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ABSTRACT

It remains unlear whetherprimary biliary cholangitis PBC) represents a riskactor for
secondanosteoporosisWe conducted aasecontrol studyto examine bone mineral density
and boneturnover markersin middleaged postmenopaus&BC patients without liver
cirrhosis We further compared the incidence of low bone mineral density betwee
propensityscore matched subgroups of PBC patients arkalthy controls Finally, we
investigated e mechanismsunderlying unbalanced boneurnover in terms ofthe
associationsdbetween bone turnover markers aRBC-specific histologicalfindings. Our
analysis included 28 consecutive PBC patientsl] postmenopausal womegel in their50s
or 60s without liver cirrhosisor fragility fracture atthe time of PBCdiagnosis. The
prevalenceof osteoporosisvas significantly higher in the PBC group tham the control
group 6% vs10%,p = 0.015, the Fisher exact probability tedt). most PBC patients (95%),
the level ofbonespecific alkaline phosphataseas above the normal rangeindicating
increasedbone formation On the other hand, the urine type Icollagencrosslinked
N-telopeptide showed variablevels amongour PBCpatients indicating unbalanced bone
resorption Advanced fibrosis was associated withw boneturnover.Lobular cholestasis,
evaluaed asaberrantkeratin 7 expressionin hepatocytes, showed significant negative
correlationswith bone formation and resorption indicating low boneturnover. Our results
clearly show that, compared with healthy controls, evenanmohotic PBC patients have
significantly higher risk of osbporosisMoreover, bbular cholestasisas associated with
low bone turnover suggesting thathis feature of PBCmay itself cause secondary

osteoporosis in PB@atients
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INTRODUCTION

Primary biliary ¢olangits (PBC) is a chronic cholestatic liver disease of autoimmune
etiology, predominantly affecting middeeged womenlts prevalence varies by geographic
region, from 0.7 to 49 per milliorindividuals in the generapopulation® PBC is
characterized by chronic nonsuppurative destructive cholangitis that gradually progresses to
cirrhosis, ultimately resulting in liver failureow bone mineral densitBMD), osteoporosis,
and bone fractureepresentvell-recognized complicatianof PBC mainly associated with
liver cirrhosis® The increasedisks of secondaryosteoporosids related withpoor liver
function in cirrhotic patients, whiclaffectsthe transformation of 1,25(0OH)2D3, the active
form of vitamin O and production ofnsulinlike growth factorl. Liver cirrhosis also results
in insufficient secretion of bile agdnto the intestine, which reduces intestinal absorption of
calcium and vitamin ¥

Gua—abens et al. reported that optrosis is more prevalent imiddle aged
postmenopausawomen with PBC than in the ageatched general populatith
Osteoporosis jshowever, occasionally observed in PBC patientsthout liverrelated
symptoms or liver dysfunction, andhas not beewglarified whether PBC itself represents a
further risk for osteoporosis among PBC patients witHougtr cirrhosis. Therefore we
conducted a casmontrol study to examinBMD in PBC patientsvithout liver cirrhosisand

to assess whether these patientelasreased risks of osteoporosis.



METHODS

Patients

The presentstudy enrolledconsecutivdemalepatientsaged in their 50sor 605 who were
diagnosed with PB®etween2002 and 2012 at OkayamaUniversity Hospital or one ofits
affiliated hospitak. Thediagnosis of PBC wasstablishedf the patient satisfiedwo of the
following criteria: positive test for anthitochondrial antibody, biochemical evidence of
cholestasis and liver biopsyfindings compatible with the diagnosisf PBC® Patients
showing other signs of liver injury oserum positivity for hepatitis B surface antigens or
antihepatitis C virus antibodies were excluded fromgfudy. Presence of obstructive biliary
diseases such as stener tumos was excluded in all pants following abdominal
ultrasonography and computed tomograpkgminations

Additionally, a groupof postmenopausal womeaiged in their 50s or 60wjth no relevant
medical historywere enrolledas healthy contrelfrom a pool ofvolunteersrecruitedby the
Department of Gastroenterology and Hepatology of Okayama University.

The study was conducted in accordance with the Helsinki Declaration, and approved by the
ethical committee odll participatinginstitutes. All patientsand healthy volunteegsrovided

written informed conserfor participation

Evaluation of BMD

Low BMD was diagnosedaccording to the Japanese guidelines for prevention and
treatment of osteoporosis terms ofthe young adult mean (YAM) dMD at the lumbar
vertebrae L2o L4.©) Osteopeniavas defined a8MD below 80 % ofthe YAM, which is
approximately equivalent to 1.5 standard deviaibelow average irthe distribution of

values used to develop tN&M . Similarly, osteoporosisvas defined as BMD below 70% of



YAM, which is approximately equivalent 8.5 standard deviatiabelow average in the

distribution d values used to develdpe YAM.

Histological evaluation

Liver biopsy wagperformedfor all patients at the time ¢tBC diagnosis. The histological
stage of PBC was determined according to the histological classificapooposed by
Nakanuma et af” which is based ofPBC-specific histologica findingsincluding fibrosis,

bile duct lossprceinpositive granules in the liver, cholangitis, and hepatitis

Immunohistochemistry of keratin 7

Immunchistochemical analysis was performed using formfked paraffirembedded
samplesobtainedat the time of PBCdiagnosis.Preparation of thesamplesections and
immunostainingfor keratin 7 (K-7) were performedas described previousf§? K-7
expression patterns were classified as previously descripade 1, K7 expressiomotedin
bile duct epithelial cells and proliferated bile ductulgsade 2, periportal hepatocytes
positive for K7; grade 3, intralobular hepatocytes also positive for7Kand gade4, K-7

diffusely stained throughout the lobufé&g)

Statistical analysis

Quantitative dataare expressed as means * standard deviatrRatgent characteristics
were compared using the MdMihitney U test. The incidence of steoporosis as
compared between thmatched groups oPBC patients and healthy controlssing the
KruskalWallis test or the Fisher exact probability tédte relationshigs between low BMD
and clinical or histological characteristiegere analyzedusing logistic regressionThe

propensity score of the factors associated {@hBMD was estimated for each patient using



a logistic regression model. The PBC patients weatchedwith healthy volunteer$or the
factors identified to correlate with low BMD, aadcaliper width within 0.1 of the propensity
scorewas appliedCorrelations of PB&pecific histological featuremnd bone metabolisms
were evaluated with the SpearmanOs rank correlation coeffBtatistical analyses were
performed usingdMP Proversion12.0 (SAS Institute, Cary, NC,3A), andp-values <0.05

were consideretb indicate statisticadignificarce



RESULTS

Characteristics of the PBC patients enrolled in the study

We enrolled137 consecutive®BC patients all postmenopausal women aged in theds
or 60s with no liverrelated symptoms or fragility fractued the time of PBCdiagnosis A
total of 9patients werexcluded fronthe presentanalysisbecause of the following reasons:
histological diagnosis ofcirrhosis (5 patient}, confirmation of regular menstruaycle (3
patient$, andprogression tendstage renal diseasequiringdialysis treatmenfl patient)
Table 1provides asummary ofthe baseline characteristics of the8l2atientswho fulfilled
the inclusion criteriat the time oPBCdiagnosisThe mean age of the patients was 61 years,
and 70% of the patientswere posive for antirmitochondrial antibodyAll patients had
abnormal levels of-glutamyl transpeptidag&GT), but did not show signs of impairéder
function, as thetotal bilirubin level, alouminlevel, and platelet counwere all within normal

limits.

Evaluation of clinical and histological characteristics as potential risk factors for
osteoporosis in PBC patients

Following logistic regression analys(3able 2), we found thathe age at diagnosis and
body mass index weraignificantly associated with low BMDp{ 0.020 and 0.015,
respectively), while the levels of biliary enzymes such as alanine aminotransferase, alkaline
phosphatas€¢ALP), and GGT were not.Findings related toiver function (total bilirubin,
albumin, andplatelet count showedno significant correlations with low BMDA similar
lack of statistical significance was noted ftire correlations between low BMD and

PBG-specifichistologicalfindings



Comparison of BMD between PBC patients and propensity-score matched healthy
volunteers

Becauseour logistic regression analysis showed tihat age at diagnosis and body mass
index were significantly associated with osteoporasiBBC patients, the propensity scores
were calculated for age at diagnosis and bodyssnindex, and 10@BC patients were
matched witlb0 healthycontrols.

After propensityscore matchingthe matchedsubgroug of PBC patientsand healthy
controls showedsimilar age, age of menopause, body mass index, BB (Table 3)
Nevertheless hie diagnosis of lonBMD and osteoporosiwas significantly more frequent in
the PBC group tham the control groupg = 0.050, KruskaWallis test Table 3).Similarly,
the prevalenceof patients with osteoporosisassignificantly higher in théBC group 26%)

thanin the control group (10%, p = 0.B1the Fisher exact probability test).

Markers of bone turnover in PBC patients

The mechanisms underlyinggducedBMD in PBC patients were assessgdexamining
the levels otblood and urie markersof boneturnover(Figure 1) No decreasén thelevels
of vitamin D wasobserved among tee patientsconfirming the lack ofliver dysfunction.
There were several patients widlbovenormallevels of intact parathormone or vitamin D
(18% and34% of patients respectively) Nevertheless, the serum levels of calcium were
within normal ranges in all patients No patient showed decreased levels of bone formation
markers such as bone-specific alkaline phosphatase (BAP), but many patients (95%) showed
abovenormal \alues. The urine marker ofbone resorption type | collagercrosslinked

N-telopeptide showedariable levels amongour sample of PB@atients.

Associations between markers of bone turnover and PBC-specific histological findings



To further clarify the mechanismsunderlying reducedBMD in noncirrhotic PBC
patients, we examinedthe associationsbetween PBC-specific histologicalfindings and
markers ofboneturnover(Table 4). Advancedfibrosis wassignificantly correlatedwith low
levels ofserumBAP, serum osteocalcimndurine type Icollagen-cross-linked N-telopeptide
(p: 0.040, 0.0018, and 0.025, respectiveypearmanOsank correlation coefficient)
suggestinghat advanced fibrosis is associated with low bone turnoverwith decreased bone
formation andresorption Cholangitis and hepatitis were associated vd#ctreasedone
formation butshowed no relationshigith boneresorption In terms oflobular cholestasis,
the finding oforceinpositive granules in the liver showed no significant associations with
bone turnover markers,while bile duct losstendedto indicatelow boneturnover showing
weak associations withserum osteocalcin andurine type | collagencrosslinked

N-telopeptidgp: 0.01 and 0.056, respectively).

Associations between markers of bone turnover and aberrant K-7 expression

Lobular cholestasisjefined in terms ofaberrant K7 expression in hepatocytesalso
indicated low boneturnovey showingsignificant negativecorrelation(the SpearmanOs rank
correlation coefficient)with both bone formation andresorption(Table 4 and Fig. 2.
Additionally, aberrant K-7 expression in hepatocytesvas significantly correlatediith GGT
levels(R = 0.34, p = 0.0089, but notwith ALP levels R = 0.17,p= 0.2]). Theprevalenceof
osteoporosis was slightly higher in patients Vit7 expression ofirade 3 or 4 thaim those
with K-7 expression ofjrade 1 or 2but the differencavas not statisticht significant(36%

vs 31%,p = 0.22; the Fisher exact probability test
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DISCUSSION
We conductedhe presentasecontrol study to examin8MD in PBC patients without
liver cirrhosisand to assess whether these patients imaveased risks of osteoporosis. Our
analysisinvolving propensityscore matched groups ofiddle aged postmenopausal women
revealed thatcompared to healthy controksyen norcirrhotic PBC patients have highrisk
of osteoporosisHistologicalexaminationsuggested that PBC itself results in a furthek ris
for low boneturnover associated with lobular cholestasis in foimhotic PBC stages.
Osteoporosiss known to be associated withd age, female sexeducedphysical activity,
and low body mass indé Further factors such as a historyfdcture, steroidtreatment,
smoking alcohol abuse, and diabetes mellitus are thought to increase the risk of secondary
osteoporosisWhile hepatic osteodystrophy is kmown complicationin patients withliver

cirrhosis**®?

it is occasionally observeth PBC patients without livecirrhosis™” The
presentinvestigationrepresentghe first casecontrol study to ealuatewhetherPBC itself
may increasdherisk of osteoporosisven in norcirrhotic patients We found that, compared
with healthy controlsPBC patients in negirrhotic stagesndeedhavessignificantly higher
risk of osteoporosis

Our resultsindicatedthat low BMD occurreddue tounbalanced bone resorption despite
increasedone formationPostmenopausalvomenoftenhave lowlevelsof estrogenwhich
may triggethigh boneturnover withincrease boneresorptionoverbone formatiod® On the
other handJow boneturnover withdecreased bone formation amesorptionwas notedn
patientswith liver cirrhosis®™ The present study enrolled only poshenopausaiomenin
thar 50s or 60s al patients werenoncirrhotic and maintained good liver functiamth
sufficientsecretion of lbe acids into the intestineWhile it is possible thathese patients had

high boneturnoverbecause of thiow levels of estrogersome of thepatientswith lobular

cholestasishowed lowboneturnover.lt was previously noted th&BC patient®ccasionally
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havelobular cholestasis with bile dudbss even imoncirrhotic stage$’ Taken together,
these results suggestat this specific feature of PBQ.e., lobular cholestasispay cause
secondary osteoporosis in Pp@&tients

Patients with bolestatic liver diseases exhibit higerumlevels of ALP andGGT. In
recent reports, GGT has been identified as a novel-teswebing factor that stimulates
osteoclast formatiat* In a mouse modebf cholestasis, elevated GGT levatere found
to stimulate the expression of receptor activator of"BHigand in osteoblasts, antb
activate osteoclast formati® On the other handt has been reported thaigher ALP
levelsin PBC patientsndicatesevere cholangitis, but not severe cholestfitdeed, he
presentresults indicatedhat GGT level, bunot ALP leve] correlatedsignificanty with
cholestasis, suggestitigat lobular cholestasis in PBC patietriggers boneresorptiondue to
increasedsGT levels

Aberrant k7 expression in hepatocytes is a more sensitive marker of lobular cholestasis
than bile duct loss oorcein-positive granules in the liver, as previously repafteti The
resultsof the present study revealed thiat cholestatic patientgberrant K7 expression in
hepatocytes is clearly associated with bdoenover, whichreflects the rate of bone
formation andresorption Therefore,in patients with lobular cholestasand aberrant K7
expression in hepatocytes, earitiation of prevenive careshould be considered, in order to
reduce the risk fofuture osteoporosis or fragility fracturddased on our resultg;e believe
that medial therapiegocused orimproving boneturnovermay be effectiven reducing the
risk of secondary osteoporosis in PBC patiests;h therapies may includeitamin K2
supplementsto supportosteocalcin synthesis amdoid the expression @éceptor activator
of NF-"B ligand following osteoclast activatiof”

Overal, the results of our studghowedthat, compared to healthy controls, eveBC

patients in nortirrhotic stages have significantly higher risk of osteopordsisthermore,
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lobularcholestasisvas associated with low turnoyesuggesting that lobulaholestasis itself

may cause secondary osteoporosis in PBtEnts
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TABLES

Table 1 Clinical characteristics of patientgth primary biliary cholangitis (n = 128)

Characteristic Value
Age, years 61 (49B/0)
Age of menopausgears 50 (42E66)
Body mass indexkg/n" 22(16E86)
Alanine aminotransferasiJ/L 24+ 17
Alkaline phosphataséU/L 321+ 199
I -glutamyl transpeptidaséJ/L 75+ 1@
Total bilirubin, mg/dL 0.68+£ 0.3
Albumin, g/dL 43+0.4
Platelet count! 10%/mm?® 22 +7

Data given asnedian (rangedr meanz standard deviatian



patients withprimarybiliary cholangitis

Characteristic Odds ratio (95% CI) p
Age, years 1.1 (1.081.2) 0.020
Age of menopausgears 1.0 (0.881.1) 0.970
Body mass indexkg/m? 0.81 (0.680.95) 0.015
Blood tesftfindings

Alanine aminotransferasiJ/L 1.0 (0.9%1.0) 0.170
Alkaline phosphataséU/L 1.0 (0.9%1.0) 0.290
I -glutamyl transpeptidaséJ/L 1.0 (0.9%1.0) 0.490
Total bilirubin, mg/dL 0.61 (0.1£2.6) 0.520
Albumin, g/dL 0.61 (0.281.6) 0.310
Platelet count! 10//mm® 1.0 (0.961.1) 0.680
Liver histologyfindings

Fibrosis 2.0 (0.9%4.3) 0.080
Bile duct loss 1.5 (0.9@&2.5) 0.1
Orceinpositive granules in the liver 1.0 (0.551.9) 0.999
Cholangitis 1.2 (0.5&2.6) 0.710
Hepatitis 1.4 (0.3%56.8) 0.620

Cl, confidence interval.

Table 2. Clinical and histologicatharacteristicpotentially associated with osteoporosis
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Table 3. Overviewof risk factorsfor osteoporosis in patients with primary biliary cholangitis

Factor All patients Matched Healthy
(n=128)  (n=100) control

(n =50)
Age, years 61+6 59+5 60+ 3
Age of menopausgears 50+ 4 503 50+ 4
Body mass indexkg/n" 22+ 3 23+3 22+ 2

Bone mineral densityng/cn? 0.84+0.2 0.86+£ 0.2 0.85+0.1

Bone mineral density,?

71/24/33 58/19/23 33/12/5
normalbstopenidosteoporosis

Data given as meanstandard deviation, unless otherwise specified.

®Bone mineral densityaccording to theclassification proposed irthe Japanese 2011

guidelines for prevention and treatment of osteoparosis
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Table 4. Correlationbetween markers of bone turnover dmstologicalfindingsspecific to

primary biliary cholangitis

Marker R p
Fibrosis BAP -0.30 0.040
Osteocalcin -0.47 0.0@
NTx -0.34 0.025
Bile duct loss BAP -0.19 0.210
Osteocalcin -0.39 0.010
NTx -0.29 0.056
Orceinpositive granules in the
BAP -0.14 0.390
liver
Osteocalcin -0.25 0.110
NTx -0.12 0.4%
Cholangitis BAP -0.25 0.092
Osteocalcin -0.40 0.008
NTx -0.12 0.4%
Hepatitis BAP -0.24 0.110
Osteocalcin -0.34 0.026
NTx -0.21 0.180
Aberrant K7 expression in the
BAP -0.34 0.021

liver
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Osteocalcin -0.48 0.001

NTX -0.39 0.009

BAP, bonespecific alkaline phosphatas€:7, keratin 7;NTx, type | collagencrosslinked

N-telopeptide.
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FIGURE LEGENDS

Fig. 1. Blood and urie markersof boneturnover:bonespecific alkaline phosphataga),

osteocalcin(B), urine type | collagencrosslinked N-telopeptide(NTx) (C), parathormone
(D), vitamin D (E), alkaline phosphatasd-)( -glutamyl transpeptidaseG}. Upper and
lower limits of the normal range are indicated in dashed lineBCE, bone collagen

equivalent; Cr, creatinine.

Fig. 2. Association betweekeratin 7 K-7) expression in hepatocand markers ofbone
turnover: bonespecific alkaline phosphatas€A), osteocalcin B), urine type |
collagencrosslinked N-telopeptide (NTx)(C), parathormonel}), vitamin D E), alkaline
phosphataseF], -glutamyl transpeptidasé&). K-7 expressiomatternsn hepatocytewere
classified as followsgrade 1, expression in bile duct epithelial cells and proliferated bile
ductules; grade 2, expression inperiportal hepatocytesgrade 3, expression also in
intralobular hepatocytegrade 4, K7 diffusely stained throughout the lobul&CE, bone

collagen equivalent; Cr, creatinine.
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