis, prevention and
treatment of osteoporosis in PBC is not well established.
Majority of the data is extrapolated from the literature on
the management of postmenopausal osteoporosis, and may
not generalize well to patients with PBC as the pathophy-
siological mechanisms of the two diseases vary. While
postmenopausal osteoporosis is largely driven by an
increased bone resorption, PBC-related osteoporosis is
mostly from reduced bone formation.

Preventing the reduction of bone density is important
to decrease the risk of fractures and improve morbidity
and mortality. Unfortunately, the data in treatments of
PBC-related osteoporosis are inadequate as the overall
quality of evidence is low. In our recent systematic
review and meta-analysis of 11 randomized studies and
584 patients, we evaluated multiple treatments for osteo-
porosis including bisphosphonates (etidronate, alendro-
nate), hormonal replacement therapy (HRT), UDCA,
obeticholic acid, cyclosporine A, vitamin K, calcitriol,
and sodium fluoride.* None of the 11 studies met the
primary outcome of fracture reduction, including in the
pooled-analysis of bisphosphonates, but HRT did differ-
entially meet the secondary outcome of change in BMD.
Figure 1 provides a proposed algorithm for the diagnosis
and management of osteoporosis in PBC. Although we
have learnt a lot about PBC-related therapies for osteo-
porosis from the postmenopausal osteoporosis literature,
future studies investigating PBC-specific therapies with
a focus on improving bone formation are warranted.
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