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Aim: to present disorders of mineral and bone metabolism in patients with chronic liver diseases through clinical
observations.

Key points. The liver plays an important role in mineral metabolism: metabolic activation of vitamin D, synthesis of
vitamin D-binding protein and albumin, metabolism of parathyroid hormone, etc. However, data on the development
of mineral metabolism disorders, particularly hyperparathyroidism, in this population are very limited. Bone diseases
such as osteoporosis and osteomalacia are quite common in chronic liver disease, especially in cirrhosis and choles-
tatic diseases; however, the pathogenesis of these disorders and their relationship with mineral metabolism remain
poorly understood. The article presents cases of severe primary hyperparathyroidism (PHPT) in patients with chronic
liver disease. In one patient with a long history of viral hepatitis C and cirrhosis, PHPT manifested with severe bone
complications, including multiple vertebral compression fractures and a subsequent femoral neck fracture. Imaging
studies revealed lesions of all four parathyroid glands, and the removal of the largest lesion did not result in disease
remission. In the second case described, PHPT was diagnosed in a patient with bone pain and osteoporosis following
orthotopic liver transplantation for Budd — Chiari syndrome with cirrhosis. One year after the initial surgical treat-
ment for PHPT, the patient experienced a recurrence of the disease, with confirmed multiglandular lesion.
Conclusion. In patients with chronic liver diseases, disorders of mineral and bone metabolism remain a significant
yet not fully understood problem. Further studies are needed to develop therapeutic approaches for this group of pa-
tients to prevent the onset of late, disabling complications.
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Llenb: npeacTaBUTb HAPYLLIEHNS MUHEPANbHOIO Y KOCTHOFO OOMEHA Y NaLMEHTOB C XPOHNYECKUMU 3a001eBaHUs-
MW MeYeHN Ha NPUMepPe KITIMHNYECKNX HaOMIOAEHNIA.

OCHOBHbIE NOJIOXeHUS. [NeyeHb 9BNAeTCa BaXHbIM 3BEHOM MUHEPANbHOrO OOMEeHa: OHa y4acTBYET B aKTUBALN
BUTaMuHa D, cuHTe3e ButammnH D-cBa3biBatoLLero 6enka v anbbymumHa, Metabonmame napaTtmpeongHoro ropMoHa
1 Apyrux npoueccax. B To xe BpeMsa AaHHble 0 pa3BUTUN HAPYLUEHUM MUHEPAIbHOro 06MeHa, B HaCTHOCTU rmnep-
napaTnmpeosa, B 3TOW rpynne nauMeHTOB BECbMa OrpaHmyeHsbl. [pu XpoHMYeCKx 3ab0NeBaHUAX NeYeHn 4OCTaTo -
HO YaCcTO HabnoaeTCca NopaxeHne KOCTHOM TKaHW B BUAE OCTEONOPO03a 1 OCTEOMANALMN, 0OCOOEHHO Npu LMpPpo3e
1 X0JIeCTaTn4ecknx 3aboneBaHnaxX, 0AHAKO NaTOreHes 3TUX HAPYLLIEHWI U UX CBA3b C MUHEPaASIbHbIM OOMEHOM Masno
n3yyeHbl. B cTatbe npeacrasfieHbl Criydan TSXENOoro TedeHns nepeBu4Horo runepnapartupeoda (MMT) y naunen-
TOB C XPOHUYECKMMU 3200NEBAHUAMN NEYEHN. Y MALUMEHTKN C ONTENIbHbIM aHaMHEe30M BUMPYCHOro renaturta C
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1 umppo3om nevenu MITT peboTMpoBan C TAXENbIX KOCTHLIX OCTIOXHEHNI — MHOXECTBEHHbIX KOMMNPECCUOHHbIX
nepesioMoB MO3BOHKOB, a BMOCNEACTBUN N NEPENOMA ek 6eapeHHor KocTu. MNpu ToNMYeckon AnarHocTuke
OblIM BbISIBNIEHLI 00Pa30BaHMS YETLIPEX OKOMOLLMTOBUAHbIX XeNes, a yoaneHe Hanbonee KpynHoro o6pa3oBaHus
He NPUWBENO K pemuccun 3aboneaHns. Bo BTopom onucanHoMm cnydae MIMT 6bin AnarHoCTMpOoBaH Y NaLMeHTKN
¢ 60n5IMK B KOCTSIX M OCTEONOPO30M MOCJIE OPTOTONUYECKOW NEPECAnKMN NEYEHN NO NoBoay cuHapoma bapna — Ku-
apu ¢ GopMUpoBaHNEM LUMPPO3a neveHn. CnycTs rog nocne NnepBUYHOro xmpyprudeckoro nevexHma MIMT otmeyveH
peunave 3aboneBaHNs, YTO NOATBEPANIIO MYNILTUINAHAYNSPHOE NOPaXeHME.

3aknioueHume. Y NnauMeHToOB C XPOHNYECKMU 3aD60IEBAHNSIMI NEYEHN HAPYLLEHUS MUHEPASTLHOTO Y KOCTHOIO 06-
MeHa 0OCTalTCH CEPbE3HON 1 He A0 KOHLUA U3y4eHHOoM npobnemoii. [na pa3paboTky TepaneBTUYeCcKkux noaxoaos
K 3TOl rpynne 60/bHbIX 1 METOAOB NPOMUNAKTUKM PAa3BUTUS MO3OHUX MHBANUAN3UPYIOLLMX OCIIOXHEHUI TPEDYIOT-
CS1 AanbHENLLIME UCCNEe0BaHUS.

KnioueBbie cnoBa: runepnapaTtMpeos, XxpoHM4eckne 3aboneBaHnsi NeYEHU, LMPPO3 NEYEHN, OCTEONOPO3
KoHdnukT nHtepecoB: ctatbs onybnvkoBaHa B pamkax BbinofiHeHUs rpaHTa PH® Ne24-25-00348 «HapylueHus
MeTabonmama ButammHa D n 0cCOBEHHOCTM KOCTHOrO PEMOLENNPOBAHUS Y MALUNEHTOB C LIMPPO30M MEYEeHN pas-
JINYHOW 3TUONOTUN».

Ans untupoBaHus: JlaspeHiok A.A., fop6ayesa A.M., Brnbuik E.E., Epemkuna A.K., TuxoHoB W.H., Mokpsiwesa H.I. Mnepnapa-
TMPEO3 Y NAUMEHTOB C TEPMUHAJIbHOW CTaAMen XPOHNYECKUX 3ab0NeBaHNin NeveHn (KNMHNYeckne HabnoaeHus). Poccuinckumia
XXypHan racTpo3HTeponoruu, renatonornm, kononpokronormun. 2024;34(5):93-101. https://doi.org/10.22416/1382-4376-2024-

34-5-93-101

Liver cirrhosis is a socially significant disease
associated with severe complications, a high risk
of disability, and elevated patient mortality. In
the structure of all causes of death, liver cirrho-
sis ranks 11th, and in the structure of morbid-
ity — 15th. Until recently, the leading causes
of liver cirrhosis were viral hepatitis and alcohol
consumption. However, an increasing proportion
of liver cirrhosis cases are now attributed to meta-
bolic dysfunction-associated steatotic liver disease
(MASLD), affecting 20—25 % of the population
(up to 37 % in some countries). This trend is likely
related to the increasing prevalence of obesity [1].
According to the results of the Global Burden of
Disease Study 2017, mortality from liver cirrhosis
in Russia increased from 9.6 to 24.3 per 100,000
population from 1990 to 2017 [2].

The liver is one of the key organs involved in
maintaining mineral homeostasis. Studies on para-
thyroid gland disease associated with chronic liver
disease are limited, primarily focusing on vitamin
D deficiency or insufficiency and hypocalcemia,
yielding highly variable results [3]. Data on the
course of primary hyperparathyroidism (PHPT)
in patients with chronic liver disease are limit-
ed, primarily restricted to descriptions of a few
clinical cases. It is possible that both diseases ex-
acerbate one another. On one hand, osteoporosis
prevalence in patients with liver cirrhosis rang-
es from 12 to 55 %, which is significantly higher
than in the general population [4], and is more
common in cholestatic liver diseases, where vita-
min D absorption is impaired. In addition, up to
40 % of patients with chronic liver disease suffer
from fractures [5, 6]. On the other hand, bone

disorders are among the most common complica-
tions of PHPT and can manifest as a progressive
decrease in bone mineral density (BMD), along
with pathological fractures and cystic fibrous os-
teitis. According to a Russian Registry, the total
incidence of bone complications in patients with
PHPT reaches 62.5 % (primarily in combination
with visceral complications — 45.7 %), of which
low-energy fractures at various sites were diag-
nosed in 41.1 % of cases [7].

Most endocrine society guidelines primarily
identify chronic liver disease as a secondary cause
of osteoporosis, which does not fully capture the
condition’s pathogenesis [8, 9]. In patients with
coexisting liver disease and parathyroid gland dis-
orders, there may be additional “points of inter-
section”. These may include vitamin D metabo-
lism at various stages, protein metabolism, and
more subtle mechanisms regulating bone remodel-
ing. However, data on this topic are lacking, indi-
cating a need for further scientific research.

This article presents several patients with se-
vere hyperparathyroidism and significant bone
disorders associated with various underlying liver
diseases.

Clinical Case 1

Patient L., a 63-year-old female with a long
history of viral hepatitis C and liver cirrhosis, had
not been regularly monitored by doctors and had
not received antiviral therapy.

Elevated blood calcium level was first noted
in 2014, at the same time as scintigraphy data
revealed right inferior parathyroid gland. She was
diagnosed with severe osteoporosis (confirmed by
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DEXA and X-ray), a compression fracture of L,
and compression of L. Despite these findings, she
did not seek medical care between 2014 and 2020.
During this time, she sustained low-energy frac-
tures of both the humerus and right radius. The
medical documentation regarding the patient’s
previous fractures was not provided.

In July 2020, primary hyperparathyroidism
(PHPT) was diagnosed, characterized by hypercal-
cemia, 25-OH vitamin D deficiency, and an esti-
mated glomerular filtration rate (eGFR) of 57—
80 mL/min/1.73 m? (CKD-EPI formula), along
with an increase in parathyroid hormone (PTH)
levels. The results of laboratory studies during
the observation period are presented in Table 1.
DEXA showed a negative trend in bone mine-
ral density (BMD, Table 2), while X-ray revealed
new compression fractures of L, (29 % bone mass
loss), L, (24 %), and compression of L, (18 %)
vertebrae. Despite the absolute indication for sur-
gical treatment, it was postponed due to identified
esophageal varices.

In 2021, the patient was repeatedly admitted to
a gastroenterology clinic, where endoscopic liga-
tion of esophageal varices was performed. She was
diagnosed with hepatitis C-related liver cirrhosis,
classified as Child — Pugh Class A (5 points)
with portal hypertension. No antiviral thera-
py was prescribed according to the discharge
summary. During her treatment in the gastro-
enterology clinic, denosumab was prescribed to

prevent further progression of bone complica-
tions related to PHPT and to correct hypercal-
cemia. However, only one injection was admin-
istered (in April 2021).

In September 2021, the patient was admit-
ted to the Department of Parathyroid Glands
Pathology and Disorders of mineral metabo-
lism at the National Medical Research Center
for Endocrinology. The results of the labora-
tory tests are presented in Table 1. Given the
marked hypercalcemia, cinacalcet 30 mg/day
was initiated, resulting in a reduction of the
albumin-adjusted calcium level to 2.74 mmol /L.
A progressive decrease in BMD was observed
(Table 2). Computed tomography revealed bilat-
eral kidney stones up to 4 mm in size. Imaging
methods identified four parathyroid glands:
right superior (2.1 x 1.1 x 0.9 cm), right inferior
(0.8 x 0.6 x 0.4 cm), left superior (2.1 x 0.9 x 0.6 cm),
and left inferior (1.2 x 0.7 x 0.8 cm). The pa-
tient did not have any clinical signs of multiple
endocrine neoplasia syndrome type 1 (MEN1);
therefore, considering her age, genetic screening
was not recommended.

The liver examination revealed no clinical-
ly significant abnormalities: AST — 48.1 U/L
(norm: 5—34), ALT — 31.8 U/L (norm: 0—55),
total bilirubin — 13.8 umol/L (norm: 3.4—20.5),
total protein — 79.4 g/L (norm: 64—83), albu-
min — 37 g¢/L (norm: 34—48), prothrombin time
10.1 sec (norm: 9.4—12.5), prothrombin — 151 %

Table 1. Laboratory parameters of Patient L. during the observation period
Ta6auua 1. JlabopatopHble MokaszaTean manueHTky JI. 3a mepmon HaOIIOgeHIS

Before parathyroidectomy AR arjlzttl)lgf;(‘);dectomy
Parameter / Hapamemp Ao napamupeoudsxmomnuu napamupeoudsxmomuu
07.2020 | 03.2021 | 09.2021 10.2021 08.2022

PTH, pg/mL / IITT, ne/xnx 132.02 | 119.9 | 147.6 57.99 84.37
(norm / nopma: 15—65)
Ca total, mmol/L / Ca 06w., mmoav/ 1
Coomm /e A5 .55 2.72 2.84 2.88 2.49 2.72
Ca adj., mmol/L / Anvbymun-cxopp. Ca, mmonv/ 1
(norm / wopma: 2,15—2,55) - 2| A - 2ol
P, mmol/L / P, mmorv/ 1
(aomm /. nopma: 0,74—1,52) 0.67 0.71 0.69 - 0.81
Vitamin D, ng/mL / Bumanuu D, nue/mn 12.79 B 2% . _
(norm / nopma: > 30) )
ALP, U/L / lI[®D, EJ./ 2 .
(norm / nopma: 40—150) S5 26 2 250
GFR CKD-EPI, mL/min/1,73 m?
pCK® no CKD-EPI, ma/mun/1,73 » 80 57 69 - 73
Daily urine Ca, mmol/day / Ca cym. mouu, mmons,/ cym _ _ 6.3 _ 17
(norm / nopma: 2,5—8) : )
Note: PTH — parathyroid hormone; Ca total — total calcium; Ca adj. — albumin-adjusted serum calcium; P — phosphorus;

ALP — alkaline phosphatase; Daily urine Ca — daily urine calcium.
Hpumeuanue: I[ITT — naparropmon; Ca o611, — Kambiuii o6muii; ars6yMuH-cKopp. Ca — aabOyMUH-CKOPPEKTHPOBAHHDII Kalb-
unit; P — docdop; D — menounas docdaraza; Ca cyT. Moun — KaJbLuil CyTOYHOH MOYN.
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Table 2. Results of DEXA of the lumbar spine, femur and radius of Patient L. during the observation period
Tabauua 2. Pesyabratst DEXA nosicHu4HOro oriesia o3BOHOYHHUKA, OeIPEHHON U JIy4eBOU KOCTei
naruerTku JI. 3a nepuoj HaGIOAeHUS

Region / Omaden BMD, SD T-score / MIIK, SD no T-xkpumepuio

; — — —35.2

L, — — —6.1

L, — — 5.5

L, — — —5.6

L-L, —4.5 —35.5 —5.6

Femur neck / Iletixa 6edpa —3.6 —3.8 —4.0
Femur total / Bedpo 6 yesom —3.7 —4.0 —4.1
Radius 33 % / Jlyuesas xocmov 33 % — —5.3 —5.4
Radius total / Jlyuesas xocmv 6 yesom — —6.5 —6.4

(norm: 70—140), INR — 0.87 (norm: 0.9—1.2),
fibrinogen — 3.15 g¢/L (norm: 2—4).

Surgery was performed in September 2021.
During the isolation of the right superior parathy-
roid gland, the absence of signal from the right
recurrent laryngeal nerve was noted, while visu-
al confirmation of its integrity was maintained;
thus, selective parathyroidectomy was performed.
Postoperatively, serum PTH concentration de-
creased from 115.5 to 57.9 pg/mL resulting in nor-
mocalcemia. Histological examination reported
an atypical tumor of the right superior parathy-
roid gland (pTis, WHO 2017). Postoperatively,
colecalciferol was initiated at a dosage
of 1000 IU /day.

Due to the non-radical surgical treatment, the
patient had persistence of PHPT (Table 1). A dy-
namic evaluation of the disease complications se-
verity confirmed the progressive decrease in BMD
(Table 2) and an increase in both number and size
of renal stones. Imaging studies indicated that the
right inferior and left superior and inferior para-
thyroid glands persisted.

The clinical diagnosis at the discharge:

- Primary disease: Primary hyperparathyroid-
ism, symptomatic form, the relapse after removal
of an atypical adenoma of the right superior para-
thyroid gland. Right inferior, left superior and in-
ferior parathyroid lesions.

- Background disease: Liver cirrhosis of HCV
etiology, Child — Pugh Class A (5 points). Portal
hypertension: portosystemic shunts, esophageal
varices 1. Endoscopic ligation in 2021. Portal vein
thrombosis.

- Complications of underlying disease: Bilateral
nephrolithiasis. Severe osteoporosis of mixed eti-
ology with compression fractures of the LI-III
vertebrae, with a maximum decrease in BMD in
the radius up to —7.1 SD (T score).

Associated diseases: Left-sided multinod-
ular euthyroid goiter (total thyroid volume —
9.5 cm?). Mild iron deficiency anemia. Vitamin D

insufficiency. Multiple renal cysts. Chronic kid-
ney disease C2.

Repeated surgical treatment was recommend-
ed. However, the patient developed acute obstruc-
tive pyelonephritis during her next hospitalization
due to right ureter obstruction. After undergoing
urethrocystoscopy in the urology department, the
patient suffered a low-energy fracture of the left
femur. She was then transferred to the trauma
department. Following orthopedic treatment and
considering the necessary rehabilitation time, it
was recommended that she resume antiresorptive
therapy. Unfortunately, after her discharge from
the hospital, communication with the patient was
lost, and her relatives later reported her death
(the cause could not be clarified).

Clinical Case 2

Patient O., 47-years-old female, underwent
orthotopic liver transplantation in 2007 due to
Budd — Chiari syndrome, which resulted in the
development of cirrhosis. Since the transplant,
she has been on immunosuppressive therapy (cy-
closporine 200 mg/day), and graft function has
remained satisfactory. Data on her BMD were
unavailable prior to the liver transplantation and
continued until 2019.

In November 2019, an examination for bone
pain revealed elevated serum PTH concentra-
tion, hypercalcemia, and vitamin D deficiency
(Table 3).

In March 2020, the patient was first admit-
ted to the Department of Parathyroid Glands
Pathology and Disorders of mineral metabolism
at the National Medical Research Center for
Endocrinology. An increase in serum PTH con-
centration with normal calcium levels and hy-
pocalciuria was found, against a background of
preserved renal function (Table 3). Secondary
hyperparathyroidism was suspected. To assist
with differential diagnosis, alfacalcidol 1 pg/day
was initiated. On the fifth day of administration,
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Table 3. Laboratory parameters of Patient O. during the observation period
Ta6auua 3. JlaGopatophblie nmokaszatesn mamueHTkn O. 3a mepno HaOJIoAeHNS

Before parathyroidectomy After par?It(l;zr;(:dectomy
Parameter / Ilapamemp e e napamupeoudaxmomuu
11.2019 | 03.2020 | 03.2021 | 10.2021 | 12.2021 | 09.2023

PTH, pg/mL / IITT, ne/nx 187.9 | 4902 | 2253 | 1108 185 190.2
(norm / nopma: 15—65)
Ca total, mmol/L / Ca o6w., mmonv/ 1
(aomm / opma: 2,15-2,55) 2.76 2.55 2.58 2.41 2.46 2.73
Ca adj., mmol/L / Ambymun-cxopp. Ca,
MMOSL/ Tl — 2.51 2.58 — — 2.64
(norm / nopma: 2,15—2,55)
P, mmol/L / P, mmoav/ 1
(norm / wopma: 0,74—1,52) - 1119 103 - - 102
Vitamin D, ng/mL / Bumamun D, nz/mn 18.9 _ _ _ 30 43.4
(norm / nopma: > 30) ‘ )
ALP, U/L / II[®D, EO./n
(norm / nopma: 40—150) B 22 i B B B
GFR CKD-EPI, mL/min/1,73 m? B 105 97 . B 88
pCK®D no CKD-EPI, mn/mun/1,73 »m’
Daily urine Ca, mmol/day / Ca cym. mouu,
MMOT/ CYm — 1.37 4.4 — — 3.8
(norm / nopma: 2,5—8)
Note: PTH — parathyroid hormone; Ca total — total calcium; Ca adj. — albumin-adjusted serum calcium; P — phosphorus;
ALP — alkaline phosphatase; Daily urine Ca — daily urine calcium.
ITpumeuanue: 11ITI — naparropmon; Ca o6ur. — Kaubiyii o6muit; aapbGyMuH-ckopp. Ca — anbOyMUH-CKOPPEKTUPOBAHHBII KaJlb-

uuit; P — docdop; 1D — menounas docdaraza; Ca cyT. Mouu — KaJbLuil CYyTOYHOI MOYN.

a decrease in PTH concentration to 316.1 pg/mL
was noted, while maintaining normocalcemia (al-
bumin-corrected calcium — 2.54 mmol/L). It was
recommended that the test be continued for up to
one month; however, after discharge, the patient
took the medication irregularly. In March 2021,
elevated PTH levels, moderate hypercalcemia,
and hypocalciuria were observed (Table 3). The cal-
culated calcium/creatinine clearance ratio was 0.01.
Taking into account persistent hypocalciuria with
preserved eGFR, CASR gene sequencing was per-
formed to exclude familial hypocalciuric hypercalce-
mia — no pathogenic, likely pathogenic, or variants
of unknown clinical significance were identified,
thus the condition was diagnosed as PHPT.

DEXA scan revealed osteoporosis in the lumbar
spine, femoral neck, and distal radius (Table 4).
X-ray of the thoracic and lumbar spine showed no
signs of vertebral compression fractures, and renal
ultrasound indicated bilateral micronephrolithiasis.

Imaging studies (ultrasound and contrast-en-
hanced computed tomography) revealed a left su-
perior parathyroid neoplasm (1.8 x 1.0 x 0.6 cm).

Liver function tests showed no clinically sig-
nificant abnormalities: AST — 33 U/L (norm:
5-34), ALT — 25 U/L (norm: 0—55), total bili-
rubin — 6.9 umol /L (norm: 3.4—20.5), total pro-
tein — 70 ¢/L (norm: 64—83), albumin — 42 g/L
(norm: 35—50).

In September 2021, the left superior parathy-
roid gland was surgically removed. On the first
postoperative day, PTH levels decreased from
157.7 to 110.8 pg/mL, and normocalcemia was
observed. Histological examination confirmed the
presence of the parathyroid adenoma. However,
complete normalization of PTH levels was not
achieved in the postoperative period.

In December 2022, alfacalcidol 1 ug/day was
resumed, followed by dose titration, against which
the increase in PTH concentration with normocal-
cemia persisted. The subsequent increase in alfa-
calcidol dose to 2 pg/day was associated with hy-
percalcemia with preserved hyperparathyroidism
(Table 3), confirming the relapse of PHPT. DEXA
data (Table 4) showed negative BMD dynamics
in the lumbar spine and in the proximal part of
the left femur. Imaging methods (ultrasound and
contrast-enhanced computed tomography) con-
firmed the presence of a left inferior parathyroid
mass (1.2 x 1.0 x 0.5 cm). In addition, according
to the computed tomography data, another mass
1.0 x 0.6 x 0.5 cm was visualised paratracheally
along the inferior contour of the left thyroid lobe.

Given the confirmed recurrence of PHPT, mul-
tiple parathyroid glands neoplasms, and the rela-
tively young age of the patient at the time of dis-
ease manifestation, a hereditary origin of PHPT was
suspected. No clinical data characteristic of MEN1
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Table 4. Results of DEXA of the lumbar spine, femur and radius of Patient O. during the obser-

vation period

Ta6.auua 4. Pesynpratel DEXA T0sSICHIYHOTO OT/lesia TO3BOHOYHNKA, GeJPEHHON W JTy4eBOil KocTeit

narmenTku O. 3a Tepwo HabI0Ie s

Region / Omaden BMD, SD T-score / MITK, SD no T-kxpumepuio
L 3.4 2.3 —3.1
L, —4.0 2.7 3.3
L, 3.5 —2.2 3.4
L, 3.9 —3.0 —4.0
L-L, 3.7 2.5 (+18.2 %) 3.4 (—12.3 %)
Femur neck / Ileiixa 6edpa -2.5 -2.0 —2.3(—6.2 %)
Femur total / Bedpo 6 yenon -2.3 —1.9 (+9.8 %) -2.3
Radius 33 % / Jlyuesas xocmo 33 % —4.3 —4.2 -3.9
Radius total / JTyuesas xocmv 6 yeaon —4.8 —4.6 (+2.2 %) —4.6 (+3.7 %)

syndrome were found. In addition, sequencing of
the MEN1 gene and examination of blood relatives
were recommended — these recommendations were
not followed.

In February 2024, a left inferior parathy-
roid neoplasm was surgically removed; histo-
logical examination showed diffuse hyperpla-
sia. Postoperatively, PTH decreased from 454 to
175.7 pg/mL and normocalcemia was observed.

The clinical diagnosis at the discharge:

- Primary disease: Primary hyperparathyroid-
ism, symptomatic form, remission following the
removal of left superior and inferior parathyroid
gland adenomas.

- Background disease: Orthotopic liver trans-
plantation for cirrhosis secondary to Budd —
Chiari syndrome in 2007.

- Complications of primary disease: Osteoporosis
of mixed etiology with maximal decrease in BMD
in radius up to -4.6 SD (T score).

- Associated diseases: Primary hypothyroidism
resulting from autoimmune thyroiditis, medically
compensated. Combined thrombophilia (hereditary
and acquired: antiphospholipid syndrome with cir-
culating lupus anticoagulant). Mild iron deficiency
anemia. Premature ovarian failure. Secondary amen-
orrhoea. Mild climacteric syndrome. Cysts of both
kidneys. Chronic kidney disease C2.

Discussion

We analysed two cases of severe PHPT: one pa-
tient with liver cirrhosis and another who under-
went liver transplantation. A notable feature of
these cases is the significant decrease in BMD across
all examined sites, as well as the presence of multi-
ple low-energy fractures in the first patient.

Bone disease in PHPT is characterised by a de-
crease in BMD, predominantly affecting cortical

bone [10]. Consequently, the most pronounced
changes observed on DEXA scans are usually in
the distal radius. However, in the cases presented,
we observed a pronounced and relatively uniform
decrease in BMD in all examined sites, including
the spine, which primarily comprises trabecular
bone. We believe this may be due to the combined
effects of PHPT and liver disease.

Patients with liver cirrhosis have lower BMD
values in the lumbar spine compared to those in the
femoral neck [11, 12], suggesting a differential im-
pact on cortical and trabecular bone lesions. Most
studies investigating osteoporosis in patients with
chronic liver disease, including liver cirrhosis, fo-
cused on BMD in the lumbar spine and proximal
femur, while data regarding BMD in the distal radi-
us remain limited. Available data suggest no signifi-
cant decrease in BMD in the radius among patients
with chronic liver disease and liver cirrhosis [13].

The mechanisms underlying the development of
osteoporosis in patients with chronic liver disease
are complex and not fully understood. Proposed
factors include reduced levels of insulin-like growth
factor-1, fibronectin, sex hormones and sex hor-
mone-binding globulin, all of which arise from im-
paired synthetic liver function. Under the influence
of hormones involved in bone metabolism, the liver
normally produces various cytokines (e.g., IL6 in re-
sponse to the action of PTH). The spectrum and con-
centrations of these cytokines are altered in chronic
liver disease, particularly in cases of chronic viral
hepatitis [5]. Furthermore, patients with metabol-
ic syndrome and conditions like MASLD are more
likely to have impaired bone metabolism, where
insulin resistance and systemic inflammation play
significant pathogenetic roles [14]. An imbalance in
the RANKL-RANK-OPG system, a critical regula-
tor of bone homeostasis, has also been implicated
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in the development of osteoporosis in patients with
chronic liver disease [15].

A significant concern is the progressive decrease in
BMD due to high bone turnover observed soon after
liver transplantation [16], especially in the context of
immunosuppressive therapy, including glucocorticoids.
Given the high incidence of osteoporosis in chronic
liver disease patients, it is possible that maintaining
optimal bone metabolism in these individuals requires
different blood concentrations of PTH, calcium, phos-
phorus, and various vitamin D metabolites compared
to the general population. This hypothesis necessitates
further investigation. In the second case described, the
patient did not undergo evaluation for bone pathology
before or after liver transplantation until 2019, which
hinders our ability to assess the age of these changes or
the influence of specific factors.

The multiple lesions of the parathyroid glands
observed in our patients are noteworthy. The first
clinical case is remarkable for the development of
lesions of all four parathyroid glands in a woman
with a long history of chronic viral hepatitis C.
Notably, hyperparathyroidism persisted even after
the selective removal of the largest lesion, which
was identified as an atypical adenoma. In the sec-
ond patient, the recurrence of hyperparathyroid-
ism one year after the surgery also suggested the
presence of multiple lesions of the parathyroid
glands. Such polyglandular lesions may indicate
a hereditary basis for the condition. Although the
patients were clinically assessed for multiple en-
docrine neoplasia type 1 (MEN1) syndrome, the
recommendation for MENT gene sequencing in
the second case — due to the relatively young
age of onset and the multiple lesions — was not
followed for various reasons. However, the absence
of clinical and laboratory signs indicative of other
components of MEN1 syndrome, along with a lack
of family history, supports the notion of a sporadic
nature of the disease.

Multiple lesions in the parathyroid glands are also
frequently observed in patients with secondary hyper-
parathyroidism who have a long history of chronic
kidney disease (CKD); in such cases, the development
of hyperparathyroidism is largely attributed to the dis-
ruption of the final step of vitamin D activation. The
liver plays a significant role in vitamin D metabolism,
facilitating hydroxylation to form 25-hydroxyvitamin
D (the primary circulating form) and synthesizing car-
rier proteins like albumin and vitamin D-binding pro-
tein. Therefore, a combination of primary and second-
ary hyperparathyroidism can be expected in patients
with chronic liver disease.

The role of vitamin D in the regulation of the
“PTH — calcium” axis in patients with chronic liver
disease remains poorly understood, and studies thus
far have yielded conflicting results. Many studies

indicate a high prevalence of vitamin D deficiency
among patients with chronic liver disease, particu-
larly liver cirrhosis, where an inverse relationship
between vitamin D levels and disease severity, as
measured by the Child — Pugh scale, has been
reported [17]. Potential mechanisms for reduced
25-OH vitamin D concentrations in this population
include decreased exposure to exogenous vitamin D
sources (sunlight, diet), intestinal malabsorption of di-
etary vitamin D, decreased endogenous production of
vitamin D-binding protein and albumin, and impaired
hydroxylation of colecalciferol in the liver [3].

Given these observations, hypocalcemia and se-
condary hyperparathyroidism would be expected in
patientswith chronicliverdisease. However, astudy by
K. Narayanasamy et al. involving 236 patients found
that the median 25-OH vitamin D concentration was
23 ng/mL (norm: 15—35), albumin-adjusted calci-
um was 1.9 mmol/L (norm: 1.5—2.1), and PTH was
21 pg/mL (norm: 13—31), findings which are incon-
sistent with the classical understanding of secondary
hyperparathyroidism pathogenesis [18]. Similarly,
A. Miroliaee et al. reported a low prevalence of
secondary hyperparathyroidism (6.7 %) among pa-
tients with 25-OH vitamin D deficiency in chronic
liver disease [19]. Other studies have echoed these
findings [17, 20]. Due to the low incidence of se-
condary hyperparathyroidism, structural changes
of the parathyroid glands were not evaluated in
the presented studies.

The relatively low incidence of hyperparathyroid-
ism (including hypocalcemia) reported in these stud-
ies may stem from methodological limitations, such
as small sample sizes and the use of means (rath-
er than medians) in group comparisons. Analytical
errors could also play a role, alongside disturbanc-
es in the synthesis of PTH, albumin, and vitamin
D-binding protein due to impaired liver function.
Furthermore, alterations in the half-life of the PTH
molecule in the bloodstream during chronic liver
disease may contribute to these outcomes [20]. It is
also plausible that changes akin to secondary hyper-
parathyroidism seen in CKD may not manifest until
the later stages of chronic liver disease, resulting
in many patients undergoing liver transplantation
before these changes develop. Nevertheless, these
hypotheses warrant further investigation.

Conclusion

Abnormalities of mineral and bone metabo-
lism present a significant yet poorly understood
challenge in patients with chronic liver disease.
Further studies are essential to develop targeted
therapeutic approaches for this patients’ popula-
tion and to prevent the onset of late, disabling
complications.
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