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Abstract
Background—Primary biliary cirrhosis
(PBC) is increasingly being diagnosed in
the earlier non-cholestatic stages of dis-
ease. Accepted wisdom has been that PBC
is frequently complicated by osteoporosis.
Whether this association holds true for the
broader spectrum of PBC patients now
recognised has not as yet been studied.
Aims—To examine the extent to which
osteoporosis occurs more commonly in
PBC patients than in normal individuals
of the same age and sex.
Design—Retrospective review of a large
cohort of well characterised PBC patients.
Patients—A total of 272 PBC patients with
definite or probable PBC followed up for a
mean of 10.1 years (total follow up 2726
patient years) who had at least one bone
mineral density measurement (BMD).
Results—In this unselected group of PBC
patients, mean Z scores (number of SDs
from age and sex matched normal mean
values) at the neck of femur (NOF) and
lumbar spine (LS) at first BMD measure-
ment (7 (6) years after PBC diagnosis)
were −0.1 (1.4) and 0.1 (1.4), respectively.
At first BMD measurement, 18 PBC
patients had Z scores less than −2.0 and 85
had T scores less than −2.5. No factors
predictive of osteoporosis were found in
aVected patients. A total of 957 BMD
measurements were performed (0.35 per
patient year of follow up); 220 patients had
two or more measurements. No patient
went on to develop de novo osteoporosis
during follow up. In the 51 patients (who
were clinically representative of the whole
group) who received no PBC or bone
related treatment during follow up,
%BMD changes per year at the NOF and
LS were −1.6 (3.2) and 0.1 (2.2), respec-
tively. No variance in this “natural” rate of
BMD measurement was seen in patients
receiving PBC modulating agents (includ-
ing prednisolone and UDCA) or osteo-
porosis prophylaxis/therapy. Significant
improvement at the LS was seen in
patients undergoing liver transplantation.
Conclusions—Osteoporosis is not a spe-
cific complication of PBC.
(Gut 2001;49:282–287)

Keywords: liver cirrhosis; primary biliary cirrhosis;
osteoporosis

Primary biliary cirrhosis (PBC) is an auto-
immune disease of the liver characterised by
destruction of the small intrahepatic bile
ducts.1 Loss of bile ducts leads to the clinical
features of cholestasis.2 The disease is typically

progressive, with a proportion of patients going
on to develop cirrhosis.2 The rate of progres-
sion to cirrhosis can diVer markedly between
individual patients.3 PBC is significantly com-
moner in the female population and typically
develops in the middle years of life.4 In most
centres the median age for presentation is in
the range 55–60 years (a considerable number
of patients (39% in our series5) first presenting
over the age of 65 years).

Osteoporosis is defined as a progressive sys-
temic skeletal disease characterised by low
bone mass and microarchitectural deteriora-
tion of bone tissue with a consequent increase
in bone fragility and susceptibility to fracture.6

The World Health Organisation has defined
osteoporosis quantitatively as a bone density
more than 2.5 SDs below the mean value for
young adults (T scores less than −2.5).7

Osteoporosis and osteomalacia are described
as complicating PBC,8 9 and the scenario of a
cholestatic disease with its peak occurrence in
middle aged and older women is certainly one
which would raise concerns regarding the risks
of osteoporosis development. Suggested causes
for osteoporosis in PBC include impaired
calcium and vitamin D absorption resulting
from profound cholestasis, hyperbilirubinae-
mia impairing osteoblast function, and cortico-
steroid use.10 11

The prevalence of osteoporosis increases
however with advancing age in all subject
groups,12 raising the possibility that the pres-
ence of cases of osteoporosis in PBC popula-
tions might result not from a disease associated
pathological process but simply from the age
and sex of the aVected individuals. Data to
quantify the risk of osteoporosis and associated
fracture in PBC are limited. Bone density
measurements in three small studies have sug-
gested a specific association between oste-
oporosis and PBC.10 13 14 Conversely, a further
study in 47 patients15 suggested that PBC is not
complicated by osteoporosis. Data regarding
bone histology in PBC are equally contradic-
tory.13 14 16 Although the use of oral cortico-
steroids may potentially increase the risk of
osteoporosis in PBC, data to demonstrate an
additive risk are limited.3 15

With improvements in diagnosis, the clinical
spectrum of PBC has changed over the past 20
years, from a disease predominantly presenting
with severe cholestasis to one which is typically
diagnosed in its early asymptomatic stages.3 17

This change in clinical spectrum away from
overt cholestasis may further challenge the
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assumption that the majority of patients with
PBC are at risk of osteoporosis. With the
development of eVective treatment for osteo-
porosis it is clearly important however to iden-
tify patients who are at high risk of developing
the condition. We therefore set out to address
the question: are patients with PBC at extra
risk of osteoporosis? In order to do this we have
carried out a pragmatic retrospective examina-
tion of bone density measurements in a large
group of (otherwise) unselected PBC patients.

Methods
BONE DENSITY MEASUREMENTS

All patients attending the Regional Medical
Physics Department, Newcastle, UK, for bone
mineral density measurement (BMD) have
diagnostic and clinical details recorded. All
patients having BMD with a recorded diagno-
sis of PBC since the start of the Newcastle
BMD service were identified retrospectively.
To date, no systematic protocols have been in
place in Newcastle for BMD measurement in
subjects with PBC. Decisions regarding the
timing and frequency of BMD measurements
analysed in this study were made by individual
clinicians on the basis of perceived need.

Bone density measurements (g/cm2) of the
femoral neck (NOF) and lumbar spine (LS)
were taken in PBC patients using dual energy
x ray absorptiometry (DEXA). The BMD
service upgraded its equipment from a Hologic
QDR-1000 to a Hologic QDR-2000 DEXA
machine in 1992; 94% of BMD measurements
were taken using the newer equipment but
validation experiments have shown comparable
results with the two machines.18 Patients were
scanned according to the manufacturer’s rec-
ommendations. Scans were analysed, at the
time of performance, by trained and experi-
enced operators in accordance with standard
procedures. The in vivo precision measure-
ment at the spine and femoral neck is 1–2%.
Individual BMD results were obtained as a real
density in g/cm2 but have been compared with
the normal sex specific ranges for young adults
and the age related range to give T and Z
scores, respectively.

T and Z scores were calculated according to
established international normal ranges. The T
score is the number of SD units above or below
the mean for normal young adults while the Z
score is the number of SD units above or below
the age related normal mean.7 Percentage
change per year was calculated as a linear
regression of BMD on time and indicated the
change in BMD measurement that occurred
per year.

PBC PATIENTS

The hospital case records of all patients in
whom a diagnosis of PBC was considered in
the Northern Region were examined and clini-
cal, biochemical, and liver histology data
recorded on a regional PBC database.19 Details
were reviewed for all those individuals who had
attended for BMD measurement with a clinical
diagnosis of PBC (n=317). Treatment details
were reviewed from the case notes for all those
who had repeated BMD measurements. Ethics

permission for the collection of epidemiologi-
cal data and development of the database was
obtained from the Joint Newcastle Hospitals/
University Ethics Committee and all other eth-
ics committees in the whole study region.

All patients with definite and probable PBC
who had undergone BMD measurement were
identified. A definite diagnosis of PBC was
made on the basis of the presence of all three
of: (a) antimitochondrial antibody titre >1:40,
(b) cholestatic liver function tests, and (c)
compatible or diagnostic liver histology. A
diagnosis of probable PBC was made when two
of these parameters were present.20 The date at
which a presumed diagnosis of PBC was made
was the time at which two of the above three
diagnostic criteria were first fulfilled and
recorded in the case records. The date of
presumed diagnosis was thus regarded as the
date of “presentation” of disease.

As biochemical results may be from diVerent
laboratories with varying reference ranges, the
data were expressed as a ratio of the normal
range. A value within the normal range is
defined as being 1 while any result outside the
normal range is expressed as a ratio. For
bilirubin, transaminases, and alkaline phos-
phatase, this ratio is the result/upper limit of
normal (for example, abnormal bilirubin value
>1) while with albumin it is value/lower limit of
normal (for example, abnormal result <1). All
liver biopsies were reviewed for this study by
one of two histopathologists and classified
according to current histological criteria into
“early” (Scheuer stage I/II ) and “advanced”
(Scheuer stage III/IV).2

STATISTICAL ANALYSIS

Results are expressed as mean (SD) or median
(range). Comparisons between means were
carried out using the Student’s unpaired and
paired t test. The ÷2 test and Mann-Whitney U
test were used where appropriate. Correlations
were carried out using the Spearman rank cor-
relation coeYcient. A result was considered
statistically significant when p<0.05.

Results
A total of 317 patients were identified who had
at least one BMD measurement performed,
and in whom a diagnosis of PBC had been
recorded in the clinical extract. Cross reference
with the PBC database confirmed that 272 of
these individuals had definite or probable PBC
(definite 199 (73%)). The remaining 45
patients did not fulfil the diagnostic criteria for
PBC or were found to have other liver diseases
after review of the medical case records. These
patients were excluded from further analysis.
During the period when BMD measurement
was available, 415 patients were being followed
up in the PBC clinic and therefore were avail-
able to be referred for BMD measurement.

In the first part of this study we examined the
initial BMD measurements for the whole PBC
population. In the second we identified those
PBC patients who had gone on to have at least
one further follow up BMD measurement, and
examined these retrospectively with regard to
treatment and changes in T and Z scores.
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FIRST SCANS IN PATIENTS WITH PBC WHO HAD

BMD MEASUREMENT

The 272 individuals with definite or probable
PBC who had at least one BMD measurement
performed had, by the audit point for the cur-
rent study, been followed up for a total of 2726
years (mean (SD) follow up 10.1 (5.3) years;
range 1–29).

A total of 255 (94%) patients were female.
Of this female group, 45 (18%) had undergone
a hysterectomy and 163 (64%) were postmeno-
pausal (mean (SD) age at menopause 48.1
(4.5) years).

Mean (SD) age at first diagnosis was 56 (11)
years, with 115 (42%) subjects presenting for
the first time over the age of 65. Mean age at
the time of first BMD measurement was 62
(11) years and the mean (SD) time from pres-
entation to first BMD measurement was 7 (6)
years. Fifty patients died from all causes during
follow up, 19/50 (38%) from liver related
causes.

The results of the initial BMD measure-
ments for the whole PBC patient group are
shown in table 1. The most striking observation
is that mean (SD) Z scores for the NOF (−0.1
(1.4)) and LS (0.1 (1.4)) did not diVer signifi-
cantly from 0 (that is, there was no significant
diVerence between the mean values for BMD
measurements in PBC patients and those
expected for an age and sex matched “normal”
population).

Biochemical markers of PBC severity (bili-
rubin and albumin) and other liver related bio-
chemical tests (alkaline phosphatase and
transaminase) at the time of initial BMD
measurement were examined (table 1). No
correlation was seen between first NOF or LS
BMD absolute value and bilirubin level. No
correlation was seen between bilirubin level
and initial T or Z score at either the NOF or
LS.

Liver biopsy samples were available for
systematic review in 155 patients. Eighty three
of 155 (54%) patients had late disease (stage
III/IV) and 72/155 (46%) early disease on their
index liver biopsy. There was no significant dif-
ference in Z or T scores at either the NOF or

LS between those patients with early disease
and those with advanced disease.

Eighty five of 272 PBC patients had
osteoporosis (according to the WHO definition
of a T score of less than −2.5) at the time of
initial BMD measurement. Mean serum bili-
rubin and albumin levels were the same in
these patients as in the whole PBC patient
group (table 1), suggesting that this is not a
group of patients suVering from more chole-
static disease. As might be expected, the group
of patients found to have osteoporosis at the
time of their first BMD measurement had a
higher mean (SD) age than the non-
osteoporotic patients (67 (8) v 59 (11) years;
p<0.05). Fifty two of 85 patients with oste-
oporosis on their initial BMD had undergone a
liver biopsy. Thirty of 52 (57%) patients had
histologically advanced disease and 22 (43%)
early disease. Strikingly, among the 17 male
PBC patients in the study, nine (52%)
presented with an initial T score of less than
−2.5 and were thus osteoporotic.

Among the 272 PBC patients, 18 (6.6%; 15
female, three male) had significantly lower
BMD than would be predicted for their age
and sex (defined as Z score less than −2.0; see
clinical details in table 2). Only 3/18 had
elevated serum bilirubin levels at the time of
their index scan, again suggesting that more
severe cholestasis was unlikely to be the expla-
nation for the lower than predicted BMD
values seen in this group.

CHANGES IN BMD MEASUREMENT OVER TIME IN

PATIENTS HAVING MULTIPLE ASSESSMENTS

A total of 957 scans were performed on 272
patients with definite or probable PBC (equiv-
alent to 0.35 (957/2726) scans per patient year
of follow up). Mean (SD) number of scans per
patient was 5 (0.5). Median number of scans
per subject was 5 (range 1–11). Elevation of
bilirubin ratio, length of follow up, and age at
first scan were found to be associated with
patients having multiple scans (p<0.005,
p<0.01, and p<0.01, respectively). A total of
225/272 (82.7%) PBC patients had two or
more scans performed (repeat scanning being
performed at the discretion of the managing
clinician).

Medical notes were reviewed for details of
treatments received by each individual in
whom repeated BMD measurements had been
performed. Full treatment details were avail-
able for 220 of 225 patients having multiple
scans.

Among the 225 patients who underwent
multiple BMD measurements, none who had a
T score greater than −2.5 on their index scan
(n=141) went on to develop osteoporosis
(using the WHO definition) during follow up.
Only one PBC patient who did not have a Z
score greater than −2.0 on their index scan
went on to develop a Z score lower than −2 at
NOF during follow up (and this individual in
fact had a Z score of −2 at the LS on their index
scan).

Table 1 Liver function tests (ratio of upper limit of normal) and initial bone mineral
density measurements in the total unselected group of primary biliary cirrhosis patients
(n=272) and in those with T score less than and more than –2.5

Total group
(n=272)

T score below −2.5
(n=85)

T score above −2.5
(n=187)

Age at 1st scan (y) 62 (11) 67 (8)* 59 (11)*
Liver function tests (ratio of normal)

Bilirubin 1.34 (1.09) 1.34 (1.1) 1.35 (1.13)
Albumin 0.99 (0.05) 0.98 (0.06) 0.99 (0.06)
Alk phos 3.39 (3.13) 3.8 (3.8) 3.34 (3.29)
Transaminase 2.02 (2.03) 1.9 (1.2) 2.0 (2.1)

NOF
BMD (g/cm2) 0.7 (0.2) 0.6 (0.1) 0.75 (0.19)
T score −1.8 (1.6) — —
Z score −0.1 (1.4) — —

LS
BMD (g/cm2) 1.1 (0) 0.8 (0.2) 0.96 (0.14)
T score −1.3 (1.5) — —
Z score 0.1 (1.4) — —

All values are mean (SD).
NOF, neck of femur; BMD, bone mineral density; LS, lumbar spine; Alk phos, alkaline
phosphatase.
*p<0.05.
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The untreated group: those having multiple
assessments who had received no bone or liver
modulating therapy
Fifty one of 220 patients (23%) in the follow up
scan group for whom full details were available
had not received any treatment pertinent to
their liver disease, or potentially bone altering
medication, during the follow up period. This
group will subsequently be referred to as the
untreated group. The remaining 169 patients
are referred to as the treated group (see below).
BMD measurements and liver function tests
for the untreated group are shown in table 3.
Comparable proportions of early and advanced
disease patients were seen in the untreated and
treated groups (38% v 43% early disease,
respectively).

EVect of bone modulating treatment on those
having multiple assessments
Treatments studied were: (a) corticosteroids,
(b) biphosphonates, (c) calcium and vitamin D
supplements, and (d) hormone replacement
therapy (HRT).

The remaining 169 patients were treated
with one or more of the above treatment

modalities during follow up. Thirty had
received steroids (30/220 (13.6%)), 51 biphos-
phonates (51/220 (23%)), 13 HRT (13/220
(5.9%)), and 66 calcium supplements (66/220
(30%)). In addition, 21 patients had
undergone orthoptic liver transplantation (21/
220 (9.5%)).

In those who had repeated BMD measure-
ment while continuously being treated with
one or more of the above treatments—that is,
treatment had been started prior to the first
BMD measurement—percentage change per
year in BMD was compared with percentage
changes measured in the untreated group. No
significant diVerences in percentage change per
year (measured at both the NOF and LS) were
seen between patients treated with biphospho-
nates, HRT, prednisolone, or calcium supple-
ments and the untreated control group.

Of the patients who underwent orthotopic
liver transplantation during the follow up
period, 16/21 had BMD measurements taken
before and after transplantation. Although the
Z scores taken at the NOF were not signifi-
cantly diVerent, those at the LS increased
significantly after transplantation (mean (SD)
−1.162 (1.057) before transplantation com-
pared with −0.475 (0.859) after transplanta-
tion; p<0.0001).

Discussion
In this study, we have presented the largest
series of bone density measurements reported
in patients with PBC to date. Although the
patients constituted a heterogenous group with
respect to the treatment they had received, our
data showed that osteoporosis was no more
prevalent in this large population of PBC
patients than would have been expected in a
normal population of comparable age and sex.
This strongly suggests that while osteoporosis
occurs in a proportion of patients, it is not a
specific complication of PBC.

Previous studies addressing the question of
osteoporosis in PBC have drawn diVerent con-
clusions. This may be due to the numbers of
patients included (typically fewer than 50 in

Table 2 Clinical details of patients with Z scores less than −2 on the index scan at either the neck of femur or lumbar spine (n=18)

Liver function tests (ratio of normal)

Patient No
Age at 1st

scan Sex Dead Transplant Steroid UDCA Bisphos Ca suppl Biopsy Bilirubin Alk phos Transminase

1 60 F Y Y Y B <1 2.1 <1
2 61 F Y Y Y A <1 1.7 4.6
3 58 F Y Y Y <1 4 <1
4 59 F Y <1 <1 <1
5 73 F Y Y Y B 1.3 3.2 1.4
6 48 F Y <1 1.3 1.9
7 64 M Y Y <1 5.2 5.1
8 67 F Y Y Y Y A <1 <1 <1
9 53 F Y A <1 1.9 2

10 70 F Y A <1 5.9 1.6
11 62 M A <1 3.3 <1
12 69 F Y <1 11.5 3.8
13 54 F Y <1 <1 <1
14 64 F Y <1 7.5 5.8
15 58 M Y A <1 7.6 4.5
16 58 F Y Y A 1.7 6.7 2.2
17 65 F Y Y <1 1.2 <1
18 67 F Y Y 2.6 2.9 4.4

Bispho, bisphosphonate; Alk phos, alkaline phosphatase; Y, yes; N, no; dead, died during follow up; Ca suppl, calcium supplements; B, early histological disease; A,
advanced histological disease.

Table 3 Liver function tests (ratio of upper limit of
normal) and bone mineral density measurements for the
untreated primary biliary cirrhosis patient group (those
patients who had undergone repeated scans but received no
liver or bone related treatment) (n=51)

Untreated group (n=51)

Liver function tests (ratio of normal)
Bilirubin 1.2 (1.0)
Albumin 1.0 (0.01)
Alk phos 2.1 (1.5)
Transminase 1.7 (2.1)

NOF
BMD (g/cm2) 0.7 (0.2)
T score −1.8 (1.6)
Z score −0.1 (1.4)
% change/year −1.6 (3.2)

LS
BMD (g/cm2) 1.0 (0.2)
T score −0.8 (1.6)
Z score 0.6 (1.6)
% change/year 0.1 (2.2)

All values are mean (SD).
Alk phos, serum alkaline phosphatase; NOF, neck of femur;
BMD, bone mineral density; LS, lumber spine.
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the earlier studies) or the case mix of patients
with PBC (typically more skewed towards
advanced disease at a time when liver trans-
plantation was not routinely available in earlier
studies). It is essential that conclusions regard-
ing the prevalence of osteoporosis in PBC be
drawn from the largest possible patient popula-
tion. It is also important when considering a
disease that is common in older people that age
matched values be used to draw any conclu-
sions regarding the added risk of osteoporosis
resulting from the disease state. It has recently
been shown that rather than being a disease of
young and middle aged women, PBC is
actually a disease that often presents for the
first time over the age of 65.5 It is not surpris-
ing that osteoporosis is not uncommon in a
disease predominately aVecting peri- or post-
menopausal women. It is important to appreci-
ate however that the apparent risk of oste-
oporosis in PBC reflects the demographics of
the disease population rather than a specific
disease process. It has previously been noted
that the duration of PBC was significantly
longer in those patients with osteoporosis com-
pared with those without.13 This may similarly
be interpreted that as older people have had
PBC for longer, osteoporosis in PBC is an age
related phenomenon rather than one resulting
from PBC specific disease processes.

The group who had osteoporosis (T score
below −2.5) at the time of the first BMD
measurement was, on average, significantly
older than the PBC group as a whole, again
underlining the fact that osteoporosis is more a
disease of older people than a specific compli-
cation of PBC. A large proportion (52%) of
men with PBC had osteoporosis at presenta-
tion. The reasons for this are unclear and
require further evaluation.

Although osteoporosis was no more preva-
lent in the PBC population as a whole than the
normal population, and while elevated serum
bilirubin was not associated with reductions in
bone density, cases of osteoporosis obviously
did occur. The data regarding bone density
before and after liver transplantation suggest
that osteoporosis is exacerbated by end stage
disease (the typical disease state for patients
requiring liver transplantation). This observa-
tion is fully compatible with the overall lack of
association between PBC and osteoporosis
when one bears in mind the relative rarity in
our broad PBC population of severe, let alone
end stage, disease. In this study we showed sig-
nificant increases in BMD after liver transplan-
tation when measured at the LS but not at the
NOF. Changes are often slower at the NOF
than at the LS and this may well account for the
apparent discrepancy. This finding confirms
the previous results of Eastell and colleagues21

that after an initial fall in BMD, orthotopic liver
transplantation significantly increases bone
density. The mechanism by which this occurs
requires further evaluation but may be an indi-
cator of general debility followed by improved
mobility, or due to relief of cholestasis.

Our findings suggest (to the extent that is
possible in a historical descriptive study) that
drug treatment did not materially alter the

development of osteoporosis. This is in con-
trast with the work of Stellon and colleagues22

who demonstrated significantly greater bone
loss at all sites measured in those patients that
were receiving, or had received, cortico-
steroids. Almdal et al however showed that
bone mineral content was not significantly
associated with duration of liver disease,
impairment of liver function, variables reflect-
ing calcium homeostasis, or previous treatment
with glucocorticosteroids.15 This would appear
to concur with our present findings.

In this study, we acquired evidence from a
large cohort of patients with PBC. Given these
data it is diYcult to justify routine BMD
measurement in patients with PBC, particu-
larly as features that put individuals at risk are
not readily identifiable. “Targeted” screening
of only those patients with overtly cholestatic
disease who, based on earlier studies might
have been considered to be the at risk, would in
fact have resulted in the majority of oste-
oporotic patients being missed. In addition, our
findings regarding repeat screening suggest
that following exclusion of prevalent oste-
oporosis by initial scan, the pick up rate of sub-
sequent incident cases was extremely low.
Therefore, there is a convincing argument that
follow up scanning is inappropriate. The infor-
mation from this study will be useful in devel-
oping guidelines for the appropriate assess-
ment of osteoporosis in patients with PBC.

This study was a retrospective review of the
management of patients with PBC. The weak-
nesses of retrospective studies of this nature are
well known. Limitations notwithstanding, we
believe that our observation, that osteoporosis
is not a specific complication of primary biliary
cirrhosis, has important implications for the
future management of PBC patients.
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