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Title of the doctoral dissertation:

CLINICAL INDICATORS OF BONE DETERIORATION IN ALCOHOLIC LIVER CIRRHOSIS AND
CHRONIC ALCOHOLISM WITHOUT CIRRHOSIS

Summary

Background. Although previous studies presented that chronic liver diseases (CLD) as
well as excessive alcohol consumption lead to an increased prevalence of osteoporosis and
pathological fractures due to disturbances in the bone formation and resorption balance,
understanding bone fragility determinants is still modest in these individuals.

The aim of our study was to use a comprehensive method for clinical fracture risk
assessment in patients with alcoholic liver cirrhosis (ALC), as well as patients with chronic
alcohol abuse (CAA), without cirrhosis who have not previosly had femoral or vertebral
fractures.

Material and methods. We analyzed the inter-group differences in laboratory analyses,
osteodensitometry parameters of lumbar vertebrae, osteodensitometry and bone geometry
parameters of different regions of proximal femora, as well as distinct in the concentration of
specific bone markers between adult male patients with ALC (n=48), patients with CAA
without liver cirrhosis (n=73) and healthy age- and sex-matched controls (n=51).

Results. Osteodensitometry confirms a statistically significant lower bone mineral
density (BMD) in the intertrochanteric region of patients with ALC and CAA. The geometric
parameters of the proximal femora after adjusting for body mass indeks (BMI) in patients
with ALC verify the worse findings for endocortical diameter (ED) and cross-sectional area
(CSA) of the femoral shaft. Also, comparison of CAA and control group showed that the most
sensitive part of the femur was the shaft of patients who consume alcohol excessively. In
comparison to ALC and control group, we verified significantly lower results in periosteal
diameter (PD), CSA, moment of inertia on the cross-section (CSMI) and section modulus (SM)
in CAA group, which all together makes the bone more fragile. The Fracture Risk Assessment
Tool (FRAX) score risk of major osteoporosis-related fractures, as well as hip fractures, was
clearly higher in both study groups. Lumbar spine T score was significantly lower in patients
with ALC. It is particularly significant that the microarchitecture of the bone was the most
damaged in patients with ALC. Significantly higher beta-C-terminal telopeptide ($-CTX) and
osteoprotegerin (OPG) values were recorded in patients with ALC, while insulin-like growth
factor 1 (IGF-1) and the receptor activator of nuclear factor kappa beta ligand (RANKL)/OPG
ratio were decreased. At CAA, only a reduced RANKL/OPG ratio was verified.

Conclusion. The results of our study confirm that in patients with ALC and people who
consume alcohol excessively, bone changes are presented even before pathological fractures
occur. Decreased values of intertrochanteric BMD, and especially trabecular bone score (TBS)
in patients with ALC indicate that these are potential places where pathological fractures
could occur. In order to timely diagnose bone changes and prevent the occurrence of fractures,
examination of bone metabolism is necessary in all patients with ALC, as well as those who
consume alcohol excessively.

Keywords. Alcoholic liver cirrhosis, chronic alcohol abuse, Clinical fracture risk
assessment, Osteoporosis, Osteodensitometry, Hip Structure Analisys, Bone turnover
biomarkers.

Scientific field: Medicine
Specific scientific field: Skeletal biology
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KLINICKI POKAZATELJI PROPADANJA KOSTANOG TKIVA U ALKOHOLNO] CIROZI JETRE I
HRONICNOM ALKOHOLIZMU BEZ CIROZE

Sazetak

Uvod. lako su prethodne studije pokazale da hronicne bolesti jetre, kao i prekomerna
konzumacija alkohola dovode do povecane prevalencije osteoporoze i patoloSkih fraktura
zbog poremecaja ravnoteZe u formiranju i resorpciji kostiju, razumevanje determinanti
fragilnosti kod ovih osoba je joS uvek oskudno.

Cilj naSeg istrazivanja bilo je sveobuhvatno ispitivanje promena na kostima koje nastaju
kod bolesnika sa alkoholnom cirozom jetre (ALC), kao i bolesnika sa hroni¢nom zloupotrebom
alkohola bez ciroze (CAA), koji prethodno nisu imali prelome butne kosti i/ili prsljenova.

Materijal i metode. Analizirali smo inter-grupne razlike u laboratorijskim analizama,
parametrima osteodenzitometrije lumbalnih prsljenova, parametrima osteodenzitometrije i
geometrije razliCitih regija proksimalnog okrajka femura, kao i razlike u koncentraciji
specificnih koStanih markera izmedu odraslih muskaraca sa ALC (n=48), CAA bez ciroze jetre
(n=73) i zdravih muskaraca odgovarajuce starosne dobi (n=51).

Rezultati. Osteodenzitometrija potvrduje statisticki znaCajno nizu vrednost BMD u
intertrohanterecnoj regiji bolesnika sa ALC i CAA. Geometrijski parametri proksimalnog
femura nakon prilagodavanja za indeks telesne mase (BMI), potvrduju loSije nalaze kod
bolesnika sa ALC za endokortikalni dijametar (ED) i indeks otpora na kompresivno
opterecenje (cross-sectional area — CSA). Uporedivanjem CAA i kontrolne grupe dokazano je da
su znacajno niZe vrednosti periostealnog dijametra (PD), CSA, momenta inercije na
poprecnom preseku (moment of inertia on the cross-section - CSMI) i otpornog momenta na
savijanje (section modulus - SM) u CAA grupi, Sto sve zajedno Cini kost fragilnijom. The
Fracture Risk Assessment Tool (FRAX) skor kojim se procenjuje rizik za prelome povezane sa
osteoporozom bio je jasno veci u obe ispitivane grupe. T skor lumbalne ki¢me bio je znacajno
nizi kod bolesnika sa ALC. Posebno je znacajan rezultat da je kod bolesnika sa ALC veoma
oStecena mikroarhitektura kosti. Kod bolesnika sa ALC zabeleZene su znacajno viSe vrednosti
beta-C-terminalnog telopeptida (-CTX) i osteoprotegerina (OPG), dok su insulin stimuliSuci
faktor rasta (IGF-1) i odnos receptor activator nuklearnog faktora kapa beta liganda
(RANKL)/OPG bili snizeni. U CAA je potvrden samo smanjen odnos RANKL/OPG.

Zakljucak. Rezultati naSeg istrazivanja potvrduju da se kod bolesnika sa ALC i osoba
koje prekomerno konzumiraju alkohol, promene na kostima javljaju pre nego Sto nastanu
patoloski prelomi. SniZene vrednosti intertrohantericne BMD, a posebno trabecular bone
score-a (TBS) kod naSih bolesnika sa ALC ukazuju da su to potencijalna mesta fraktura. Kako
bi se pravovremeno dijagnostikovale koStane promene i sprecio nastanak preloma, potrebno
je ispitati koStani metabolizam kod svih bolesnika sa ALC, kao i onih koji prekomerno
konzumiraju alkohol.

Kljucne rijeci. Alkoholna ciroza jetre, hronicna zloupotreba alkohola, klinicka procena
rizika preloma, osteoporoza, osteodenzitometrija, strukturna analiza kuka, koStani
biomarkeri.
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1. INTRODUCTION
1.1.  Alcohol use disorder

Alcohol use disorder (AUD) is an impaired ability to stop or control alcohol use, despite
negative social, occupational, or health consequences (1). The presence and severity of the disorder
can be determined based on the symptoms defined in the Diagnostic and Statistical Manual of
Mental Disorders (1). Depending on the presence of any of the 11 defined criteria, alcohol abuse
disorder can be classified as mild (2-3 criteria), moderate (4-5 criteria) and severe (6 or more
criteria). Binge drinking and frequent heavy alcohol use increase the risk of developing alcoholism.
National Institute on Alcohol Abuse and Alcoholism (NIAAA) defines binge drinking as a pattern
of drinking enough alcohol to reach a blood concentration of 0.08% (0.08 g/dL), which is an
average of 4 — 5 alcoholic drinks consumed in 2 hours (1). On the other hand NIAAA defines heavy
alcohol use for men as drinking 5 or more alcoholic drinks on any day or 15 or more during the
week, and for women 4 or more alcoholic drinks on any day or 8 or more during the week (1). The
amount of alcohol (ethanol) in the definition of a standard drink varies, so in Great Britain it is only
8 g, while it is the highest in Austria where it is 20 g. In Serbia, a standard drink has 13 g of ethanol,
which represents about 350 ml of 5% beer or 150 ml of wine that contains 12% alcohol (2).
According to recent data, 2.4 billion people (1.5 billion men and 900 million women) worldwide
consume alcohol, of which almost 40% have episodes of excessive consumption, which globally
represents the third leading cause of premature mortality, with over 3 million deaths, predominantly
in the population between 15 and 49 years (3,4). Excessive alcohol consumption can be linked to
more than 200 different diseases, and in addition to poor health, it also has a harmful effect on
personal and social development (5). AUD affects 75 million people worldwide according to the
World Health Organization (WHO) (6). In the population older than 15 years, the average
consumption of alcohol in 2010 was 6.2 liters, and in the countries of Eastern Europe it was even up
to 15 liters. On the other hand, the highest percentage of 15 — 19 year olds who drink heavily was
highest in the countries of Western Europe (Germany, France and the Netherlands). Of particular
concern is the fact that 5.9% of global mortality is linked to alcohol consumption (6). Alcoholism is
one of the main addictive diseases and is one of the leading causes of death in the population under
20 years of age. In addition, the harmful impact on work ability and the economy is very
pronounced and it is best illustrated by data from 2012, when it was estimated that there were 139
million disability-adjusted life years (DALYs) or 5.1% of the global burden of disease and injury
associated with excessive alcohol consumption (7). AUD is associated with adverse effects on
almost all organ systems, including the cardiovascular and central nervous system, gastrointestinal
tract, pancreas, liver, and skeleton (8,9).

1.2.  Liver cirrhosis

Liver cirrhosis represents a series of irreversible changes in the liver parenchyma that
occurred as a result of remodeling and replacement of liver tissue with fibrotic interconnected septa.
The described changes lead to the formation of nodules and altered vascularization, resulting in the
development of portal hypertension (10). Numerous etiological factors lead to the liver cirrhosis,
and the most common are: alcohol, non-alcoholic steatohepatitis (NASH), viral hepatitis, and
autoimmune diseases (11).

Liver cirrhosis with its many complications causes more than 2 million deaths annually
worldwide (12,13). In 2000, mortality from liver cirrhosis and hepatocellular carcinoma (HCC), as
its most serious complications, was the 13th and 20th leading cause of death, respectively (12).
Over the past 20 years, there has been an increase in the number of patients, and in 2020, HCC was
in the 6th place of morbidity and even the third place of mortality among all malignant diseases.
The European Association for the Study of the Liver (EASL) predicts that by 2040 the number of
people suffering from and dying from liver cancer will increase by 55% is particularly worrying
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(14,15). Also, the high economic impact and poor quality of life of these patients should not be
ignored (16).

Apart from HCC, the most common complications of liver cirrhosis that could be life-
threatening are: portal hypertension, ascites, variceal bleeding, hepatic encephalopathy and
hepatorenal syndrome (17,18). Besides previously mentioned complications, liver disease is
associated with skeletal changes previously defined as hepatic osteodystrophy. However, as hepatic
osteodystrophy implies the presence of osteopenia, osteoporosis and osteomalacia, while
osteomalacia is very rarely seen in patients with liver disease, except in isolated cases of advanced
cholestasis and severe malabsorption in areas with limited exposure to sunlight, the term has been
suppressed (19,20).

1.3.  Osteoporosis — definition and epidemiology

During the last few decades we have witnessed a dramatic increase in the number of people
with hip fractures all over the world. Due to changes in lifestyle, it is estimated that the number of
hip fractures will increase from 1.3 — 1.7 million in 1990 to around 3 million by 2025 (21). It is
known that the risk of hip fracture increases with age. In the age group of 50 — 59 years a 2.9%
individuals have 10-years risk > 20%, while in those older than 80 years a 10-y risk > 20% rises to
27.4% (22). Bone fractures, especially in the elderly population, significantly affect the quality of
life, reduce mobility, lead to more hospitalizations and increase the risk of death (23). Therefore,
bone fragility has been increasingly investigated in recent years. There are many factors that
contribute to the fragility of skeleton and therefore lead to the occurrence of fractures after on low
impact force. Although there is a large number of contraversal data in the literature, today it is
definitively established that the strength of bone tissue depends on both the quantity (the bone
density and geometry) and quality (characteristics of microarchitecture, the degree of remodeling,
the accumulation of microfractures, the degree of mineralization and the connections of collagen
chains) of bones (24).

One of the main contributor of bone fragility is osteoporosis (25). It is estimated that more
than 200 million people worldwide have osteoporosis, but even more worrying is the low quality of
life of these patients, which results in more than 5 million DALY's globally per year (26). The main
characteristics of osteoporosis are loss of bone mass and deterioration of bone microarchitecture
(27). The gold standard for diagnosing and assessing the severity of osteoporosis is dual-energy X-
ray absorptiometry (DEXA) (27). As life expectancy increases, osteoporosis and the consequent risk
of pathological fractures become a major public health problem (28). Genetic predisposition
combined with environmental factors are the main risk for osteoporosis (29). This implies low
physical activity, alcohol consumption, weight loss and numerous other factors (30). In order to
reduce the number of pathological fractions as much as possible, it is necessary to promptly identify
and act preventively on all potential risk factors (31).



Figure 1. Schematic presentation of risk factors for osteoporosis (30).

Decreased bone mineral density (BMD) is golden standard for diagnostic of osteoporosis
(32). After osteodensitometry, the diagnosis is made based on the WHO definition, when BMD is
less than —2.5 standard deviations (SD) below the peak value obtained from normal adults and
adjusted for gender (T-score < —2.5 in postmenopausal women, or Z-score < —2 in men less than 50
years old and premenopausal women) (33,34). Previously, it is necessary to exclude other reasons
that would lead to changes in the bones, such as osteomalacia, extra-skeletal calcifications,
osteophytes or calluses or other changes that occurred as a result of previous injuries (34,35). When
the T score is reduced, but does not meet the criteria for osteoporosis and it is between —1 and —2.5,
then we can conclude that the patient has osteopenia (33,34).

If osteoporosis is a consequence of aging or occurs in postmenopausal women, it is
classified as primary, while secondary osteoporosis is characterized by the presence of another
known risk factor, such as the liver cirrhosis, use of drugs (corticosteroid therapy) or alcohol, or it is
idiopathic if it leads to a decrease in BMD and consequent bone fractures occurs in young adults
without known cause (36).

Of particular concern is the fact that 40 — 60% of people diagnosed with osteoporosis
actually have secondary osteoporosis. Premenopausal women, as well as younger men, are shown
more often osteoporosis (37).

There are numerous comorbidities that can increase the risk of developing secondary
osteoporosis and bone fragility: endocrinological disorders (hyperparathyroidism, hypercalciuria,
Cushing syndrome, hypogonadism, hyperthyroidism, diabetes mellitus), malignant diseases,
medications, liver diseases, especially cholestatic type, as well as lifestyle factors including alcohol,
smoking and a sedentary lifestyle (36,37).

Although BMD is officially recommended by the WHO as the main parameter for the
diagnosis of osteoporosis, pathological fractures can not be explained only by determining BMD. It
is clear that bone fragility is influenced by several parameters and that their mutual interaction
determines bone strength (38,39). If we know that only one third of all non-traumatic fractures are
associated with reduced BMD, we can conclude that BMD has a limited ability to assess the risk of
bone strength and fragility and that the application of other fracture risk factors is necessary (40,41).

The basis of a healthy skeleton is adequate bone remodeling, and when there is an imbalance
in the function of osteoblasts and osteoclasts, there is a loss of quantity and a decrease in the quality
of bone tissue (27,42). Microscopically, there are about one million sites where bone remodeling
takes place called bone remodeling units (BRU) (42,43). This mechanism is tightly controlled by
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different molecules and signaling pathways (44). When there is a disturbance in the regulation of
this complex mechanism, in terms of increased resorption and inadequate bone formation, the
osteoporosis process progresses (27,45). When bone is formed, a number of osteoblasts undergo
apoptosis, while the rest differentiate into osteocytes or cells that line bones and survive for a long
period (27,46). The main regulatory role in further remodeling is played by osteocytes. Depending
on the bone's exposure to mechanical stress, osteocytes determine the number of osteoclasts and
resorption, while on the other hand they control bone formation by modifying osteoblast-induced
bone mineralization (27,33,34).

Bone microarchitecture is a very important parameter that determines bone strength and
fragility (47). Initially, the microarchitecture is examined by bone biopsy and pathohistological
analysis (48). However, with the discovery of the trabecular bone score (TBS), which is determined
on the basis of previously performed osteodensitometry of the lumbar spine, a very reliable non-
invasive score was obtained for the assessment of bone microarchitecture. Furthermore, TBS
correlates well with three-dimensional parameters of bone microarchitecture such as the trabecular
number, trabecular separation, connective density, and structure model index (48,49). What is even
more important is that TBS, independently of BMD, can be used as a predictive parameter for the
occurrence of pathological fractures (50).

1.4.  Pathophysiological mechanisms of alcohol induced osteoporosis

Alcohol has been recognized as an independent risk factor for the onset and development of
osteoporosis (51). It was found that 30% of people who consume alcohol excessively have
osteoporosis, and in 36% of them pathological fractures of the vertebrae are verified radiologically
(52). However, after the establishment of two years stable abstinence, there is an increase in the
level of osteocalcin in the serum, as a marker of bone formation, along with the increase and
recovery of BMD (53). Numerous studies have confirmed that excessive alcohol consumption has a
harmful effect on bones, however, data on the potential benefit of light to moderate alcohol
consumption is still controversial (54). According to the official American Dietary Guidelines, the
permissible amount of alcohol is up to 2 drinks for men and one for women, on days when alcohol
is consumed (55). In addition to the amount of alcohol, the sort of alcoholic beverage is also
important, so it has been proven that with light to moderate consumption of beer there is an
improvement in BMD in pre- and postmenopausal women (56), while another study showed that
light consumption of alcohol, especially wine improved lumbar spine bone mass (57). The real
challenge remains precisely defining what amount of alcohol has a benefit on bones, and when it
begins to manifest a harmful effect. Most studies set that limit at 2 — 3 standard alcoholic drinks,
which represents an average of 20 — 30 g of ethanol (58). However, a study conducted in Japan
showed that men who consumed up to 55 g of ethanol per day had better BMD compared to those
who consumed more (59).

Chronic excessive alcohol consumption leads to numerous changes in the body. Alcohol has
a toxic effect on almost all organ systems, including a direct or indirect harmful effect on the
skeleton. In people who consume alcohol excessively, a reduced concentration of calcium in the
serum has been proven, as a result of reduced absorption from the digestive tract, and also a reduced
level of testosterone, a hormone that has a stimulating effect on osteoblasts (60,61). Special
attention is paid to the influence of increased levels of proinflammatory cytokines that could
regulate osteoclastogenesis and adipocyte differentiation (62).

Studies conducted on animal models also confirm the harmful effects of alcohol on bones. It
was found that alcohol administration for 4 months in interleukin (IL)-6 gene-knockout mice can
induce the production of IL-6 in wild-type mice with reduced osteoblast function (63). In addition,
receptor activator of nuclear factor kappa-B ligand (RANKL) messenger ribonucleic acid (mRNA)
was verified only in bone marrow cultures of the wild-type mice, concluding that alcohol-induced
IL-6 and RANKL affect osteoblast function and osteoclastogenesis, which may lead to reduced
bone turnover (64).



Alcohol manifest a direct toxic effect on osteoblasts and osteoclasts (65). However, there are
numerous other, indirect ways in which alcohol can have a harmful effect on bones. First of all,
there are changes in the activation of Wingless-related integration site (Wnt) and the mammalian
target of rapamycin (mTOR) signaling pathways, and then metabolic disorders in the form of
hormonal status disturbances (66), the inability of the parathyroid gland to respond adequately to
reduced vitamin D levels (67,68), disturbed growth hormone (GH) and insulin-like growth factor-1
(IGF-1) axis (69), as well as a strong influence of oxidative stress (63).

1.4.1. The Wnt/b-catenin pathway

Since its discovery in the 1980s, the Wnt signaling pathway has been linked to numerous
conditions and pathogenic processes. The largest number of studies refer to the role in
carcinogenesis, but numerous other processes are certainly significant: hair loss, pigmentation
disorders, wound healing, neurodegenerative diseases, proper functioning of the liver, chronic
obstructive pulmonary disease, development and renewal of the epithelium of the small intestine
with the promotion of differentiation of Paneth cells (70). In recent years, the role of the Wnt
signaling pathway in bone formation has been investigated (58).

The main role of b-Catenin is gene transcription in the cytoplasm and translocation to the
nucleus. All key mechanisms in bone formation are regulated precisely by the Wnt/b-catenin
pathway. Further, through its mediation, the proliferation, differentiation and apoptosis of
osteoblasts and osteoclasts take place (71). This pathway is activated when appropriate Wnt
proteins bind to the co-receptor complex, such as lipoprotein receptor-related protein 5 (LRPS) or
lipoprotein receptor-related protein 6 (LRP6) (72). In addition to the direct harmful effect on
osteoblasts and osteoclasts, chronic heavy alcohol consumption also exerts significant toxicity on
the bone marrow, including bone marrow mesenchymal stem cells (BMMSC), which can
differentiate into osteoblasts and adipocytes (73,74). As a consequence of the effects of alcohol,
these multipotent progenitor stem cells differentiate to a greater extent into adipocytes, which leads
to the accumulation of fat in the bone marrow. As a result, there is a loss of bone mass and the
development of osteopenia and osteoporosis. The Wnt/b-catenin pathway, as well as the mTOR
pathway, participate in this process (75,76).

Activation of adipogenetic genes and peroxisome proliferator-activated receptor ¢ (PPAR-c)
in bone marrow stem cells results in inhibition of the Wnt/b-catenin pathway. In addition,
individuals who consume alcohol excessively have significantly higher levels of sclerostin, which is
synthesized in osteocytes and has the ability to bind to LRP5 and LRP6, acting antagonistically
with Wnt signaling. In this way, bone formation is disturbed, reducing the function of osteoblasts
and stimulating osteoclastogenesis (77,78). Another way in which the Wnt/b-catenin signaling
pathway due to excessive alcohol consumption affects bone loss is by triggering oxidative stress
(71).

1.4.2. The phosphoinositide 3  kinase/AKT/mammalian  target of rapamycin
(PI3K/AKT/mTOR) pathway

mTOR belongs to the PI3K family of protein kinases and in interaction with other proteins,
regulates the differentiation and proliferation of numerous cells (79). In this way, with excessive
alcohol consumption, inhibition of the mTOR pathway affects bone formation in several ways: the
activity of the adipogenetic gene PPAR-c increases, the osteogenetic gene Runt-related transcription
factor 2 (Runx2) is inhibited, the differentiation is reduced and the apoptosis of osteoclasts is
promoted (80,81).

In vivo and in vitro BMMSC lines were investigated to determine whether excessive alcohol
consumption has a detrimental effect on bone through mTOR pathways. It has been proven that
high doses of ethanol through the PI3K/AKT/mTOR pathway, due to the increased level of



PI3K/AKT/P70S6K, reduce osteogenic differentiation and at the same time affect enhanced
adipogenic differentiation (64,75).

1.4.3. Estrogen

Estrogen has a protective effect on bones, what is one of the reasons for the lower risk of
osteoporosis in women before menopause. The predominant form of estrogen in men is estradiol,
which is of great importance in the normal function of the reproductive tract (82). In young men
who chronically and excessively consume alcohol, there is a decrease in the level of estradiol (E2),
as well as osteocalcin (66,83). In contrast, light alcohol consumption results in a slight increase in
estrogen in postmenopausal women and E2 and its receptor levels in men, leading to increased
remodeling (84). Examination of mouse osteoblasts showed that under the influence of
acetaldehyde, which is the main byproduct of alcohol metabolism, there is an increased production
of oxygen radicals as well as RANKL mRNA through extracellular signal-regulated kinase (ERK).
The protective role of estrogen is reflected in the fact that it has an antioxidant effect, while E2
activates ERK (85).

1.4.4. Status of the PTH — vitamin D axis in alcohol abuse

Alcohol can significantly disrupt bone mineralization, as well as calcium metabolism (67).
In addition, due to disturbances in nutrition, there is a reduced absorption of vitamin D. Apart from
its influence on calcium homeostasis, vitamin D plays a role in the differentiation of osteoblasts and
in the microarchitectural bone remodeling (51). However, the expected response to low levels of
vitamin D is absent, and people who consume alcohol excessively also have reduced PTH values.
The described negative feedback disorder is explained by the fact that alcohol temporarily and
reversibly blocks the secretion of PTH (86). Moreover, in order for PTH to affect the number of
osteoblast cells, transcription factors such as Runx2 and cyclic adenosine monophosphate (cAMP)
response element-binding protein (CREB) are needed, which could be inhibited by alcohol.
Furthermore, it has been proven that administration of intermittent PTH improves bone
mineralization via the Wnt signaling pathway, but that PTH can not prevent alcohol-induced bone
marrow adiposity (68,87). In individuals who consume alcohol excessively and have reduced levels
of vitamin D, there is excessive production of RANKL and consequently increased bone resorption.
The mentioned regularity can be reversed by vitamin D supplementation, which affects the
reduction of the RANKL/osteoprotegerin (OPG) ratio (88,89).

1.4.5. GH - IGF-1 signaling

It has been proven in vitro that there is increased differentiation and proliferation of
osteoblasts and chondrocytes under the influence of GH, as well as that the stimulatory mechanism
may be regulated by the synthesis and secretion of IGF-1 (90,91). Chronic excessive alcohol
consumption, as well as binge drinking, reduce the synthesis and secretion of GH and IGF-1,
thereby disrupting the balance between osteogenesis and adipogenesis (91,92).

Heavy alcohol consumption reduces IGF-1 activity, while simultaneously increasing the
synthesis of IGF-1 binding protein (IGFBP-1), which directly affects the reduced differentiation of
osteoblasts and chondrocytes (93). Furthermore, after acute alcohol intake, there is a decrease in the
phosphorylation of ribosomal protein S6 kinase-1 (S6K-1/Thr389; S6K-1/Thr421), through the
mTOR pathway, which is a consequence of reduced IGF-1 activity (94,95). The exact mechanism of
reduced function and increased resistance of IGF has not been fully clarified, given that
phosphorylation of another mTOR substrate, 4E-binding protein-1 (4E-BP1), is not inhibited (96).



1.4.6. Oxidative stress

Reactive oxygen species (ROS) have an important role in the inhibition of bone formation
(97). Under the influence of alcohol, the intracellular synthesis of ROS occurs, which results in
damage of the cell membrane (98). In an animal model of rats, it was determined that there is an
increase in the expression of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
(NOX) in osteoblasts, which accelerates the synthesis of ROS (99). The plasma membrane is
affected by NOX 1, 2 and 4, with NOX 4 being found to have the greatest role in the generation of
superoxide in these cells and it is considered the main regulator of cell proliferation and apoptosis,
what is associated with increased bone resorption (100). Furthermore, an imbalance between
increased ROS production and detoxification capacity leads to reduced bone formation (98).

Also, increased production of RANKL mRNA in rat osteoblasts under the influence of
oxidative stress has been proven (101). However, with light alcohol consumption, E2 can inhibit the
production of NOX, which suppresses the expression of RANKL mRNA (76). It has been
experimentally proven that diphenyleneiodonium, through NOX blockade, reduces the synthesis of
RANKL mRNA in osteoblasts (101).

On the other hand, there is not enough data on the role of NOX in the process of
osteoclastogenesis (102). So far, it has been proven that alcohol through NOX 1 and 2 stimulates
the activity of osteoclasts, while preventing their apoptosis (99). Moreover, NOX4 influences the
increased differentiation of preadipocytes. In addition, ethanol via mitogen-activated protein kinase
and signal transducer and activator of transcription 3 signaling pathway induce the synthesis of
ROS, which consequently affects osteoclasts or other precursors regulated by RANKL signaling
(103).
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Figure 2. Schematic representation of different mechanisms of alcohol's effect on bones (104).

Abbreviations: TNF o — tumor necrosis factor a, Wnt — wingless-related integration site, ROS — reactive oxygen
species, RANKL — receptor activator of nuclear factor kappa-B ligand, E2 — estradiol, IL — interleukin, Vit D — Vitamin
D, IGF-1 — insulin-like growth factor-1.

However, many studies have shown that moderate amounts of alcohol as well as some of the
ingredients in alcoholic beverages could have a protective effect on bone. It is known that light
alcohol consumption slightly increases the level of estrogen in women and estradiol (E2) in men
(105). In addition, it has been proven that the non-alcoholic fraction has a significant benefit on
bone strength and fragility. Resveratrol (a stilbene with phytoestrogenic properties), which is
dominantly found in red wine, has a similar protective effect on bones as estrogen (106). Also,
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phenolic acids, which are dominantly found in beer, are associated with the neutralization of ROS
along with the downregulation of inflammatory mediators, which all together affect the
achievement of an adequate balance between osteoblasts and osteoclasts (107). Furthermore, silicon
from malt found in wine and beer affects the regeneration of connective tissue and improves bone
mineralization (108).

Light to moderate alcohol consumption is linked to cultural and religious heritage and is a
common way of diet for certain populations. The Mediterranean diet, as an example of such
concept, has proven health benefits (109). Furthermore, exept moderation in quantity, also the way
of consuming alcohol with meals, and not in the form of excessive drinking is a very significant
characteristic of the Mediterranean diet (110). The initial theory that the main benefit of the
Mediterranean diet is actually the type of alcohol, since it is based on drinking red wine, was
abandoned after similar results were obtained in people who drank beer. Moreover, regardless of
whether wine or beer is drunk, in the way predicted by the Mediterranean diet, there is a health
benefit (111). This population has a lower risk of hip fracture in middle-aged and older men and
women, as well as lower mortality compared to those who drink alcohol excessively or do not drink
alcohol at all (112). However, much remains unclear when it comes to the effects of alcohol on
health (113).

Light alcohol consumption affects the metabolism of parathyroid hormone (PTH). A lower
concentration of PTH decreased bone turnover markers (serum osteocalcin and C-terminal
telopeptide (CTx)), what results a decrease in the level of bone remodeling (114). In addition, there
is an increase in the concentration of estrogen, as well as calcitonin, and a consequent decrease in
bone resorption and improvement in BMD, especially in older women (115).

1.5.  Pathophysiological mechanisms of liver cirrhosis induced osteoporosis

Liver cirrhosis is a significant risk factor for osteoporosis. It has been proven that there is a
decrease in BMD and a disruption of bone microarchitecture, which all together makes bones more
prone to pathological fractures. It is known that 10 — 40% of patients with liver cirrhosis have
osteoporosis (116). The exact mechanism of osteoporosis development in patients with liver disease
has not been fully elucidated (117). Changes occur as a result of an imbalance in the activity of
osteoblasts and osteoclasts (27). Chronic inflammation as a consequence of the underlying disease
and activated cells of the immune system accelerate the complex process of developing
osteoporosis (118). The etiology of liver disease, as well as other comorbid conditions and risk
factors, significantly affect the incidence of osteoporosis. If it is diagnosed or if pathological
fractures occur, the outcome of the treatment of the underlying liver disease itself worsens, with a
significantly lower quality of life (116,119).

Depending on the etiology, in end-stage liver disease, osteoporosis is verified up to eight
times more often compared to healthy controls, while one third of these patients during their
lifetime make a pathological vertebral fracture (119). The incidence of other fractures compared to
vertebral fractures is significantly lower, which indicates that in patients with liver cirrhosis, the
trabecular bone is significantly more affected than the cortical bone (120,121). What is of particular
importance, pathological fractures in patients with liver cirrhosis occur at a significantly younger
age. It was determined that the cumulative fracture risk of patients with liver diseases younger than
45 years corresponds to the risk in the population of healthy controls over 75 years of age (122).

The mechanism of bone damage in patients with liver cirrhosis is very complex. Etiology
and stage of liver disease significantly influence the degree of bone damage. Patients with
cholestatic diseases and non-alcoholic fatty liver disease (NAFLD) are prone to developing
osteoporosis due to increased resorption (119). The bone remodeling process is very complex and
consists of several segments: activation, resorption, reversal, formation, and termination phase.
Disruption of any segment affects remodeling and leads to decreased bone density and increases the
risk of bone fragility (123). The molecular mechanisms that most affect bone resorption are



RANK/RANKL/OPG, activated proinflammatory cytokines (primarily IL-1, IL-6 and TNF-a)
(124).

Except increased osteoclastogenesis, bone formation is reduced in patients with liver
cirrhosis also, as a result of the toxic substances that are not metabolized (116,119,124). In addition
to reduced bone mineralization, the proliferation and differentiation of osteoblasts was also
inhibited (125). It has been proven that patients with alcoholic liver cirrhosis have a reduced
concentration of osteocalcin. After synthesis in osteoblasts, it significantly affects bone
mineralization and it is clear that its deficiency affects reduced bone formation (126). In patients
with liver cirrhosis, the expected response of mesenchymal stem cells and osteoblast precursors,
through the Wnt signaling pathway, bone morphogenetic protein (BMP), and fibroblast growth
factor (FGF) signaling, is absent (119,127).

1.5.1. RANK/RANKL/OPG

RANKL is a type II TNF ligand with a C-terminal extracellular domain, RANK is a
transmembrane TNF receptor, while OPG is a soluble TNF receptor family member. RANK is
located on the osteoclast precursor and acts competitively with OPG for binding to RANKL. Since
the binding of RANK and RANKL is necessary for the process of osteoclastogenesis, in order to
initiate the cascade, it is clear that if OPG binds to RANKL, this process is blocked and bone
resorption is prevented (128). Matrix metallo-proteinases cleave the C-terminal extracellular
domain of RANKL and in this way soluble RANKL (sRANKL) in the extracellular space is
obtained which can also bind to RANK. Considering that the binding of membrane RANKL as well
as SRANKL can initiate the cascade of osteoclastogenesis, it is clear that the OPG/sRANKL ratio
affects the preservation of bone mass. It was found that the concentration of SRANKL is increased
in patients with liver diseases. The increase in the level of SRANKL in these patients affects the
increased bone turnover. As a protective response, there is also an increase in OPG levels (126,129).

1.5.2. Proinflammatory cytokines

Liver cirrhosis is a state of chronic inflammation in which proinflammatory cytokines
directly and indirectly stimulate osteoclast activation (130). IL-1 and IL-6 can directly improve
osteoclast function, while at the same time they stimulate the synthesis of RANKL in osteoblasts
and thus indirectly affect osteoclast differentiation (131,132). It is known that in the liver diseases
there is an increased production of IL-6 which stimulates liver regeneration (133). Also, in alcoholic
liver cirrhosis, the underlying disease and alcohol itself influence the increased production of IL-6
and TNF-a which stimulates the expression of RANKL in osteoblasts. In addition, TNF-a has a
stimulating effect on osteoclast precursors through increased expression of the colony stimulating
factor-1 (CSF-1) receptor gene. All of this affects the increased differentiation and activity of
osteoclasts (134,135).

1.5.3. IGF-1

In the text above it is described that IGF-1 has an anabolic effect on bone growth. IGF-1 is
produced in hepatocytes and is stimulated by GH. Its synthesis is reduced with the weakening of
liver function and the loss of GH receptors on hepatocytes (136). The importance of the effect of
IGF-1 on bones is well explained by the fact, that osteoporosis can be verified, in women with
reduced values of IGF-1 (137). A study in rats with liver cirrhosis found that administration of low
doses of IGF-1 could increase bone mass (138).



1.5.4. Hypogonadism

Patients with alcoholic liver cirrhosis and advanced portal hypertension have hypogonadism
(116,139). Testosterone, through the stimulation of IGF-1 expression, affects the differentiation and
proliferation of osteoblasts and chondrocytes, while at the same time, it reduces the activity of IL-6,
which activates osteoclasts (140). In addition, the reduced concentration of testosterone stimulates
the synthesis of RANKL, which promotes osteoclastogenesis and affects the reduction of BMD
(141,142). Therefore, testosterone directly improves the synthesis of trabecular bone, while in
patients with alcoholic liver cirrhosis there is increased osteoclastogenesis, due to reduced
testosterone levels (143). Furthermore, although in liver cirrhosis androgens are converted to
estrogen peripherally, the protective effect of the estrogen produced in this way is weak to protect
bones from osteopenia and osteoporosis (44,144).

1.5.5. Malnutrition and gut microbiota in liver cirrhosis

Malnutrition in patients with liver cirrhosis is a significant risk factor for osteoporosis. Even
50 % to 90% of patients with liver cirrhosis are malnourished (145,146). Numerous factors
influence the development of sarcopenia: reduced intake of nutrients, malabsorption and
hypercatabolism (146,147). The condition is further aggravated by external risk factors in the form
of alcohol consumption, numerous comorbidities, tendencies towards the development of
infections, but also metabolic changes that are a consequence of the underlying disease such as
hyperammonemia, low testosterone levels, reduced GH and high levels of endotoxins (147,148).
Moreover, due to the reduction of glycogen stores and the need for gluconeogenesis, there is
additional increase in muscle proteolysis (148,149). Sarcopenia significantly affects BMD and
increases the risk of developing osteoporosis many times over (150). In recent years, more and
more studies have been conducted on the disruption of the microbiota and the consequences on the
entire organism (151). Given that liver cirrhosis leads to dysbiosis and the appearance of "leaky gut
syndrome", as well as the fact that there is a proven link between microbiota disorders and the
occurrence of osteoporosis, it is clear that the intestinal flora disorder is another additional risk
factor for increased bone fragility (152,153).

1.5.6. Vitamin K, Vitamin D and PTH

Patients with liver cirrhosis can often have reduced levels of vitamin K. Considering that
vitamin K is necessary for the synthesis of osteocalcin, it has been proven that its supplementation
can have a positive effect on BMD (154).

The largest part of vitamin D is the result of cutaneous synthesis under the influence of
ultraviolet (UV) rays. The active form of vitamin D, 1,25-dihydroxyvitamin D (1,25(OH)2D), is
formed after hydroxylation first in the liver and then in the kidneys (155). The main transporter of
vitamin D in the circulation is the vitamin-D-binding protein (GC or DBP) which is expressed in
the liver. Therefore, the reduced concentration of vitamin D in the circulation is not only
responsible for reduced hydroxylation, but with the progression of liver disease, there is also a
reduced expression of DBP (156,157). In patients with liver cirrhosis, there is a reduced absorption
of calcium and phosphorus from the digestive tract, due to the deficit of 1,25(OH)2D, which
consequently affects the increased release from the bones and the reduction of bone mineralization
(158). Furthermore, vitamin D affects the inhibition of osteoclastogenesis (159). However, in
patients with cirrhosis of the liver, the activation of the negative feedback loop is absent, and in
contrast to the expected elevated values of PTH, decreased values are recorded. The exact
mechanism has not been clarified (86).

However, despite the fact that there is a clear interaction between liver disease and increased
bone fragility, there are still no guidelines that would precisely indicate the importance of timely
diagnosis and appropriate therapy (124).
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2. AIMS

The aims of the dissertation are to examine the changes in bone tissue in patients with
alcoholic liver cirrhosis (ALC), as well as patients with chronic alcohol abuse (CAA), without
cirrhosis. The specific objectives are:

e to examine the significance of the difference in mineral density of the proximal femur
and lumbar spine, as well as structural parameters of the proximal femur in CAA group in
relation to the control group matched by sex and age;

e to examine the significance of the difference in mineral density of the proximal femur
and lumbar spine, as well as structural parameters of the proximal femur in persons with
ALC in relation to the control group matched by sex and age;

e to examine the significance of the difference between the two examinated groups (CAA
and ALC);

e to examine the significance of the use of Fracture Risk Assessment Tool (FRAX) and
trabecular bone score (TBS) in predicting the risk of pathological bone fractures in
patients with CAA and ALC;

e to determine whether there is a relationship between the results obtained by
osteodensitometry and biochemical parameters, which include markers of bone
metabolism (vitamin D, PTH, osteocalcin, B-CTX, osteoprotogerin, RANKL, IGF-1) and
hormonal status (testosterone, estradiol, LH, FSH, SHBG) in patients with alcoholic liver
cirrhosis and persons who excessively consume alcohol;

e to examine whether there was a difference in all examined parameters in the group of
patients with ALC classified according to the degree of liver insufficiency according to
the Child Pugh classification.
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3. MATERIAL AND METHODS
3.1. Study sample

We conducted a cross-sectional study of 172 male patients treated at the Clinic for
gastroenterohepatology (Clinic for GEH), University Clinical Center of Serbia (UCCS) and the
Special Hospital for Addiction Diseases. A detailed anamnesis was taken from all study participants,
including a detailed socio-epidemiological survey, with special reference to habits related to alcohol
consumption (frequency, amount, length of consumption, type of alcoholic beverage).
Anthropometric measurements (body weight, body height, body mass index (BMI)), biochemical
analyses, as well as abdominal ultrasound were performed. Based on the anamnestic data and the
examination, the patients were divided into 3 groups: patients with ALC (48), patients with CAA
without liver cirrhosis (73) and a healthy control group (51).

The ALC group included 48 patients who were hospitalized at the Clinic for GEH, UCCS.
In order to establish a distinction from the direct effect of alcohol on bones, all patients in this group
were at least one year of stable abstinence. On the basis of previous medical documentation (50 g of
pure alcohol/day for more than five years) and examination (physical signs of alcoholic chronic
liver disease, indirect signs of portal hypertension verified by abdominal ultrasound and/or upper
endoscopy, specific serum biochemical profile), was made a diagnosis of ethylic liver cirrhosis.
Subsequently, all patients with cirrhosis was classified according to Child Pugh stages of the
disease, into three subgroups: A, B and C (score A< 6, B 7—9, C>10) (Table 2) (160).

The second group included 73 patients who were hospitalized at the Special Hospital for
Addiction Diseases. They met the NIAAA criteria for AUD and by the day of admission to the
hospital had consumed excessive amounts of alcohol in the form of heavy alcohol use or binge
drinking.

The control group included 51 age-matched male patients in whom hemorrhoidal disease
was confirmed endoscopically without any other pathological findings and who denied alcohol use.
Age and anthropometric parameters of all three groups are shown in Table 1.

The exclusion criteria included: female gender, positive history of endocrine and metabolic
diseases affecting the skeletal system (hyperparathyroidism, hypogonadism, thyroid dysfunction,
diabetes, obesity, autoimmune, hereditary or viral liver disease), hereditary musculoskeletal
disorders, the presence of fractures of the femur and / or vertebrae, confirmed by X ray, the
presence of solitary and / or metastatic malignant lesions, as well as the usage of drugs that affect
bone metabolism (antiepileptics, cytostatics, corticosteroids, vitamin D, bisphosphonates and
others). After biochemical analyses, subjects with elevated transaminases were not included in the
control group, while alcoholics who were not diagnosed with liver cirrhosis were excluded in case
of verified impairment of liver synthetic function and/or secondary hypersplenism. Also, if the
ultrasound examination of the abdomen in subjects of the control group indicated a fatty liver or any
pathological findings in the abdomen, they were excluded from the study. It is a significant fact that
we radiologically confirmed that 6 patients with ALC, who initially met all criteria, had
pathological vertebral fractures, and that they were then excluded from the study. No vertebral
fractures were verified in the CAA and control group, nor were hip fractures noted in all included
subjects.
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Table 1. Age and anthropometric parameters

N | Age (average + | Height (cm + Weight (kg. £ BMI (kg/m? +
SD) SD) SD) SD)
ALC group 48 | 51.96+7.5 176.36 + 8.09 85.95 +14.03 27.64 £4.18
CAA group 73 | 49.37 +8.82 176.97 +7.31 80.65 + 12.34 25.68 +£3.20
Control group |51 [49.93+£11.92 180.75 £5.95 92.25 +£16.16 28.24 + 4.84
Total 172 1 50.20 +9.44 177.83 +7.36 85.27 £ 14.61 26.92 +4.10

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SD — standard deviation.

Table 2. Child Pugh score (160)

Factor 1 point 2 point 3 point

Total bilirubin

(i) <34 34-50 > 50

Albumin (g/L) > 35 28 -35 <28

INR <1.7 1.71 -2.30 >2.30

Ascites None Mild Moderate to severe

Hepatic Grade I —1I (c.nil Grade I - IV (or

encephalopathy None sup presspd wit refractory)
medication)

Class A (score 5 — 6), Class B (7—9), Class C (10 — 15).

3.2.  Biochemical blood tests and serum markers of bone metabolism

Standard blood tests were performed in all study participants (blood cell count, coagulation
profile with special reference to the synthetic function of the liver, hepatocyte integrity tests with a
check of cholestasis enzymes also, excretory function of the liver, nutritional and lipid status, renal
and pancreatic function, electrolyte status with special reference on parameters important for bone
metabolism, along with other standard biochemical analyses), vitamin D level and parathyroid
gland function, osteocalcin, analysis of sex hormones (total and free testosterone, estradiol,
luteinizing hormone — LH, follicle-stimulating hormone — FSH, dehydroepiandrosterone sulfate —
DHEAS and sex hormone-binding globulin — SHBG). Blood was sampled in the early morning
hours, after an overnight fasting. Vacutainers without additives were used. After centrifugation at
3500 rpm, and separation, the sample was stored in a deep freezer (- 80 C). Special attention was
paid to analyzing specific bone biomarkers (beta-C-terminal telopeptide — B-CTX, receptor
activator of nuclear factor kappa beta ligand — RANKL, insulin-like growth factor 1 — IGF-1 and
osteoprotegerin — OPG). According to the manufacturer's strictly prescribed instructions, the
analysis was performed at the Institute of Medical and Clinical Biochemistry, Faculty of Medicine
in Belgrade. Adequate commercially available ELISA kits (Abcam plc, Cambridge, UK and
Abbexa, Cambridge, UK) were used.

3.3.  Ostedensitometry (DXA)

All study participants were initially X-rayed on both hips and the lumbar spine in order to
exclude patients with possible pathological fractures.

Measurement of bone mineral density of the proximal femur and lumbar spine was
performed using dual-energy X-ray absorptiometry (DXA) on a HOLOGIC 1000 W device
(Hologic QDR 1000 / W; Hologic, Waltham, MA) in cooperation with the Institute for Health
Protection of Workers of "Serbian Railways", in Belgrade.
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Furthermore, using standard software, bone mineral content (BMC; g) and bone mineral
density (BMD; g/cm?) was determined in the standard regions of the proximal femur (narrow neck,
intertrochanteric region and shaft) and lumbar spine. Then, for all patients, we calculated the FRAX
and TBS, as the main indicators of the risk of potential pathological fractures.

The FRAX score was created by experts from The University of Sheffield in the United
Kingdom in order to more accurately assess the risk of bone fracture depending on the presence of
certain risk factors. It presents an algorithm that estimates the ten-year risk of major osteoporotic
fracture (including hip, spine, forearm, and proximal humerus fractures) and hip fracture. It consists
of 11 parameters, most of which carry an individual risk for bone fracture: age, sex, weight, height,
previous fracture, parental hip fracture, smoking, glucocorticoid use, rheumatoid arthritis,
secondary osteoporosis, alcohol consumption. Bone mineral density (BMD) at the femoral neck is
the 12th parameter that is optional and can be used if osteodensitometry was performed. Excessive
alcohol consumption, according to the FRAX algorithm, represents taking 3 or more standard doses
per day (161). FRAX values > 20% for major osteoporotic fracture or > 3% for hip fracture are
considered significant and such patients should be considered for drug therapy.

3.4.  Hip Structure Analysis (HSA) of the proximal femur

Geometrical and mechanical characteristics of the proximal end of the femur represent the
structural analysis of images obtained by osteodensitometry. Realizing that BMD is not the only
parameter that affects the assessment of the risk of pathological fractures, there was a need to
determine numerous other parameters that can more precisely explain the resistance of the proximal
end of the femur to forces coming from various directions and leading to bending and ultimately to
fracture. The idea initially arose in 1984, and then Beck and his collaborators developed a special
software program — HSA with which these measurements could be performed (162).

However, in order for this idea to come in practical work, certain mathematical models had
to be created that relate to the shape and symmetry of the proximal femur, as well as to the
assessment of the thickness of the cortex. For this reason, the proximal end of the femur is
conceived as a continuous curved beam, with repeated measurements being performed on the
intertrochanteric region, the neck and shaft of the femur, in regions 5 mm wide. Special attention is
paid to the shafts that pass through the mentioned segments of the femur, so that the measurements
can also be carried out in transverse planes (163).

The regions of interest that we examined are:

1. narrow neck of the femur (NN), transverse section in relation to the longitudinal
axis, made at the narrowest point on the neck;

2. intertrochanteric region (IT), a transverse section along the intertrochanteric line
connecting the greater and lesser trochanters of the femur;

3. femoral body shaft (FS), transverse section made 2 cm below the midpoint of the
lesser trochanter of the femur.

Using the previously mentioned software program, the following parameters were directly
obtained for each of the listed regions of interest:

1. Periosteal diameter (PD, cm) is measured between the outer edges of the respective region
of interest on a line perpendicular to the longitudinal axis of the region;

2. The index of resistance to compressive load (cross-sectional area, CSA, cm?) is defined as
the cross-sectional area of the bone after subtracting all cavities filled with bone marrow.
CSA is an index of resistance to load directed along the longitudinal axis. It is calculated
using the following formula:

CSA=BMD x PD
14
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(BMD — bone mineral density, PD — periosteal diameter; pm — degree of mineralization,
which is 1.05 g/cm? in a bone that is completely mineralized);

3. The moment of inertia on the cross-section (CSMI, cm?) represents the distribution of mass
in relation to the center of bending, i.e. the axis of bending. The point farthest from the
center suffers maximum bending stress, while the point in the center suffers virtually no
stress:

CSMI = & [(PD)* - p(ED)* ]
4 2 2
(PD — periosteal diameter, ED — estimated endocortical diameter, p — trabecular porosity);
4. The section modulus (SM, cm?) is an indicator of bending strength for maximum bending
stress in the image plane. It is calculated by dividing the cross-sectional moment of inertia of
the corresponding region of interest by half the periosteal diameter:

SM = CSMI
PD/2
(CSMI — moment of inertia on the cross-section, PD — periosteal diameter)

5. Endocortical diameter (ED, cm) is calculated indirectly using the model, while periosteal
diameter is measured directly from DXA scans. Beck (163) based his model for estimating
cortical thickness on previous results obtained by Kuper et al. (164) and Bell et al. (165)
examining total cortical and trabecular bone mass in in vitro samples of proximal end of the
femur using quantitative computed tomography. They determined that the total part of the
cortical bone mass is 60% in the neck, 70% in the intertrochanteric region, and all 100% in
the femoral body shaft. If we consider the femur as a model in which the cortical bone mass
is distributed in this way, we can calculate the endocortical diameter:

ED =2 x \( PD/2)* fc x CSA/n

(PD — periosteal diameter, CSA — cross-sectional area, fc — constant for cortical mass and
ranges from 0.6 for the neck to 1 for the body of the femur).

In order to apply this model for estimating the endocortical diameter, it is assumed that the
cortex is symmetrically placed in relation to the periosteal diameter and that it can be approximately
imagined as an ideal circle around the neck and body of the femur, or as an ellipse around the
intertrochanteric region;

6. The thickness of the cortex (CTh, cm) is calculated from the difference between the
periosteal and endocortical diameters:

CTh=PD - ED
(PD — periosteal diameter, ED — endocortical diameter)

7. The buckling ratio (BR, dimensionless) is a mechanical index of the buckling stability of the
tube wall and is calculated when half of the periosteal diameter is divided by the thickness
of the cortex. High values indicate that the bone has become unstable due to thinning of the
cortex.

BR=PD/2

CTh
(PD — periosteal diameter, CTh — thickness of the cortex)
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3.5.  Statistical analysis

The sample size was determined using the statistical software G * Power (version 3.1., for
Windows operating system) in order to achieve a study power of 80% at a significance level of 5%
(B=0.2 and a = 0.05).

Statistical analysis of the data: The collected results were first analyzed using the
Kolmogorov-Smirnov test to check the data distribution of all variables according to the theoretical
normal distribution. A probability value of the null hypothesis that is greater than 0.05 confirms the
agreement of the empirical with the normal distribution. After the analysis, it was determined that
all data behave according to a normal distribution (p>0.05; Table 3 — 8) and that they can be
analyzed by parametric statistical tests.

Table 3. Kolmogorov-Smirnov test for anthropometric parameters and FRAX

N Z p

Age 172 0.76 0.604
Height 172 0.92 0.361
Weight 172 0.65 0.788
BMI 172 0.85 0.469
FRAX major osteoporotic | 172 1.38 0.044
fracture

FRAX hip fracture 172 3.96 <0.001

Abbreviations: BMI — body mass index, FRAX — Fracture Risk Assessment Tool.

Tabela 4. Kolmogorov-Smirnov test for hip parameters obtained by DXA

N Z p
BMCneck 140 0.79 0.560
BMCintertroch 139 0.68 0.751
BMCtot 140 0.68 0.752
BMDneck 140 0.86 0.455
BMDintertroch 139 0.77 0.596
BMDtot 140 1.10 0.180
T score hip 139 1.07 0.202
Z score hip 140 1.10 0.178

Abbreviations: BMC — bone mineral contetnt, BMD — bone mineral density, intertroch — intertrochanteric, tot — total.
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Tabela 5. Kolmogorov-Smirnov test for parameters obtained by analysis of structural
parameters of the proximal femur

N Z p
PDneck 139 0.94 0.337
EDneck 139 0.90 0.391
PDintertroch 139 0.77 0.590
EDintertroch 139 0.62 0.835
PDfs 136 3.03 <0.001
EDfs 136 1.44 0.032
CSAneck 139 0.85 0.469
CSAintertroch 139 0.76 0.609
CSAfs 136 1.90 0.002
CSMlIneck 139 1.16 0.133
CSMlintertroch 139 0.83 0.500
CSMIfs 136 3.40 <0.001
SMneck 139 0.99 0.286
SMintertroch 139 1.20 0.113
SMfs 136 3.09 <0.001
CThneck 139 2.68 <0.001
CThintertroch 139 0.71 0.699
CThfs 136 0.88 0.420
BRneck 139 0.96 0.313
BRintertroch 139 1.16 0.136
BRfs 136 1.76 0.004

Abbreviations: PD — periosteal diameter, ED — endocortical diameter, CSA — cross-sectional area, CSMI — moment of
inertia on the cross-section, SM — section modulus, CTh — cortical thickness, BR — buckling ratio, intertroch —
intertrochanteric, fs — femoral body shatft.

Tabela 6. Kolmogorov-Smirnov test for spine parameters obtained by DXA

N Z p
BMCspine 139 0.89 0.414
BMDspine 139 0.93 0.357
T score spine 139 0.86 0.454
Z score spine 139 0.95 0.333
TBS 129 0.96 0.314

Abbreviations: BMC — bone mineral contetnt, BMD — bone mineral density, TBS — trabecular bone score.
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Tabela 7. Kolmogorov-Smirnov test for laboratory parameters

N Z p
PT 156 3.37 <0.001
Fibrinogen 156 0.75 0.627
Albumin 158 1.87 0.002
Total bilirubin 158 3.68 <0.001
Direct bilirubin 146 4.05 <0.001
AST 158 2.77 <0.001
ALT 158 2.45 <0.001
ALP 158 2.52 <0.001
GGT 158 2.90 <0.001
Ca 147 1.02 0.246
Ca?* 149 1.04 0.233
P 152 0.90 0.391
Vitamin D 115 1.27 0.080
PTH 142 1.82 0.003
Osteocalcin 145 0.73 0.663
Testosteron total 132 1.15 0.145
Testosteron free 74 1.04 0.233
Estradiol 97 1.99 0.001
LH 97 2.03 0.001
FSH 97 2.15 <0.001
DHEAS 61 1.29 0.071
SHBG 95 0.91 0.381

Abbreviations: PT — prothrombin time, AST — aspartate aminotransferase, ALT — alanine aminotransferase, ALP —
alkaline phosphatase, GGT — gamma-glutamyltransferase, Ca — calcium, Ca®" — ionized calcium, P — phosphorus, PTH
— parathyroid hormone, LH - luteinizing hormone, FSH - follicle-stimulating hormone, DHEAS -
dehydroepiandrosterone sulfate, SHBG — sex hormone binding globulin.

Tabela 8. Kolmogorov-Smirnov test for specific bone biomarkers parameters

N Z p
B-CTX 94 0.86 0.446
IGF-1 81 2.57 <0.001
Osteoprotegerin 81 1.00 0.272
RANKL 81 1.74 0.005
RANKTL /osteoprotegerin | 81 1.579 0.014

Abbreviations: B-CTX — beta-C-terminal telopeptide, IGF-1 — insulin-like growth factor 1, RANKL — receptor activator
of nuclear factor kappa beta ligand.

Levine’s test was used to determine the data homogeneity before conducting an analysis of
covariance (ANCOVA) with Bonferroni posthoc correction to estimate intergroup differences in
mean values of the examined osteodensitometry parameters (covariates appearing in the corrected
model were evaluated at a BMI value of 27.73 kg/m2). Analysis of variance (ANOVA) with
Bonferroni posthoc correction was conducted to assess the significance of the difference in
biochemical blood parameters and bone turnover biomarkers between the ALC, CAA, and control
groups. All parameters that did not follow normal distribution were analyzed by adequate
nonparametric tests (KruskalWallis and MannWhitney tests). Statistical analyses were conducted
using SPSS statistical software (version 21, IBM Corp, Armonk, NY, USA) at a significance level
of 5% (0.05).
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3.6. Ethical considerations

The Ethics Committee of the Faculty of Medicine, University of Belgrade, confirmed that
the study was conducted by the Guidelines for Good Clinical Practice, the Declaration of Helsinki,
and local laws and regulations (approval no. 1322/IX-11). The study protocol was approved by the
Joint Research and Ethics Committee (University Clinical Center of Serbia, approval no 890/9;
Special Hospital on Addiction, approval no 2964). Written informed consent was obtained from all
participants included in the study.
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4. RESULTS
4.1. Biochemical analysis

Routine laboratory analyzes were performed to all subjects included in the study. A
statistically significant difference was obtained for almost all compared parameters except ALT,
osteocalcin, total testosterone and estradiol (Table 9 and 10). Then, an individual post-hoc analysis
was performed, which more precisely determined intergroup differences.

The analysis of the two examined groups showed that patients with ALC had a statistically
significantly weakened synthetic and excretory function of the liver, the concentration of total and
ionized calcium was also lower, and the values of AST and ALP were higher, while there was no
statistically significant difference in other compared parameters (Table 11 and 12).

The comparison of laboratory parameters of patients with ALC and the control group
showed, as expected, a statistically significantly reduced synthetic and excretory function of the
liver in the ALC group, as well as elevated values of AST and cholestasis enzymes, and
significantly lower values of bone metabolism parameters. By analyzing sex hormones, statistically
significantly lower values of free testosterone were obtained, along with higher values of SHBG
and LH in the ALC group (Table 13 and 14).

Comparing patients who consumed alcohol excessively with healthy subjects, statistically
significantly higher values of fibrinogen, GGT, phosphorus, LH and SHBG were obtained, while
the levels of albumin, vitamin D and PTH were significantly lower in the CAA group (Tables 15
and 16).

Table 9. Comparison of laboratory parameters with normal distribution

ALC gorup CAA group Control group Overall p
N Mean + SE N Mean + SE N Mean + SE value
Flb(r;ﬁfen 51 | 279+0.14 | 73 | 3.98+0.11 | 32| 338+0.12 | <0.001
Ca 45 | 234+0.02 | 69 | 240+001 | 33| 243+0.02 0.001
(mmol/L)
2+
Ca 46 | 127+001 | 70 | 130+0.01 | 33| 1.29+0.01 0.025
(mmol/L)
. 48 | 1.07+004 | 71 | 1.02+0.03 | 33| 089+0.03 0.004
(mmol/L)
Osteocalein | yo | 1750 171 | 65 | 1707+124 | 32 | 19.91+125 >0.05
(ng/L)
Testosteron | o | 1019127 | 51 | 19134130 | 33 | 2004+148 | >0.05
total (nmol/L)
Testosteron | 53 | 406084 | 20 | 7.834137 | 31| 9.98+096 0.002
free (nmol/L)
Al 37 | 69.82+3.40 | 27 | 59344377 | 31 | 4454+324 | <0.001
(nmol/L)

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, Ca — calcium, Ca?" —
ionized calcium, P — phosphorus, SHBG — sex hormone binding globulin.
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Table 10. Comparison of laboratory parameters that did not follow normal distribution

(Min-Max) (Min-Max) (Min-Max) 1 VLD

PT(s) > (101.233.5) 73 (918118 29) 32 (101.;2512.5) <0.001
Albumin (g/L) | 51 (263.(6#3;0) 73 (36%(3);23.0) 34 (38%8;23.0) <0.001
Pty | 5| oooseay | B| gase || easen | <000
Dlrfﬁfnzlll/lﬁbm 49 (o.g-5 1'2‘7‘.5) 63 (0.222.1) 34 (1.46‘;??.8) <0.001
(%?g) > (121)7-'17 ;9.0) 73 (9.(3)-1 1';2.0) 34 (122.3%2.0) <0.001
(%%g) > a 1%328513.0) 73 (11.305-'23:6.0) 34 (1436;;2.0) > 0.05
(%];Ilj) > (361.(1)—222%.0) 73 (331)(3'18397.0) 34 (3.3.609-'12 030.0) < 0.001
(%?IT) > (20.9<)5-£g9.0) 73 (14.7<)1-52202.0) 34 a 1.3()(2'f(fo.0) 0.001
\(Iﬁfﬁ? 42 (8.381—;59) 42 (8.289-89;9) 3 (14%451232.0) 0.002
(pIgj/TanL) 49 (8.8—7 igé.()) 60 (7.8-6 ig.()) 33 (20.701-'11429.0) <0.001
ﬁfﬁiﬁlﬁ’; 38 (881.(??6.2?).0) 28 (881.3?2.2;0) 3 (881.(3)—12%)2.0) > 0.05
(mHLJI/{mL) 38 (1.8;22.8) 29 (2.4612;.7) 30 (1.35?69.5) 0.001
(mfg/iL) 37 (1.%2;.3) 2 (28;2?8) 3 (1.;‘1‘2.7) > 0.05
aigﬁLs) 2 (0.333.8) 2 (o.;(z)?).z) 10 (1.47'-298.6) > 0.05

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, PT — prothrombin time, AST — aspartate
aminotransferase, ALT — alanine aminotransferase, ALP — alkaline phosphatase, GGT — gamma-glutamyltransferase,
PTH - parathyroid hormone, LH - luteinizing hormone, FSH - follicle-stimulating hormone, DHEAS -
dehydroepiandrosterone sulfate.

Table 11. Comparison of laboratory parameters of two investigated groups with normal
distribution

ALC gorup CAA group
N Mean=+SE N  Mean=+SE ol
Fibrinogen (g/L) | 51 279+0.14 73 398+0.11 <0.001
Ca
(mmol/L) 45 2.34+0.02 69 2.40 +0.01 0.010
CaZ+
(amolL) 46 127+0.01 70 130+ 0.01 0.024
P
(mmolL) 48 1.07+0.04 71 1.02 +0.03 0.720
Chiseoaloi 48 17.54 +1.71 65 17.27  1.24 >0.05
(ng/L)
Testosteron total | 4o | 16194127 | 51 19.13 £ 1.30 > 0.05
(nmol/L)
e 4.68 +0.84 20 7.83+137 0.156
(nmol/L)
SHBG (nmol/L) | 37 69.82+340 | 27 5934 +3.77 0.111

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error,
Ca — calcium, Ca** — ionized calcium, P — phosphorus, SHBG — sex hormone binding globulin.
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Table 12. Comparison of laboratory parameters between two investigated groups that did
not follow normal distribution

ALC gorup CAA group
N Mean N Mean p value
(Min-Max) (Min-Max)

PT(s) 31 (101.2233.5) 73 (9.1531-?29) <0.001
Albumin (g/L) | 31 (263.(6);33.0) 73 (36%3123.0) < 0.001
Tozﬁrrt;élll/rﬁl)b no s (2.3722461.4) 73 (3.481223.9) <0.001
Dir(e:rtn%ill/igbm 49 (0.3-5 i46‘471.5) 63 (o.égg.l) < 0.001

(%?E) > (12.1)7-‘17 ;9.0) 73 (9.3-11';2.0) 0.002

(%%E) o (113.(%;8;.0) 73 (1 1?)5-5436‘0) >0.05

(%%Ilj) 31 (361.(1)-22'22.0) 73 (33.70(2'18 397.0) <0.001

(%?IB > (202)5-.60649.0) 73 (14.701-32202.0) 0.279

\(]ﬁﬁ&? 42 (8.3 81-;5.9) 42 (8.2228989.9) 1.000
(pI;rrEL) 49 (8.332%.0) 60 (7.3%%.0) 1.000
fﬁiﬁ% 38 (881.(6)5‘6'(5)(5).0) 28 (881.3?2'912.0) > 0.05
(mI%JI/{mL) 38 (1.(6)3;8) 2 (2.4613;7) 1.000
(mfg/lr{nL) 37 (1.%(3);.3) 2 (2.3;2;8) > 0.05
([p)lrI;Il](:;{/AS) 29 (o.jigg.g) 22 (o;gg.z) = 0.05

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, PT — prothrombin time, AST — aspartate
aminotransferase, ALT — alanine aminotransferase, ALP — alkaline phosphatase, GGT — gamma-glutamyltransferase,
PTH - parathyroid hormone, LH - luteinizing hormone, FSH - follicle-stimulating hormone, DHEAS -
dehydroepiandrosterone sulfate.
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Table 13. Comparison of laboratory parameters between ALC and control group with

normal distribution

ALC gorup Control group
N Mean £ SE N Mean + SE p value
Fibrinogen (g/L) | 51 2.79+0.14 32 3.38+£0.12 0.015
Ca
(mmol/L) 45 2.34+£0.02 33 2.43+0.02 0.002
Ca2+
(mmol/L) 46 1.27 +£0.01 33 1.29+0.01 0.195
P
(mmol/L) 48 1.07 £ 0.04 33 0.89 +0.03 0.003
Osteocalcin (ug/L) | 48 17.54 £ 1.71 32 19.91 £ 1.25 >0.05
Testosteron total 43 16,19 + 127 13 20,04 4 1.48 005
(nmol/L)
Testosteron free 23 4684084 31 0,08+ 0.96 0,001
(nmol/L)
SHBG (nmol/L) 37 69.82 + 3.40 31 44,54 +3.24 <0.001

Abbreviations: ALC — alcoholic liver cirrhosis, SE — standard error, Ca — calcium, Ca?" — ionized calcium, P —

phosphorus, SHBG — sex hormone binding globulin.

Table 14. Comparison of laboratory parameters between ALC and control group that did not

follow normal distribution

ALC gorup Control group
N Mean N Mean p value
(Min-Max) (Min-Max)

PT(s) > (101.2;33.5) 32 (101.;251(2).5) <0.001
Albumin (/L) | 51 o ool 0 34 (3;8;23 0 <0.001
Clmoy | 5V | oosesy | M| eomen | <000l
Dlr?:;tgfﬁbm 49 (0.%-5 1.46‘47‘.5) 34 (1.2;??.8) <0.001

(?J?IT) > (12.41)7-'17 ;9.0) 34 (1223:2.0) <0.001

(%I;IT) > a 13.(2)28213.0) 34 (14%;2.0) > 0.05

(%%5) > (361.(1)-2222.0) 34 (33.609-'12 030.0) <0.001

oL U] povewoy | | qioios | O

\(IEEEEIL])) 42 (8.381—§f9) 3 (14&32.0) 0.009
(pIgi;FIII;IL) 49 (8.(3)—7 13%.0) 33 (20.701-'11429.0) <0.001
ﬁfﬁiﬁlxﬂ 38 (881.(6)?6.2?).0) 3 (881.(3)-1232.0) > 0.05
(mHLJI/{mL) 38 (1.(6);2;8) 30 (1.33?69.5) 0.002
(mfg/ljnL) 37 (1.?2(3);3) 3 (1;;13.7) > 0.05
(]ftigﬁs) 29 (0.232.8) 10 (1.47.-298.6) > 0.05

Abbreviations: ALC — alcoholic liver cirrhosis, PT — prothrombin time, AST — aspartate aminotransferase, ALT —
alanine aminotransferase, ALP — alkaline phosphatase, GGT — gamma-glutamyltransferase, PTH — parathyroid
hormone, LH — luteinizing hormone, FSH — follicle-stimulating hormone, DHEAS — dehydroepiandrosterone sulfate.
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Table 15. Comparison of laboratory parameters between CAA and control group with

normal distribution

CAA group Control group value
N  Mean=+SE N Mean+SE P
Fibrinogen (g/L) 73 3.98+0.11 32 3.38+0.12 0.007
Ca
il 69 2.40 +0.01 33 2.43 +0.02 0.882
Ca2+
il 70 130 +0.01 33 1.29 +0.01 1.000
P
il 71 1.02 < 0.03 33 0.89 £ 0.03 0.034
Osteocalcin (ug/L) | 65 1727 + 1.24 32 19.91 £ 1.25 > 0.05
e s 19.13 £ 1.30 33 20.04 + 1.48 > 0.05
(nmol/L)
el ) 7.83+ 137 31 9.98 + 0.96 0.469
(nmol/L)
SHBG (nmol/L) | 27 59.34+3.77 31 4454 + 324 0.015

Abbreviations: CAA — chronic alcohol abuse, SE — standard error, Ca — calcium, Ca*" —

phosphorus, SHBG — sex hormone binding globulin.

ionized calcium, P —

Table 16. Comparison of laboratory parameters between CAA and control group that did
not follow normal distribution

CAA group Control group
N Mean N Mean p value
(Min-Max) (Min-Max)

e 7 (9-1?31—?29) 32 (101.;2513.5) 1.000
Albumin (/L) | 73 G 6‘?3;230) 34 (3;8;230) 0.015
Comoy || aame | M| @osen | 1
Dlr?:rtnt:)lll}gbm 63 (o,égg. ) 3 (1.2;??.8) 1.000

(%%f) 3 (9.8—%%.0) 34 (122'3;230) 0.629

(%I;g) 3 (1 .305—.23436.0) 34 ( 143.‘(%;46‘.0) >0.05

(%%E) 3 (331)(3'18 397.0) 34 3 3,609_'12 030,0) 1.000

(%(/}5) & (141)1—.32202.0) 34 (11 .3()(3-14(;‘0'0) 0.036

\(];frilrgll;lL])) 42 (8289—8989 9) 31 a 44‘5‘_320) 0.003
(PI;;II;IL) 60 (7(3)—6 1230) 33 (20.7()1_-11429.0) <0.001
ﬁrtriz?/g 28 (881.8?2.(4)1;0) 31 (881,8_12'%)20) >0.05
(mI%JIme) 29 (2,23;7) 30 (1_33‘?69_ 5) 0.007
mumy | 2| cosss || asisn | 70O
(]ftSlEfAfLS) 22 (0.;(2)?).2) 10 (1,47‘_298_ 6) >0.05

Abbreviations: CAA — chronic alcohol abuse, PT — prothrombin time, AST — aspartate aminotransferase, ALT — alanine
aminotransferase, ALP — alkaline phosphatase, GGT — gamma-glutamyltransferase, PTH — parathyroid hormone, LH —
luteinizing hormone, FSH — follicle-stimulating hormone, DHEAS — dehydroepiandrosterone sulfate.
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4.2. Hip osteodensitometry findings

Analysis of the covariance of the osteodensitometric parameters obtained on the hip showed
that there is a statistically significant difference in BMC and BMD in the intertrochanteric region,
while the T score was at borderline statistical significance (Table 17).

Although DXA findings of all investigated parameters, except intertrochanteric BMD, were
worse in patients with ALC compared to CAA, statistically significant differences were noted only
in intertrochanteric BMC (Table 18).

Comparing the DXA findings of patients with ALC and the control group, lower values of
all parameters were obtained in the examined group, but a statistically significant difference was
recorded only in intertrochanteric BMD and T score (Table 19).

Comparing patients who consumed alcohol excessively and healthy subjects, a statistically
significant difference was obtained only by analyzing BMC and BMD in the intertrochanteric
region, while lower values of T and Z scores were recorded in CAA, but not statistically significant
(Table 20).

Table 17. Comparison of the hip osteodensitometry findings

ALC gorup CAA group Control group Overall p

N Mean + SE N Mean + SE N Mean + SE value

BM((;‘)leCk 43 | 4.85+0.14 | 52 | 4924013 | 45 | 521+0.14 0.150

BMCI?S“rOCh 43 | 3280110 | 52 | 3820+1.02 | 44 | 3439=110 | 0.001

BM((;Otal 43 | 46.07+126 | 52 | 49.06+1.16 | 45 | 49.05+125 | 0.146

BMDneck | 43 | 083019 | 52 | 087£018 | 45 | 0884019 | 0.163
(g/em?)

BMDintertroch | 3 |y 052002 | 52 | 1072002 |44 | 116£002 | 0002
(g/cm”)

BMDrotal | 3 1 096002 | 52 | 098+002 | 45| 1.02£002 | 0130
(g/cm”)

LEESeIE 43 | -049+0.12 | 52 | -030+0.11 | 44 | -0.07+0.12 0.052

LiSEo 43 | -0.13+£020 | 52 | 0.08+0.11 | 45 | 023+0.12 0.107

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, BMC — bone mineral
contetnt, BMD — bone mineral density, intertroch — intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.87 kg/m2).
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Table 18. Comparison of the hip osteodensitometry findings between two investigated
groups

ALC gorup CAA group
N Mean + SE N Mean+SE | P value

BM((;I)mk 43 | 485+0.14 | 52 | 492013 | 1.000

BMCI?S““’Ch 43 | 3280110 | 52 | 3820102 | 0.001

BM((g:;(’tal 43 | 46.07+126 | 52 | 4906116 | 0249

BMDneck | 43 | 0834019 | 52 | 0874018 | 0432
(g/em’)

BMDmterztroch 43 1.08 = 0.02 52 1.07 £ 0.02 1.000
(g/cm’)

BMDrotal | 3 1 0962002 | 52 | 098£002 | 1.000
(g/cm’)

Tscore | 43 | L049=0.12 | 52 | -030+011 | 0777

Zscore | 43 | 013£020 | 52 | 0.08+0.11 | 0.642

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, BMC — bone mineral
contetnt, BMD — bone mineral density, intertroch — intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.87 kg/m2).

Table 19. Comparison of the hip osteodensitometry findings between ALC and control

group
ALC gorup Control group
N  Mean2SE | N  MeansSE | PV2U©
BM((;I)mk 43 | 485+0.14 | 45 | 521+0.14 | 0.199
BMCI?S““’Ch 43 | 32.80+1.10 | 44 | 3439+1.10 | 0925
BM((g:;(’tal 43 | 4607£126 | 45 | 49.05+£125 | 0.284
BMDneck |43 | 0834019 | 45 | 088+0.19 0.218
(g/cm’)
BMDmterztroch 43 1.08 +0.02 44 1.16 £ 0.02 0.011
(g/cm’)
BMDtotal 13 | 5961002 | 45 | 1.02£002 0.142
(g/cm”)
T score 43 | -049+0.12 | 44 | -0.07+£0.12 | 0.046
Z score 43 20.13+0.20 45 0.23+0.12 0.107

Abbreviations: ALC — alcoholic liver cirrhosis, SE — standard error, BMC — bone mineral contetnt, BMD — bone
mineral density, intertroch — intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.87 kg/m2).
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Table 20. Comparison of the hip osteodensitometry findings between CAA and control

group
CAA group Control group
N Mean+SE| N  Men+SE | PVvalue
BM((;*@Ck 52 | 4924013 | 45 | 521014 | 0392
BMCI?S““’Ch 2| 3820£1.02 | 44 | 3439£1.10 | 0.040
BM((g:;(’tal 2| 4906116 | 45 | 49.05£125 | 1000
BMDneZ:ck 57 0.87 +0.18 45 0.88+£0.19 1.000
(g/cm”)
BMDmterztroch 57 1.07 < 0.02 44 1.16 = 0.02 0.004
(g/cm’)
LD 52 | 0.98+0.02 | 45 | 1.02+0.02 0.538
(g/cm’)
Tscore | s) | 030+0.01 | 44 | -007+0.12 | 0489
Zseore | 5y | 008+0.11 | 45 | 023£0.12 | 1.000

Abbreviations: CAA — chronic alcohol abuse, SE — standard error, BMC — bone mineral contetnt, BMD — bone mineral
density, intertroch — intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.87 kg/m2).

4.3. Hip structural analysis

In order to determine more precisely the regions of the proximal end of the femur, which
have a higher risk of fracture, after the DXA, an HSA analysis was performed. Covariance analysis
showed that there are statistically significant intergroup differences in the comparison of ED, PD
and BR in the neck region, PD, ED, CSMI and SM of the intertrochanteric region and PD, ED,
CSA, CSMI, SM, BR on the femoral body shaft (Table 21).

Comparing the two examined groups showed that patients who excessively and actively
consumed alcohol had somewhat worse structual parameters of proximal femur, but a statistically
significant difference was found only in CSMI of the intertrochanteric region, BR neck region and
femoral shaft PD (Table 23 and 24).

Comparison of structual parameters of proximal femur of patients with ALC and healthy
controls did not show a statistically significant difference in any parameter in the neck and
intertrochanteric regions. ED and CSA of femoral shaft were statistically significantly worse in
patients with ALC, while femoral shaft BR was surprisingly worse in the control group (Table 25
and 26).

The largest number of differences in the structural parameters of the proximal femur was
found in the comparison of the CAA and control group, predominantly in the femoral shaft region
(PD, CSA, CSMI, SM), but differences were also found in the intertrochanteric (CSMI, SM) and
neck region (PD) (Table 27 and 28).

27



Table 21. Comparison of structural parameters of proximal femur with normal distribution

ALC gorup CAA group Control group Overall p
N Mean + SE N Mean + SE N Mean + SE value
Pl()cfr‘lf;’k 43 | 341+004 | 52 | 332004 | 44 | 346+004 | 0.043
PDir(fr’:)mCh 43 | 708012 | 52 | 6.68+0.11 | 44 | 703012 | 0.033
Eg‘;f;’k 43 | 3.02+0.05 | 52 | 2.89+0.04 | 44 | 3.05+0.05 0.037
EDi‘(‘é;“)mCh 43 | 536+0.12 | 52 | 4994011 | 44 | 537+0.12 | 0.030
C??r;f;k 43 | 329008 | 52 | 336008 | 44 | 351008 | 0.157
CSA(T;E;“)“OCI‘ 43 | 690£020 | 52 | 666=0.19 | 44 | 730020 | 0.072
Cs(lfrgjf‘:k 43 | 3164013 | 52 | 3.09+0.12 | 44 | 3474013 | 0.089
CSMiifr‘rtlﬁ;thh 43 | 2885146 | 52 | 23.65+£134 | 44 | 30.73+146 | 0.002
S?f;i‘):k 43 | 166006 | 52 | 171005 | 44 | 185+0.06 | 0.063
SMi(rfrigt)mCh 43 | 723039 | 52 | 641+£036 | 44 | 8.03+0.39 0.013
CThi(lltg)thh 43 | 0842003 | 52 | 085£003 | 44 | 081£003 | 0.693
C(fr};ﬁs 43 | 0714002 | 52 | 0.64+002 | 41 | 0684002 | 0.098
BRneck 43 | 10104033 | 52 | 8.99+031 | 44 | 947+033 0.054
BRintertroch | 43 | 4761018 | 52 | 449+0.16 | 44 | 5.02£018 | 0.099

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, PD — periosteal
diameter, ED — endocortical diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM —
section modulus, CTh — cortical thickness, BR — buckling ratio, intertroch — intertrochanteric, fs — femoral body shaft.
Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).
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Table 22. Comparison of structural parameters of proximal femur that did not follow normal

distribution.
N e N e N Comﬁiagﬁoup ozl
(Min-Max) (Min-Max) (Min-Max)
I(:?If; 43 (1.822?27.39) 32 (1.628?33.08) 41 (1.726'-3;66) 0.015
}(Eg)s 43 (0.205'-617.31) 32 (0.2%7589) 41 (0.203'-927.51) 0.022
((;csrl;f)s 43 (0.731'-247.17) 32 (2.33(5-3415.73) 41 (2.642?77.29) 0.002
C(ii\nq)f i 43 (0.716-?25.27) 32 (0.81(5?3§72) 41 (0.827-—378.69) 0.026
(Sclidngi 43 (0.719'-3 13.88) 32 (0.91(5-32().36) 41 (0.913'?54.34) 0.025
CT(?ESCk 43 (0.103'-2 10.30) 32 (0.1%-2 11.15) 44 (0.1(11'-201.31) 0.282
PR 43 (1.210?28.60) 32 (1.21(5-722.90) 41 (1.210'?31.20) 0.043

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, PD — periosteal
diameter, ED — endocortical diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM —
section modulus, CTh — cortical thickness, BR — buckling ratio, fs — femoral body shaft.

Table 23. Comparison of structural parameters of proximal femur with normal distribution
between two investigated groups.

ALC gorup CAA group
N MeanSE N Mean+SE p value
DS 43 341£004 | 52 3.32+0.04 0.303
(cm)
PDintertroch 43 708+0.12 52 6.68+£0.11 0.051
(cm)
B s 43 3024005 | 52 | 2894004 0.150
(cm)
EDintertroch 43 536+0.12 52 499+ 0.11 0.072
(cm)
CSAneck 43 | 329+008 | 52 | 3.36+0.08 1.000
(cm’)
CSA(‘?EgYOCh 43 | 690£020 | 52 |  666%0.19 1.000
CSMineck 43 | 3164013 | 52 | 3.09£0.12 1.000
(cm®)
CSMgér;i;trOCh 43 2885146 | 52 23.65 + 1.34 0.029
Einess 43 1.66+0.06 | 52 171 40.05 1.000
(cm’)
SM1nter3troch 43 7234039 52 6.41 +0.36 0.382
(cm’)
CThintertroch 43| 0844003 | 52 | 0854003 1.000
(cm)
(Gl 43 0.71£0.02 | 52 0.64 = 0.02 0.094
(cm)
LIS S 43 | 1010£033 | 52 8.99 = 0.31 0.048
BRintertroch 5\ 4761018 | 52 | 449+0.16 0.821

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, SE — standard error, PD — periosteal
diameter, ED — endocortical diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM —
section modulus, CTh — cortical thickness, BR — buckling ratio, intertroch — intertrochanteric, fs — femoral body shaft.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).
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Table 24. Comparison of structural parameters of proximal femur between two investigated
groups that did not follow normal distribution

ALC gorup CAA group
N Mean N Mean p value

(Min-Max) (Min-Max)
I(g?nf; 43 (1.822?27.39) >2 (1.628?33.08) 0.022
}(Eg)s 43 (0.205'-6 17.3 0 >2 (0.202.-7 15.89) 0.198
((;csrl;f)s 43 (0.731'-247. 17) >2 (2.33(5-3415.73) 0.967
C(ii\nq)f i 43 (0.716-?25.27) >2 (0.81(5-33§3.72) 0.092
(sxg; 43 (0.719'-3 13.88) >2 (0.91(5-32().36) 0.229
CT(?rrrlle)Ck 43 (0. 1032 10.30) >2 (0. 1062 11. 15) 0.485
. 43 (1.210'-528.60) >2 (1.21(5-722.90) 0.075

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, PD — periosteal diameter, ED —
endocortical diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM — section
modulus, CTh — cortical thickness, BR — buckling ratio, fs — femoral body shaft.

Table 25. Comparison of structural parameters of proximal femur with normal distribution
between ALC and control group.

ALC gorup Control group
N Mean £ SE N Mean + SE p value
HDIGHS 43 3414004 | 44 | 346+004 1.000
(cm)
PDintertroch 8 7084012 | 44 7.03 +0.12 1.000
(cm)
EIDICES 43 3.02£005 | 44 | 3.05£005 1.000
(cm)
EDintertroch 43 5.36+0.12 44 5.37+0.12 1.000
(cm)
Cishsnesis 43 3204008 | 44 3.51+0.08 0.180
(cm’)
CSA(lélrtggf“h 43 6.90£0.20 | 44 7.30+0.20 0.495
CSMineck 43 | 316013 | 44 | 347013 0.290
(cm®)
CSM&%?‘?“’Ch 43 | 2885146 | 44 | 30.73%146 1.000
oS 43 1662006 | 44 1.85+0.06 0.070
(cm’)
SM1nter3tr0ch 43 7.23 +0.39 44 8.03+0.39 0.449
(cm’)
CThintertroch 43 0.84 + 0.03 44 0.81 +0.03 1.000
(cm)
CThs 43 | 071£002 | 41 | 068+002 0.835
(cm)
BIRTES S 43 | 1010£033 | 44 9.47+0.33 0.544
BRintertroch 43 476+0.18 44 5.02+0.18 0.883

Abbreviations: ALC — alcoholic liver cirrhosis, SE — standard error, PD — periosteal diameter, ED — endocortical
diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM — section modulus, CTh —
cortical thickness, BR — buckling ratio, intertroch — intertrochanteric, fs — femoral body shaft.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).
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Table 26. Comparison of structural parameters of proximal femur between ALC and control
group that did not follow normal distribution

ALC gorup Control group
N Mean N Mean p value
(Min-Max) (Min-Max)
I(g?nf; 43 (1.822?27.39) 41 (1.726?;66) 0410
}(Eg)s 43 (0.205'-6 17.31) 41 (0.2%?251) 0.009
((;csrl;f)s 43 (0.731'-247.17) 41 (2.642?77.29) 0.003
C(ii\nq)f i 43 (0.716-?25.27) 41 (0.8%3?69) 0.239
(sxg; 43 (0.719'-3 13.88) 41 (0.915?;34) 0.095
CT(?rrrlle)Ck 43 (0.103'-210.30) 44 (0.1(2-2()1.31) 0.521
BRE 43 (1.210'-528.60) 41 (1.21(5?31.20) 0.017

Abbreviations: ALC — alcoholic liver cirrhosis, PD — periosteal diameter, ED — endocortical diameter, CSA — cross-
sectional area, CSMI — moment of inertia on the cross-section, SM — section modulus, CTh — cortical thickness, BR —
buckling ratio, fs — femoral body shaft.

Table 27. Comparison of structural parameters of proximal femur with normal distribution
between CAA and control group

CAA group Control group value
N Mean + SE N Mean + SE P
PDneck 52| 3324004 | 44 | 346+004 0.044
(cm)
PDintertroch 52 6.68 +0.11 44 7.03 +0.12 0.116
(cm)
EDneck 52 2.89 +0.04 44 3.05+0.05 0.051
(cm)
EDintertroch 52 4.99:+0.11 44 5.37+0.12 0.065
(cm)
Eoanis 52 3.36+0.08 44 3.51+0.08 0.546
(cm’)
CSA(lélrtggf“h 52 6.66+0.19 | 44 7.30+0.20 0.068
SR 52| 3.09£012 | 44 | 3474013 0.107
(cm®)
CSM&%?‘?“’Ch 52| 23654134 | 44 | 3073146 0.002
S 52 1.71+0.05 44 1.85 % 0.06 0.256
(cm’)
SMintertroch |55 |\ 6414036 | 44 | 8034039 0.010
(cm’)
CThintertroch 50 0.85+0.03 44 0.81+0.03 1.000
(cm)
CThis 52 0.64 % 0.02 41 0.68 + 0.02 0.973
(cm)
IS 52 | 899+031 | 44 9.47+ 033 0.913
BRintertroch | 5, | 4491016 | 44 | 5.02+0.18 0.097

Abbreviations: CAA — chronic alcohol abuse, SE — standard error, PD — periosteal diameter, ED — endocortical
diameter, CSA — cross-sectional area, CSMI — moment of inertia on the cross-section, SM — section modulus, CTh —
cortical thickness, BR — buckling ratio, intertroch — intertrochanteric, fs — femoral body shaft.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).
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Table 28. Comparison of structural parameters of proximal femur between CAA and control
group that did not follow normal distribution.

CAA group Control group
N Mean N Mean p value
(Min-Max) (Min-Max)

I()CIl?rﬁ 2 .628'?33.08) e .726.?;66) 0.012
}(Eg)s >2 (0.202'-7 15.89) 41 (0.2%?27.5 n | 0070
((:csr[r?zf)s >2 (2.3%-3415.73) 41 (2.642?77.29) 0.002
C(?:lr\n/g)fS 52 (0.810'-338.72) 4 (0.827'?78.69) 0.011
(Scll/lngi >2 (0.910'-320.36) 41 (0.915?;34) 0.009
CT(B;e)Ck >2 (0.1%-211.15) 44 (0.1(21'-201.31) 1.000
BRE 2 .21(i-722.90) Al .210'?31.20) 0.363

Abbreviations: CAA — chronic alcohol abuse, PD — periosteal diameter, ED — endocortical diameter, CSA — cross-
sectional area, CSMI — moment of inertia on the cross-section, SM — section modulus, CTh — cortical thickness, BR —
buckling ratio, fs — femoral body shaft.

4.4. Assessment of the risk of bone fractures

By analyzing patients with ALC and those who consume alcohol excessively, similar FRAX
values were obtained, but there is an evidently higher risk of major osteoporosis-related fractures as
well as of hip fractures compared to the control group (Table 29, 30 and 31).

Table 29. Comparison of FRAX score

ALC gorup CAA group Control group
N Mean N Mean N Mean Ozzig
(Min-Max) (Min-Max) (Min-Max) P
csteaporatie | 51 345 73 344 48 2.63 0.001
p p (1.80-5.90) (1.70-6.50) (1.30-5.20) ’
racture
FRAX hip 0.13 0.20 0.08

i UL 0000900 || 000-1.000 | ¥ (0.00-1.100 | <0001

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, FRAX — Fracture Risk Assessment Tool.
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Table 30. Comparison of FRAX score between two investigated groups

ALC gorup CAA group
N Mean N Mean p value
(Min-Max) (Min-Max)

pheiolll| . 345 73 344 1.000

P p (1.80-5.90) (1.70-6.50) '

racture
FRAX hip 0.13 0.20
i S 0000000 || 000-1.000 | %22

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, FRAX — Fracture Risk Assessment Tool.

Table 31. Comparison of FRAX score between ALC and control group

ALC gorup Control group
N Mean N Mean p value
(Min-Max) (Min-Max)
FRAX major
osteoporotic 51 343 48 2.63 0.003
(1.80-5.90) (1.30-5.20)
fracture
FRAX hip 0.13 0.08
Trit: U 0000000 | ¥ (0.00-1.10) | 9002

Abbreviations: ALC — alcoholic liver cirrhosis, FRAX — Fracture Risk Assessment Tool.

Table 32. Comparison of FRAX score between CAA and control group

CAA group Control group
N Mean N Mean p value
(Min-Max) (Min-Max)
FRAX major
. 3.44 2.63
ostfeoporotlc 73 (1.70-6.50) 48 (1.30-5.20) 0.001
racture
FRAX hip 0.20 0.08
fracture 73 (0.00-1.00) 48 (0.00-1.10) <0.001

Abbreviations: CAA — chronic alcohol abuse, FRAX — Fracture Risk Assessment Tool.

4.5. Osteodensitometry of lumbar spine

Analysis of covariance of the parameters obtained by DXA of the lumbar spine did not
indicate statistically significant differences in BMC and BMD, although lower values were recorded
in patients with ALC. However, the T score was statistically significantly the lowest in patients with
ALC in comparison with CAA and the control group. Furthermore, TBS stood out as the best
indicator of damaged bone microarchitecture. Patients with ALC had significantly lower TBS in
comparison with CAA and the control group (Table 33, 34, 35 and 36).
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Table 33. Comparison of the lumbar spine osteodensitometry findings

ALC gorup CAA group Control group Overall p
N  Mean+SE | N  Mean+SE | N  Mean+SE | Value

BM%gjpme 43 | 70.17+£257 | 51 | 7557+239 | 45 | 7487+255 | 0.257
BMDispine |3 1 0984002 | 51| 1042002 |45 | 103002 | 0.112
(g/cm?)

Tscorespine | 43 11032021 | 52 | -0.33£0.19 | 44 | 047021 | 0.039

£SCOTESPING | 43 | 064£021 | 51| -0.10£020 | 45 | -020£021 | 0.151

TBS 39 1.18 £0.02 52 1.28 £0.02 38 1.31 £0.02 <0.001

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, BMC — bone mineral contetnt, BMD —
bone mineral density, TBS — trabecular bone score.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).

Table 34. Comparison of the lumbar spine osteodensitometry findings between two
investigated groups

ALC group CAA group

p value
N Mean + SE N Mean + SE
BMESP‘“G 43 | 70.17+2.57 | 51 | 75.57+2.39 0.377
BMDispine 3 1 0982002 | 51| 1.04£002 | 0159
(g/em?)

T score spine 43 21.03+021 52 -0.33+0.19 0.044

ZSCOTeSPINe | 43 | 0641021 | 51 | -0.10+0.20 0.198

= 39 | 1184002 | 52 | 1.28=002 0.004

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, BMC — bone mineral contetnt, BMD —
bone mineral density, TBS — trabecular bone score.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).
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Table 35. Comparison of the lumbar spine osteodensitometry findings between ALC and
control group

ALC gorup Control group alue
N Mean + SE N Mean + SE R
BM((:gipme 43 | 70174257 | 45 | 74874255 | 0584
BMD s;;lne 43 0.98 + 0.02 45 1.03 £0.02 0.290
(g/cm?)

Tscorespine |3 | 103021 | 44 | -047+021 0.185

ZSCOTESPING | 43 | 0644021 | 45 | -020=021 | 0425

B 39 | 1184002 | 38 | 1314002 | <0001

Abbreviations: ALC — alcoholic liver cirrhosis, BMC — bone mineral contetnt, BMD — bone mineral density, TBS —
trabecular bone score.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).

Table 36. Comparison of the lumbar spine osteodensitometry findings between CAA and
control group

CAA group Control group value
N Mean + SE N Mean + SE P
BM((:gipme 51 | 75574239 | 45 | 74874255 | 1.000
BMDspne 15y 1y 040002 | 45 | 1032002 | 1.000
(g/cm’)

T score spine 59 2033+0.19 44 047 +021 1.000

Z score spine 5 20.10+0.20 45 020+ 021 1.000

g 52 | 1284002 |38 | 1314002 0.597

Abbreviations: CAA — chronic alcohol abuse, BMC — bone mineral contetnt, BMD — bone mineral density, TBS —
trabecular bone score.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
26.84 kg/m2).

4.6. Bone turnover biomarkers

Intergroup analysis of bone turnover biomarkers indicated statistically significant
differences in the comparison of B-CTX, OPG, RNKL/OPG ratio and IGF-1 (Table 37).

By comparing the two examined groups, statistically significantly higher values of B-CTX
and OPG were obtained in patients with ALC, while there were no significant differences in other
parameters (Table 38).

In the comparison of ALC with the control group, statistically significantly different values
were obtained for all parameters except RANKL (Table 39).
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Post-hoc analysis of CAA and the control group showed that the synthesis of IGF-1 was
statistically significantly lower in patients with CAA, and the RANKL/OPG ratio was also reduced

(Table 40).

Table 37. Comparasion of bone turnover biomarkers

Overall
ALC gorup CAA group Control group 5l
B-CTX N 6202.10 £ N N 422412 +
(pg/mL) 31 437.96 39 2819.23 £ 390.46 24 497.75 <0.001
OPG N N N
Carsl) 30 391.88 +£19.48 27 309.58 +£20.54 24 252.59+21.73 | <0.001
RANKL N 2584 N 2737 N 2701.79 =~ 0.05
(pg/mL) 30 (1171-5657) 27 (1408-4980) 24 (1408-7900) '
RANKL/OPG | N 7.65 N 7.80 N 11.28 0.003
ratio 30 (1.43-21.02) 27 (3.27-23.50) 24 (5.11-27.49) '
IGF-1 N 38.60 N 35.31 N 52.72 <0.001
(ng/mL) 30 | (23.97-122.90) |27 | (24.21-136.30) |24 | (31.30-233.50) '

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, -CTX — beta-C-terminal telopeptide,
OPG - osteoprotegerin, RANKL — receptor activator of nuclear factor kappa beta ligand, IGF-1 — insulin-like growth

factor 1.

Data with a normal distribution are reported as Mean + standard error, while data that did not follow normal distribution
are presented as Mean (Min-Max).

Table 38. Comparasion of bone turnover biomarkers between two investigated groups

Overall
ALC gorup CAA group 5 vl
B-CTX N N
Gl 31 6202.10 = 437.96 39 2819.23 +390.46 | <0.001
OPG N N
fostl) 30 391.88 +£19.48 27 309.58 +20.54 0.014
RANKL N 2584 N 2737 = 0.05
(pg/mL) 30 (1171-5657) 27 (1408-4980) '
RANKL/OPG | N 7.65 N 7.80 0.502
ratio 30 (1.43-21.02) 27 (3.27-23.50) '
IGF-1 N 38.60 N 35.31 0.660
(ng/mL) 30 | (23.97-122.90) |27 | (24.21-136.30) '

Abbreviations: ALC — alcoholic liver cirrhosis, CAA — chronic alcohol abuse, B-CTX — beta-C-terminal telopeptide,
OPG - osteoprotegerin, RANKL — receptor activator of nuclear factor kappa beta ligand, IGF-1 — insulin-like growth

factor 1.

Data with a normal distribution are reported as Mean + standard error, while data that did not follow normal distribution
are presented as Mean (Min-Max).
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Table 39. Comparasion of bone turnover biomarkers between ALC and control group

Overall
ALC gorup Control group el
B-CTX N N
Goygall) 31 6202.10 £ 437.96 24 4224.12+£497.75 | 0.011
OPG N N
ol 30 391.88 +£19.48 24 252,59 £21.73 | <0.001
RANKL N 2584 N 2701.79 - 0.05
(pg/mL) 30 (1171-5657) 24 (1408-7900) '
RANKL/OPG | N 7.65 N 11.28 0.003
ratio 30 (1.43-21.02) 24 (5.11-27.49) '
IGF-1 N 38.60 N 52.72 0.001
(ng/mL) 30 | (23.97-122.90) |24 | (31.30-233.50) '

Abbreviations: ALC — alcoholic liver cirrhosis, B-CTX — beta-C-terminal telopeptide, OPG — osteoprotegerin, RANKL
— receptor activator of nuclear factor kappa beta ligand, IGF-1 — insulin-like growth factor 1.

Data with a normal distribution are reported as Mean + standard error, while data that did not follow normal distribution
are presented as Mean (Min-Max).

Table 40. Comparasion of bone turnover biomarkers between CAA and control group

Overall
CAA group Control group vl
B-CTX N N
Gosinll) 39 2819.23 +390.46 24 4224.12 +497.75 | 0.087
OPG N N
Gl 27 309.58 £20.54 24 252.59+21.73 0.182
RANKL N 2737 N 2701.79 - 0.05
(pg/mL) 27 (1408-4980) 24 (1408-7900) '
RANKL/OPG | N 7.80 N 11.28 0.004
ratio 27 (3.27-23.50) 24 (5.11-27.49) '
IGF-1 N 35.31 N 52.72 <0.001
(ng/mL) 27| (24.21-136.30) |24 | (31.30-233.50) '

Abbreviations: CAA — chronic alcohol abuse, -CTX — beta-C-terminal telopeptide, OPG — osteoprotegerin, RANKL —
receptor activator of nuclear factor kappa beta ligand, IGF-1 — insulin-like growth factor 1.

Data with a normal distribution are reported as Mean + standard error, while data that did not follow normal distribution
are presented as Mean (Min-Max).
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4.7. Analysis of patients with ALC classified according to the Child Pugh classification

The study included 17 patients who were in Child Pugh A stage, 16 were Child Pugh B and
12 Child Pugh C stage. A statistically significant difference was verified in terms of BMI, while
there was no difference in the analysis of age, height and weight. We made an adjustment for BMI,
and we present the results of DXA and HSA obtained in this way.

As expected, the synthetic and excretory function of the liver weakened with the progression
of liver cirrhosis, and the worst values were recorded in patients in the Child Pugh C stage.
Hepatogram analysis showed that the value of AST was statistically significantly lowest in patients
in the terminal phase of liver cirrhosis, while the other parameters (ALT, ALP and GGT) did not
differ. Vitamin D values were reduced in all three analyzed groups, while at the same time there was
no negative feedback response, and PTH values were within the reference value, but with a trend of
decreasing from Child Pugh stage A to C. Osteocalcin values decreased with the progression of liver
failure, but a statistically significant difference was recorded only between stage A and C. The
analysis of sex hormones showed a statistically significant difference only in the values of total
testosterone, whose value was lower with the progression of liver insufficiency, and DHEAS, whose
value was the highest in Child Pugh stage C (Table 41).

Contrary to expectations, DXA of the hip showed the worst results in patients in Child Pugh
stage A, while a statistically significant difference was reported only in total BMC and neck BMD
(Table 42).

The analysis of structural parameters of proximal femur is based on the findings obtained by
osteodensitometry, and in the Child Pugh stage A compared to the stage B group, statistically
significantly lower values of CSA, SM and CTh in the area of the femoral neck were verified, while
there was no significant difference in all other parameters (Table 43).

Osteodensitometry of the spine did not show statistically significant differences according to
Child-Pugh stages (Table 44).

Bone turnover biomarkers were not statistically significantly different in ALC patients in
different stages of liver insufficiency according to the Child Pugh classification (Table 45).
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Table 41. Comparison of laboratory parameters of patients with ALC according to Child
Pugh classiffication

Stage A Stage B Stage C Overall
Mean = SE Mean = SE Mean + SE | p value el Rl R
PT (s) 1427+1.65 | 17.39+2.00 | 22.73+3.88 | <0.001 | 0.003 | <0.001 | <0.001
Flb(ré‘/lffen 325+099 | 251+£0.92 | 2.05+083 | 0004 | 0076 | 0004 | 0.610
Albumin (2/L) | 3947+ 1.16 | 35.06+1.20 | 30.83£1.38 | <0.001 | 0034 | <0.001 | 0.077
Total bilirubin | 17, 1153 (54041188 2303F | <0001 | 0.135 | <0.001 | 0.055
(umol/L) : ' : ' 13.72 : ' ' :
Direct bilirubin 52.03 +
(unol/L) 771+£820 | 32.73 +8.46 10,40 0.005 | 0.119 | 0.005 | 0.459
(‘%?E) 3424+740 | 42.50+£7.63 | 81.33+8.81 | 0.001 1.000 | 0.001 0.005
(‘i}% 27.24+465 | 28.06+4.80 | 42.50+554 | 0082 | 1.000 | 0122 | 0.166
ALP 115.47 + 103.13 = 141.92 +
(UL) 12.75 1315 1518 0.162 | 1.000 | 0568 | 0.180
GGT 126.59 + 80.50 + 78.67 +
(UL) 26.98 27 81 912 0399 | 0723 | 0.779 1.000
Ca 235+0.04 | 235+0.04 | 221+005 | 0.055 1.000 | 0.099 | 0.089
(mmol/L)
2+
e 1274002 | 128+0.02 | 123+002 | 0341 1.000 | 0540 | 0.584
(mmol/L)
I 1.15£0.07 | 1.04+£0.07 | 1.05+008 | 0492 | 0.825 1.000 1.000
(mmol/L)
Vitkoniin [0 41.07+5.06 | 22.59+541 | 27.28+6.75 | 0.047 | 0052 | 0333 1.000
(nmol/L)
LI 4494+ 631 | 38074672 | 32.18+7.85 | 0445 | 1.000 | 0.638 | 1.000
(pg/mL)
OSEE‘;EI)CIH 21.07+3.08 | 19.94+288 | 992+332 | 0.036 1.000 | 0.055 | 0.084
Testosteron |\ o) | 550 | 18034220 | 9724246 | 0027 | 1.000 | 0056 | 0.047
total (nmol/L)
Testosteron |y 7 139 | 5914123 | 1.8841.50 | 0.141 | 1.000 | 0610 | 0.154
free (nmol/L)
Estradiol 161.00 + 166.71 + 181.22 +
(pmol/L) 30.05 27.82 34.70 0.905 1.000 1.000 1.000
LH
(lU/mL) 916+155 | 589+144 | 552+1.79 | 0217 | 0396 | 0403 1.000
FSH 1118 £2.50 | 9284240 | 640+289 | 0465 | 1.000 | 0.660 | 1.000
(mIU/mL)
IDIETEAS 250+£1.69 | 341+153 | 971+2.07 | 0029 | 1.000 | 0038 | 0.067
(umol/L)
SR 7428 +588 | 72.36+5.44 | 5938+720 | 0250 | 1.000 | 0357 | 0.480
(nmol/L)

Abbreviations: SD — standard deviation, PT — prothrombin time, AST — aspartate aminotransferase, ALT — alanine
aminotransferase, ALP — alkaline phosphatase, GGT — gamma-glutamyltransferase, Ca — calcium, Ca?* — ionized
calcium, P — phosphorus, PTH — parathyroid hormone, LH — luteinizing hormone, FSH — follicle-stimulating hormone,
DHEAS — dehydroepiandrosterone sulfate, SHBG — sex hormone binding globulin.
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Table 42. Comparison of the hip osteodensitometry findings of patients with ALC according
to Child Pugh classiffication

Stage A

Stage B

Stage C

Overall

1 Avs.B | Avs.C | Bvs.C
Mean + SE | Mean+ SE | Mean+ SE | P Value
BMér)‘eCk 4504026 | 535+028 | 5.05+031 | 0.097 | 0.118 | 0495 | 1.000
BMCintertroch 3091 + 37.08 £ 32.81 +
o s oo e 0.086 | 0.085 | 1.000 | 0.475
BMCtotal | 4319+ | 5188+ | 4685+
o o s o 0.030 | 0026 | 0.718 | 0450
BMDneck | 76 . 0.04 | 0932004 | 0864004 | 0012 | 0012 | 0.199 | 0815
(g/cm?)
BMDintertroch |y 3, 04 | 1.15+0.05 | 1.12£005 | 0.154 | 0223 | 0503 | 1.000
(g/cm?)
BMDrotal = 11 003 | 1.03+0.04 | 0.99+0.04 | 0059 | 0068 | 0399 | 1.000
(g/cm?)
T score -0.80+ -0.03 + -0.27+
oo ol e 0.061 | 0076 | 0337 | 1.000
Z score ; %“;})i 0.37+0.23 | 0.02+0.24 | 0.055 | 0.056 | 0.534 | 0.944

Abbreviations: SE — standard error, BMC — bone mineral contetnt, BMD — bone mineral density, intertroch —

intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was

27.37 kg/m2).
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Table 43. Comparison of structural parameters of proximal femur of patients with ALC
according to Child Pugh classiffication.

Stage A Stage B Stage C Overall
Mean + SE | Mean < SE | Mean +SE | p value Avs.B | Avs.C | Bvs.C
Pl()crr‘lf;’k 339+0.09 | 350+£0.10 | 346+0.11 | 0.712 | 1.000 | 1.000 | 1.000
PDlr(lzﬁr’:)rOCh 6.84=0.18 | 7.48+0.20 | 7.15+022 | 0.089 | 0.089 | 0.830 | 0.867
I(’gg 2.07+0.03 | 207+0.04 | 209£0.04 | 0.843 | 1.000 | 1.000 | 1.000
Ea‘;f;’k 3.02+0.10 | 3.05£0.11 | 3.06+£0.12 | 0.974 | 1.000 | 1.000 | 1.000
ED“(‘(E;“)“’Ch 5244020 | 5524023 | 534+024 | 0.674 | 1.000 | 1.000 | 1.000
1(323 0.73+0.07 | 0.610.08 | 0.60+0.09 | 0422 | 0.887 | 0.772 | 1.000
C??r;lf;k 3.00+0.14 | 3.73+0.15 | 3.48+0.17 | 0.005 | 0.005 | 0.093 | 0.852
CSA(lélrtrfg“’Ch 6.51+0.37 | 7.77+041 | 710045 | 0.108 | 0.111 | 0940 | 0891
ffrfr?zf)s 3244017 | 347+0.19 | 3254021 | 0.654 | 1.000 | 1.000 | 1.000
Cs(ll’[rgjf"k 2904020 | 3.51+£022 | 3524024 | 0.063 | 0.155 | 0.141 | 1.000
CSMlIintertroch |  26.66 + 33.40 + 31.09+
fincr 0 540 Sos | 0222 | 0297 | 079 | 1.000
iilr\n/[})fs 14020.08 | 1.51£0.08 | 1.52£0.09 | 0.503 | 1.000 | 0.900 | 1.000
erfr‘;‘;k 1.53£0.08 | 1.86+0.09 | 1.75+0.09 | 0.023 | 0.027 | 0220 | 1.000
SM‘(rfriﬂt)rOCh 6.91+0.56 | 8.05+0.62 | 7.66=0.67 | 0392 | 0579 | 1.000 | 1.000
SMfs
- 132£0.05 | 140+0.05 | 1374006 | 0.524 | 0.833 | 1.000 | 1.000
CT(BES"I‘ 0.18£0.01 | 0.23+0.01 | 020£0.01 | 0.022 | 0.018 | 0.591 | 0.442
CThl(‘ltg)t“’Ch 0.80+0.05 | 0.95+0.05 | 0.83£0.06 | 0.146 | 0.165 | 1.000 | 0.504
CThfs
- 0.67+0.04 | 0.74+0.04 | 0.77+0.05 | 0207 | 0700 | 0.284 | 1.000
BRneck 1%5;9; 9.27+0.86 | 9.74+093 | 0368 | 0.558 | 1.000 | 1.000
BRintertroch 1 5 4g 4029 | 4114032 | 4734035 | 0.116 | 0119 | 1.000 | 0.659
BRfs
1.66+0.09 | 1.49+0.10 | 1.46+0.10 | 0259 | 0.634 | 0430 | 1.000

Abbreviations: SE — standard error, PD — periosteal diameter, ED — endocortical diameter, CSA — cross-sectional area,
CSMI — moment of inertia on the cross-section, SM — section modulus, CTh — cortical thickness, BR — buckling ratio,
intertroch — intertrochanteric, fs — femoral body shaft.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was
27.37 kg/m2).
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Table 44. Comparison of the lumbar spine osteodensitometry findings of patients with ALC
according to Child Pugh classiffication

Stage A

Stage B

Stage C

Overall

Mean £ SE | Mean + SE | Mean + SE | p value AR ARG BN C
BMC spine | 64.75 % 81.07 71.85 +
o e o el 0.152 | 0.164 | 1.000 | 0.937
Bﬁzg’;)ne 0.96+0.05 | 1.04+0.06 | 1.02+0.06 | 0534 | 0915 | 1.000 | 1.000
T score spine -1.22+ -0.46 -0.67 £
e gt o 0553 | 0934 | 1.000 | 1.000
Z score spine -0.76 £ -0.02+ -035+
e e sl 0.593 | 0956 | 1.000 | 1.000
TBS 1184004 | 1204005 | 1.17+0.05 | 0888 | 1.000 | 1.000 | 1.000

Abbreviations: SE — standard error, BMC — bone mineral contetnt, BMD — bone mineral density, intertroch —

intertrochanteric.

Data were BMI-adjusted to avoid the covariant effect on the study results (BMI value appearing in corrected model was

27.37 kg/m2).

Table 45. Comparison of bone turnover biomarkers of patients with ALC according to Child
Pugh classiffication

Mset;r%i IEE Miffi P;E Mi?figE ngﬁ Avs.B | Avs.C | Bvs.C
(g—{;iii) 56731 187857 + 698‘;%})1; 6285320%8; 0499 | 0731 | 1.000 | 1.000
(p(g)/I;r(l}L) 3%;65 = 41157‘; + ij;?é 0.293 | 1.000 | 1.000 | 0.364
lé)/;}jn% 233%67-.572 & 253;%3‘; + 3‘;2620683’; 0.363 | 1.000 | 0.481 | 1.000
(igii) 417-.7781 - 3886522 + 33)"%? 0.918 | 1.000 | 1.000 | 1.000

Abbreviations: SE — standard error, B-CTX — beta-C-terminal telopeptide, OPG — osteoprotegerin, RANKL — receptor
activator of nuclear factor kappa beta ligand, IGF-1 — insulin-like growth factor 1.

42




S. DISCUSSION

The systemic changes that develop in liver cirrhosis also affect the skeleton. Osteopenia and
osteoporosis that develop over time increase the risk of fractures, which leads to a greater number
of hospitalizations and surgical interventions, what in patients with liver cirrhosis have a
significantly higher risk compared to the healthy population (166). Special attention should be paid
to eventual fractures of the vertebrae, considering that one third are asymptomatic, while fractures
of the femoral neck occur much less often compare to vertebrae, and average 10 years after the
fracture of the vertebrae (167). In addition, the health of the skeletal system has probably the
greatest impact on the quality of life in general. For this reason, all people who have some risk
factors, which certainly include liver cirrhosis and excessive alcohol consumption, need to be
examined in a timely manner in order to detect changes in time and prescribe adequate therapy for
prevention bone fractures (166).

Epidemiological studies show that the prevalence of osteoporosis in patients suffering from
liver cirrhosis is significantly higher than in the general population and, according to different
authors, ranges from 12% to even 75% (168,169). Of particular concern is the fact that, depending
on the etiology and stage of the liver disease, 7% to 40% of patients experience some vertebral
and/or non-vertebral fracture. The changes in the bones of these patients prove that there is damage
to both the trabecular and cortical component of the bones, as well as a disruption of the
microarchitecture (27,170). Moreover, if hypogonadism is pronounced, which is a common finding
in patients with liver cirrhosis, especially alcoholic etiology, bone fractures regardless of trauma
intensity are even more frequent and reach as much as 71% (171).

It is confirmed that alcohol is a risk factor per se by studies conducted on patients who
consume alcohol excessively and do not have cirrhosis (52). Consuming large amounts of alcohol
has a damaging effect on bone at many different levels. First of all, the degree of differentiation of
stem cells into osteogenic lineage cells decreases (172). In addition, alcohol has a direct toxic effect
on osteocytes and osteoblasts with a consequent increase in osteoclast activity, which leads to a
decrease in BMD (173). Furthermore, alcohol has a harmful effect on both trabecular and cortical
bone, significantly disrupting bone microarchitecture (173). Of particular concern is the fact that
alcohol in larger quantities blocks bone regeneration after a fracture (174). It was found that in
comparison with people who do not consume alcohol, drinking three or four standard alcoholic
drinks per day significantly increases the risk of hip fracture (relative risk 1.33 and 1.59
respectively) (175). However, previous studies have not fully examined the influence of different
types of alcoholic beverages, since it is assumed that the non-alcoholic component has an important
role in the eventual protective effect on the bones. So far, it is known that flavanoids have a positive
effect on numerous organ systems, including bones, since they promote the proliferation of
osteoblasts and suppress the differentiation of osteoclasts (106). With their antioxidant effect, they
reduce the synthesis of pro-inflammatory cytokines, and consequently the expression of RANKL
(176). In this regard, it was concluded that people who drink red wine, which contains the highest
concentration of flavanoids, has a lower risk of hip fractures (177).

In addition to the usual risk factors, poor prognostic signs in patients with liver cirrhosis are:
older age, malnutrition, sarcopenia and low BMI, history of previous fracture, cholestasis,
hyperbilirubinemia, iron and copper accumulation, use of drugs that affect bone loss (169). Once a
fracture occurs, a special challenge is the choice of technique that will be used to repair the fracture.
Although surgical techniques and the equipment used are constantly advancing, in patients with
liver cirrhosis, in addition to poor bone quality, the challenge is also the inability to heal adequately,
which results in an increased rate of infections. Prolonged recovery significantly disturbs the quality
of life and affects the increased mortality rate of these patients (134,169). In this regard, although
vertebral fractures are much more common, hip fractures, due to the fact that they are mostly solved
surgically, have a higher risk of death (178). Studies conducted in Taiwan (179) and Denmark (180)
on a large series of patients with hip fractures confirm that patients with liver cirrhosis had a
significantly higher number of complications in the form of infection, sepsis, osteomyelitis, urinary
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tract infections, as well as peptic ulcers. In addition, a significantly higher mortality rate was
demonstrated in patients with liver cirrhosis within one month, 3 months, as well as in the first year
after the fracture. These studies clearly points to the great importance of timely diagnosis of bone
changes, in order to prescribe adequate therapy, because if a fracture occurs, the degree of
complications and the risk of death are significantly higher in patients with liver cirrhosis.

Alcohol per se is a major risk factor, while numerous authors agree that nutritional
deficiency is one of the main causes of secondary osteoporosis in patients with liver cirrhosis
(33,34). In order to focus on these two investigated risk factors for the occurrence of secondary
osteoporosis, we excluded women from our study, in order to homogenize the sample as much as
possible.

The etiology of liver disease significantly affects the degree of manifestation of bone
changes. Most of the studies dealt with cholestatic forms of liver disease, at the first place primary
biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC), but also liver cirrhosis caused
by viral hepatitis (181,182). In recent years, because of the application of new antiviral therapy, the
number of these patients has been significantly reduced (183). Due to the sedentary lifestyle, but
also the increasing use of alcohol, the most common factors of cirrhosis worldwide are fatty liver
disease and alcohol. In some parts of the world, the prevalence of alcoholic liver cirrhosis is as high
as 80% of all cirrhosis. In almost all regions of the world, an increase in the number of patients with
alcoholic liver cirrhosis is recorded, and the highest increase was noticed in the United Arab
Emirates and amounted to 863.93% (184). There is a need to pay special attention to the skeletal
health of these patients and it is the best demonstrated by the fact that 39.4% of them have
osteoporosis (86).

Some studies promote BMI as a factor affecting BMD, so patients with liver cirrhosis and
BMI less than 18 had significantly lower BMD values compared to healthy ones, while in patients
with BMI greater than 24 there was no statistically significant difference in BMD (185). The
mentioned data could explain the fact that in our both study groups was obtained no significant
difference for the hip and lumbar spine BMD (BMI > 25 in all groups), considering that we
excluded patients with verified pathological fractures. In our sample, the hip T score indicated that
osteopenia (- 2.5 < T score < 1.0) was verified in 12 patients with ALC, 21 patients in CAA group,
while there were 5 patients in the control group who had osteopania. There were no patients with
hip osteoporosis (T score < 2.5) in all three groups. However, although examination of the lumbar
spine showed 6 patients with osteoporosis and 16 with osteopenia, according to T score, in ALC
group, and 5 patients with osteoporosis and even 27 with osteopenia in CAA group, while in the
control group there were no patients with osteoporosis, and 16 had osteopenia, the inter group
comparison did not establish a statistically significant difference. Nevertheless, the results of the
TBS analysis show that the vertebal micro-architecture was disturbed in ALC group.

The analysis of laboratory parameters in our study showed the expected results in terms of
weakened synthetic and excretory liver function in patients with alcoholic liver cirrhosis. The mean
values of vitamin D in all groups were below the referent value, with statistically significantly lower
values recorded in both examined groups compared to the control group. The lack of vitamin D
combined with expected reduced concentration of albumin to which calcium binds, explains the
significantly lower calcium values in ALC compared to CAA and the control group. In response to
decreased calcium values, an increased concentration of phosphorus was observed in both
investigated groups. It is known that calcium plays a very important role in the body and that its
concentration in the serum is strictly controlled by numerous mechanisms. As the priority is to
preserve the concentration of calcium in the serum, if hypocalcemia occurs for any reason, calcium
will be withdrawn from the bones, which weakens mineralization (186). Also, due to the reduced
values of vitamin D and calcium, it was expected that a calcium — PTH negative feedback loop
would be activated. However, contrary to expectations, significantly lower PTH values were
recorded in both investigated groups compared to the control. The mechanism that leads to this in
patients with alcoholic cirrhosis is not known, while some studies present evidence that alcohol
transiently and reversibly affects the reduction of PTH secretion (86,187). Special attention should
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be paid to vitamin D level and bone mineralization in patients who are candidates for liver
transplantation. It was proven that almost 90% of them have reduced vitamin D values. In the same
study, 36% of patients had vertebral fractures, some of whom had multiple fractures. In ALC, 32%
of patients have vitamin D values below 20 ng/mL, which are recorded as the disease progresses
(188,189). In addition, the elevated value of ALP in patients with liver cirrhosis can be related to
vitamin D deficiency (190), which is consistent with our results. Numerous studies confirm that low
levels of vitamin D and PTH, poor nutrition along with hypogonadism, are the main reasons for
disturbed bone metabolism (187,191).

Normal concentration and activity of sex hormones is necessary for adequate functioning of
the entire organism. Their influence on the skeletal system is extremely important also. The best
indicator are the changes that occur in postmenopause, when physiologically the concentration of
estrogen decreases, and consequently primary osteoporosis develops. The same happens in men
with hypogonadism for any reason (192,193). Testosterone is synthesized in Leydig cells. The
whole process is regulated by the hypothalamic—pituitary—testicular (HPT) axis. GnRH synthesized
in the hypothalamus stimulates the secretion of LH from the pituitary gland, which controls the
secretion of testosterone. DHEAS synthesized in the adrenal gland after conversion to testosterone
may also contribute to androgenic effects to a small extent. Testosterone has a great influence on the
whole organism. It acts on: brain (raises libido and mood), bones (increases BMD), male sexual
organs (positively affects penile growth, spermatogenesis and prostate growth and function),
muscles (increase in strength and volume), skin (body hair growth, male pattern balding, sebum
production), metabolism (increased lipolysis, reduction of insulin resistance), bone marrow
(stimulation of red blood cell production, possible suppression of immune system) (194).

The basic mechanism of osteoporosis is an increase in the activity of osteoclasts and at the
same time a decrease in the activity of osteoblasts. In addition to the direct harmful effect of alcohol
on bones in the form of suppressed formation, which is proven by reduced osteocalcin values and
bone biopsies in alcoholics, it has been proven that alcohol also leads to hypogonadism. However,
the described changes are reversible and after establishing stable abstinence, bone recovery occurs
(53,143,195). Preserved liver function is of crucial importance for the normal metabolism of sex
hormones. Gynecomastia occurs when there is an imbalance and a predominance of estrogen in
relation to androgens (196). As liver failure progresses, there is a further decline in testosterone
levels and the development of sarcopenia, bone changes, loss of male sexual characteristics and
anemia. In this regard, testosterone can be used as a prognostic parameter in liver cirrhosis,
independent of the MELD score (197). Furthermore, sarcopenia, which develops in patients with
liver cirrhosis, among other things, due to testosterone deficiency, is also a prognostic parameter
and its progression indicates an increased risk of mortality (198). Because of its importance, some
studies have been conducted examining testosterone replacement. Testosterone replacement in
hypogonadal patients has been shown to increase BMD with enhanced bone formation (199,200).
However, due to its toxicity even when administered transdermally, instead of oral administration,
and a proven slightly higher risk for the development of hepatocellular carcinoma, its substitution
did not enter the official guidelines (201). Testosterone can exert its effect directly or after
aromatization into estradiol which also has a major impact on BMD (194,199). Androgen receptors
to which testosterone binds have been verified in rat models on osteoblasts with the function of
stimulating bone formation, but also on osteoclasts with the function of inhibiting resorption (199).
SHBG is produced in the liver and binds testosterone with extremely high affinity. Also, albumin
binds testosterone with a slightly lower affinity so that only 2% of total testosterone can be found in
the circulation in free form (194).

In some studies has been proven that women who consume light to moderate amounts of
alcohol have a higher concentration of estrogen. Considering that estrogen has a protective effect on
bones and is a strong regulator of adequate bone turnover, it is clear that its higher concentration
affects the increase of BMD in both women and men (58,202).

The results of our study confirm that there is an adequate negative feedback response to low
testosterone levels, given that the values of LH and SHBG in both examined groups were
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significantly higher compared to the control group. However, despite the decreased concentration of
albumin in patients with ALC, there is a significant decrease in the concentration of the free fraction
of testosterone due to the increased secretion of SHBG. The level of estradiol was higher in both
examined groups, but no statistically significant difference was found in comparison with the
control group.

Numerous studies have examined BMD in patients with liver cirrhosis and in people who
consume alcohol. In our study it has been shown that the intertrochanteric part of the femur was the
most affected by the changes, because significantly lower BMD values were recorded there
compared to the control group, while BMD neck and BMD total femur were not significantly
different in the examined and control groups. Also, similar BMD spine values were recorded in all
three groups. However, the literal data are very heterogeneous. While some studies show that hip
BMD was worse in patients with ALC (86,203), others support the fact that there was no significant
difference in the compared groups (190). The situation is similar with spine BMD, where some
authors conclude that lower BMD was observed in ALC (86,190,203), while in some examined
groups there was no difference compared to the control (204). When it comes to the effect of
alcohol on BMD, studies generally agree on the harmfulness of using excessive amounts (205),
while a small dose of alcohol can have a protective effect (105). People who consume up to two
standard alcoholic drinks per day have better BMD at both the lumbar spine and hip compared to
non-drinkers, while those who consume only one alcoholic drink have better BMD values only at
the femoral neck (175). Another study did not find a statistically significant difference between
people who consume more than 30 g of alcohol per day and those who consume up to 19 g of
alcohol per day in terms of lumbar, femur neck, and total femur BMD, although lower values were
obtained in people who consumed larger amounts of alcohol. In addition, BMD has been shown to
increase at most sites in light to moderate drinkers compared to non-drinkers, and then decrease
when the amount exceeds 30 g of alcohol per day (206). The inconsistency of the obtained results
could possibly be explained by the different methodology of the conducted studies. The reasons can
be diverse, from the heterogeneity of the examined and control groups, insufficient number of
participants, not classifying according to etiology and stage of liver disease, gender, age, different
definitions of light, moderate and heavy alcohol consumption (51,86,121,203,207). Also, adequate
adjustment of the results is of crucial importance for their interpretation. The best example of this is
the study conducted by Zheng et al (185). The obtained results for the entire sample indicated
significantly lower values of hip and spine BMD in ALC compared to the control group. After
adjusting for sex, identical results were obtained in women, while in men only a significant
difference in hip BMD was maintained. If the groups are stratified by age, significantly worse
values of both hip and spine BMD of patients over 60 years of age are observed, while there was no
difference in people under 40 years of age. Alcohol, as an etiological factor, carried a higher risk of
developing osteoporosis (185). A study conducted on rats confirms that after constant exposure to
alcohol, although there was no significant decrease in BMD, a reduced presence of collagen in the
femoral neck trabeculae was verified, which can significantly increase bone fragility (208). Apart
from the usual predilection sites of fractures, some authors examined the fragility of other bones as
well. It was found that the changes can be verified in patients with ALC and on the radius, but they
were somewhat more pronounced on the tibia (209).

It is known that patients who are on the waiting list for a liver transplantation must be in
stable abstinence from alcohol. However, prior excessive alcohol consumption did not correlate
with BMD at the time of DXA, and they also had, contrary to expectations, fewer vertebral
fractures compared to patients who did not consume alcohol (120). The explanation could be the
fact that among the patients who are on the waiting list for a liver transplantation, and who did not
consume alcohol, there are a large number of those who basically have an autoimmune disease that
was previously treated with corticosteroids, which are a major risk factor for the occurrence of
osteoporosis and consequently bone fractures. Therefore, a more precise selection of the patients
included in the study is needed in order to examine the influence of individual risk factors in the
best possible way.
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Considering that BMD analysis shows inconsistent results on the basis of which we cannot
fully assess the risk of potential fractures, there is a need to analyze other parameters that could
better assess bone fragility. One of them is TBS, which best describes bone microarchitecture.
Studies show that TBS is decreased in 35% of patients with liver cirrhosis and that TBS correlates
best with pathological vertebral fractures. In comparing TBS with other parameters, a positive
correlation with BMD and a negative correlation with age and BMI were found (41). Our results are
consistent with literal data (41), considering that TBS was decreased in both examined groups, but a
statistically significant difference was found only in the comparison of ALC and the control group.

Special attention is drawn to patients with pathological femoral fractures who did not have
decreased BMD. For this reason, there was a need for further testing to verify additional parameters
that affect bone fragility (61). In order to more accurately determine the potential fracture site,
osteodensitometry parameters, as well as the geometry of the proximal femur, can be determined in
several regions, most often the neck, intertrochanteric region and shaft of the femur. A study
conducted on patients who consumed alcohol excessively (patients with or without cirrhosis) proves
that the results in individual regions can differ significantly. While compared to the control group,
DXA and HSA parameters did not differ in the intertrochanteric part, a difference was verified in
the region of the femoral neck, considering that patients with alcoholic liver disease had
significantly lower BMD and CSA values (210). Also, in the group of patients with ALC, decreased
values of BMD, CSA and CTh of the intertrochanteric region were obtained. The same study proves
that the microarchitecture of the trabecular and cortical components of the bone is most damaged in
the intertrochanteric region (210). However, observed results are not consistent with some other
studies, while one study indicate an altered microarchitecture predominantly in the region of the
narrow neck (121), the another one verified significantly thinner cortex and lower ability to resist
compression forces in intertrochanteric segment (210). The reliability of the obtained HSA results
based on DXA was checked in several studies by comparison with the parameters obtained by
quantitative computed tomography. It was found that the HSA results obtained on DXA were
comparable and consistent with the findings obtained on CT and high-resolution quantitative CT
(211,212).

Our results showed that the HSA changes in the examined patients were most pronounced in
the femoral shaft region, while some parameters were changed in the intertrochanteric and femoral
neck region. Osteoporotic fractures are caused by both cortical thinning and trabecular bone loss.
The highest BR value in the region of the femoral neck was recorded in patients with ALC. As one
of the main indicators of cortical stability, it indicates that the neck of the femur in these patients
could be the predilection site of the fracture. CSA was decreased in patients in both studied groups,
but statistical significance was recorded only in femoral shaft CSA. The lowest value of CSMI in all
three regions, as a parameter of distribution of mass in relation to the center of bending, was
recorded in CAA without cirrhosis. SM, as an indicator of the bending resistance of the bone, was
decreased in patients with ALC and CAA in all three regions, but statistical significance was
recorded only in the comparison of SM intertrochanteric and femoral shaft between CAA and the
control group, which represent a greater risk of fracturing in these patients.

The FRAX score was created so that people with an increased risk of hip fracture or other
major osteoporotic fracture could be recognized in time to start their treatment. Our results prove
that patients with ALC as well as CAA without cirrhosis have a significantly higher risk of
pathological fracture in the next 10 years and are in line with the data from the literature (161,213).
In order to obtain the most reliable data, the score contains 11 parameters plus DXA results, which
on the other hand makes it quite complex. Inadequate cooperation of respondents, as well as
insufficient knowledge of certain parameters required for analysis, can make it difficult to obtain
conclusive data. Consuming 3 or more standard alcoholic drinks is considered an isolated risk
factor. A study conducted in Australia confirms that each patient consuming more than 30 g of
alcohol per day, had elevated both fractions of the FRAX score (161). Due to its high negative
predictive value for values over 6.6% (for major fracture without BMD) it could also be used in the
selection of patients who need DXA (214). In order to achieve the best possible prediction of
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potential fractures, numerous studies were conducted on various parameters that could further
improve the FRAX score. It was found that adjusting the FRAX score according to TBS could
improve its predictive power (49).

Tissue sampling and its pathohistological analysis are very often the best way to establish
any final diagnosis. It is similar with the changes that occur in the bones where histomorphometry
could be applied. Computer-assisted microscopic analysis of bone tissue, obtained by iliac crest,
femoral neck and vertebras, enables direct insight into the degree of bone formation and
remodeling, as well as the microarchitectural structure of the bone (215,216). However, the
procedure itself, as well as the obtained results, have numerous drawbacks. An invasive procedure
that involves taking biopsies of a potentially osteoporotic fragile bone can be complicated by a
fracture or possibly an infection. Then, the obtained sample of the iliac bone does not necessarily
reflect the state of other bones, especially microarchitecture. Also, there is a lack of a three-
dimensional view that gives a complete picture of the state of the skeleton. Because of all of the
above, bearing in mind the high cost of the procedure and the risk of complications, without
obtaining absolutely conclusive results, non-invasive methods of examination of the skeletal system
are used much more often (217).

One of the non-invasive ways to assess the bone condition is the analysis of serum
parameters of bone turnover. Due to the fact that bones are constantly undergoing a remodeling
process, bone homeostasis is very complex and possible only if there is an adequate balance
between formation and degradation. Osteocalcin is one of the well-known parameters of bone
formation. It is produced in osteoblasts, and in the serum it is mostly in the carboxylated form
(218). Osteocalcin has a circadian rhythm with the highest serum concentration at midnight and
around noon (219). However, laboratory tests for the analysis of osteocalcin are adapted for blood
sampling in the early morning hours, after an overnight fasting (220). It is excreted by the kidneys.
As an indicator of bone formation, osteocalcin is elevated several months after a fracture, but also in
hyperthyroidism (221). Apart from its role in bone formation, it has been proven that osteocalcin
has a significant effect on the functionality of 3 other hormones: it increases the secretion of insulin
by influencing the stimulation of pancreas B-cell proliferation (222), increases the secretion of
adiponectin from adipocytes what reduces insulin resistance and finally (222), it increases the
secretion of testosterone from the Leydig cells (223). In addition, it has been proven that it passes
the bloodbrain barrier and that it can inhibit the production of y-aminobutyric acid (GABA) at the
level of the striatum and hippocampus while simultaneously stimulating the production of
serotonin, dopamine and norepinephrine (224). A study conducted on mice proved that osteocalcin
reduces anxiety and depression levels while increasing memory and learning abilities (225). In
patients with liver cirrhosis, osteocalcin is decreased in 85% of cases (121). In our study,
osteocalcin was decreased in both investigated groups, but no statistical significance was
determined in comparison ALC and CAA patients with the controls. The reason could be the fact
that patients with fractures were initially excluded.

Telopeptides of type 1 collagen are the most studied biomarkers of bone resorption.
Depending on the cross-link forming site they differ: carboxy-terminal crosslinked (CTX-1 or -
CTX) and amino-terminal crosslinked (NTX-1). Both are produced by collagen degradation (226).
Apart from the diagnostic importance, B-CTX can also be important for monitoring the effect of
therapy in patients with osteoporosis receiving bisphosphonates (227). It is interesting to note that
eating can affect the reduction of serum B-CTX levels, so blood sampling must be done in the
morning after an overnight fast. Also, as it is excreted by the kidneys, its concentration in the urine
can be determined. However, more reliable values are obtained by determining the blood
concentration because the need for correction according to creatinine excretion is avoided
(228,229). CTX coluld be transformed into 4 isoforms through the process of racemization and
isomerization: the native form (4-L) and three age-related forms which are an isomerized form (a-
L), a racemized form (4-D) and an isomerized/racemized (a4-D) form. It is known that an increased
aCTX/aCTX ratio can be an indicator of increased bone turnover. The mentioned situation is
characteristic of Paget's disease or bone metastases and in postmenopausal women with rapid bone
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loss (230). ELISA, radioimmunoassay (RIA) and electrochemiluminescence assay are different
models for determining the concentration of B-CTX. The use of specific antibodies for the
determination of a-CTX fragments proved to be a reliable method considering that the obtained
results correlate with bone loss and fracture risk (231). Our previous study showed that 37% of
patients with liver cirrhosis had elevated f-CTX levels (121). Similar results were obtained in other
studies in which it was concluded that B-CTX values were higher in patients with liver cirrhosis
compared to the control group (232,233). On the other hand, analyzing B-CTX values as one of the
main parameters of bone resorption, it is concluded that mild to moderate alcohol consumption has
a suppressive effect on bone resorption (234). If we analyze the values of osteocalcin and B-CTX in
the subjects in our study, we conclude that in patients with ALC the dominant process of bone
damage was increased resorption, with relatively preserved formation, bearing in mind that
statistically significantly higher values of B-CTX were obtained compared to CAA and the control
group, while osteocalcin values did not differ significantly. On the other hand, in people who
consume alcohol excessively, there was no significant difference in both investigated parameters
compared to healthy controls.

A study conducted on women who consume alcohol in moderation confirms its protective
effect on bones, since lower concentrations of NTX, PTH, and osteocalcin were verified, on the
basis of which it is concluded that in this case there was a decrease in bone turnover. Furthermore,
after the cessation of alcohol intake, the concentration of all mentioned markers increases
(114,235).

The concentration of IGF-1 is conditioned by numerous parameters. It depicts the specific
connection between bone metabolism and liver function, given that it is produced to the greatest
extent by hepatocytes, but also by numerous other cells, including osteoblasts (236). By binding to
one of the 6 potential regulatory proteins, its function can be suppressed or enhanced. Finally, the
acid labile subunit is responsible for the long half-life of IGF-1 in serum (237). In one animal study
it has been proven that mice in which the concentration of IGF-1 is decreased have a dominantly
reduced BMD of the cortical bone (238,239). Furthermore, mice in which the secretion of IGF-1
from the liver was suppressed, which reduces the total concentration by 75%, had significantly
reduced periosteal circumference and CSA, only 6% shorter femur, while cortical bone BMD was
lower by 26%, with spared trabecular bone (236). In addition to the direct effect on bones, it was
found that the expression of RANKL was also reduced in these mice (240). Some studies (241)
have examined the effect of treatment with recombinant human IGF-1 (rthIGF-1) in children with
GH resistance and consequent IGF-1 deficiency. Although the benefit in the form of increased bone
mass has been proven, the application of rhIGF-1 was not included in the official recommendations
due to the accompanying side effects of the therapy, in the form of hypoglycemia and
hypophosphatemia. It is known that with aging, as well as in liver failure, there is a decrease in the
production of IGF-1 (190,237,242). In addition, reduced concentrations of IGF-1 are recorded in
people who drink large amounts of alcohol (more than 150 g per day) for a long period of time
(243). In our study we found significantly lower concentracion of IGF-1 in patients with ALC as
well as in CAA compared to healthy controls.

The RANKL-RANK-OPG connection is crucial for understanding the development of the
osteoporosis process (128). Apart from bones, RANK and RANKL can be expressed in numerous
other cells, with a particularly important role in the activation of the immune system through T
cells. In vitro studies have proven that RANKL affects the stimulation of antigen presentation in T
cells by prolonging the life of dendritic cells (244). Studies conducted on mice have proven that T
cells are key mediators in the process of osteoporosis. Athymic mice lacking T cells were found to
be protected from bone loss. In this regard, it is concluded that chronic inflammation is of great
importance for the development of osteoporosis. Considering that liver cirrhosis is a state of chronic
inflammation in which proinflammatory cytokines are produced, it is clear that these patients are
more susceptible to the development of osteoporosis (131,245). Increased concentration of IL-6 in
liver cirrhosis directly and indirectly promotes osteoclastogenesis. In addition to directly
influencing osteoclast activation, it stimulates osteoblasts to synthesize RANKL, which in turn

49



leads to osteoclast activation (130,132). Also, one of the most potent cytokines from the IL-1
family, which contains 11 different pro-inflammatory cytokines, is IL-1p, which is proven to be a
significant stimulant of osteoclastogenesis and enhanced bone resorption (246). The described
relationship is confirmed by studies conducted on mice, which proved that knockout mice have
increased BMD of the femur, as well as better trabecular and cortical bone findings (247).

Apart from osteoblasts, OPG can be synthesized in numerous other cells (heart, kidney, liver
and spleen) (128). Studies on mice have shown that B cells in the bone marrow are the main ones
for the synthesis of osteoprotegerin, since B cell-deficient mice have pronounced osteoporosis
(128). The importance of OPG is reflected in the fact that binding to RANKL stops the process of
osteoclast activation. It has been proven that in patients with juvenile Paget's disease who had
homozygous partial deletions of the OPG gene, there is a significantly higher rate of bone loss with
an increased risk for pathological fractures (128).

Numerous studies have investigated RANKL and OPG as well as their relationship. Our
results show that the highest OPG values were recorded in ALC and those were statistically
significant compared to CAA and the control group. Patients who consumed alcohol excessively
also had higher OPG values compared to the control group, but without a statistically significant
difference. Many studies confirm the results of our study, considering that despite elevated OPG
values in patients with liver cirrhosis, significantly elevated RANKL values were not verified
(248,249). In addition, it was proven that OPG values were significantly higher in patients with
liver cirrhosis compared to patients with chronic liver disease without cirrhosis (249). Elevated
OPG values are also verified in patients who consume alcohol excessively (248). The main reason
for the aforementioned increase in OPG values in patients with ALC and CAA is increased bone
resorption that occurs as a result of chronic inflammation (250). However, data from the literature
are not consistent. In patients with liver cirrhosis, elevated RANKL values can be verified along
with decreased OPG values, which results in an increased RANKL/OPG ratio. As a consequence of
the growth of the mentioned ratio, there is increased osteoclastogenesis (251,252). An increased
value of RANKL does not have to be a consequence of increased osteoclastogenesis, but can also be
interpreted as a consequence of increased activity of osteoblasts. On the other hand, its reduced
concentration indicates low bone turnover, which results in increased bone fragility (253).

Cirrhosis of the liver, a condition in which the liver is irreversibly damaged, is a risk factor
for osteoporosis and pathological fractures. The degree of liver failure and the cause of cirrhosis are
the main risk factors for bone changes. The largest number of studies were conducted on patients
who are on the waiting list for liver transplantation, given that the state of bone metabolism is of
exceptional importance both before and after transplantation (254). However, numerous studies
have not confirmed that the degree of liver failure, which is defined according to the Child Pugh
stages or MELD score, correlates with osteoporotic changes in the bones and/or the presence of
fractures (121,209). This is supported by a study that highlights a significant difference between the
BMD of the lumbar spine and femoral neck of patients with liver cirrhosis compared with healthy
ones, while there was no difference in the comparison of patients classified according to the Child
Pugh criteria or MELD score (255). Our results are in accordance with the mentioned literal data,
considering that statistically significantly lower values of neck BMD and total BMC were recorded
in patients in Child Pugh stage A. In addition, the analysis of the structural parameters of the
proximal edge of the femur showed statistically significantly lower values of CSA, SM and CTh in
the area of the neck in the Child Pugh stage A compared to the stage B group, while there was no
significant difference in all other parameters.

A study examining BMD using quantitative computed tomography did not indicate a
significant difference according to the stage of liver disease through the Child Pugh classification
(256). However, some published studies confirm that advanced liver cirrhosis increases the risk of
pathological fractures (41), and that MELD score negatively correlate with total hip BMD (120).
Also, it was noted that the level of osteocalcin was lower in patients with Child Pugh B and C
stages of cirrhosis (121). In our study, a drastic decrease in the value of osteocalcin was recorded in
the terminal phase of liver failure. Considering that IGF-1 is mostly synthesized in the liver, the
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weakening of the liver synthetic function leads to a decrease in its synthesis, so studies have
confirmed that the concentration of IGF-1 is negatively correlated with the MELD score, INR and
spleen size, while it is positively correlated with albumins (257,258). In addition, some studies
showed that IGF-1 values less than 30 ng/mL represent a negative prognostic parameter and have a
high risk for death in the next 6 months (259), while the 3-month survival in those with values less
than 13 ng/mL is only 63.1% (260). The results of studies examining OPG and RANKL values and
liver insufficiency are not consistent. Some authors verify a positive correlation of OPG with total
bilirubin, AST, ALP, GGT and CRP, with a negative correlation with serum calcium, albumin,
hemoglobin and platelets (249). On the other hand, the degree of liver insufficiency of ethylic liver
cirrhosis did not affect OPG values (250). All 4 examined bone markers in our study (IGF-1, B-
CTX, OPG and RANKL) did not differ according to the degree of liver insufficiency. Based on the
obtained results, as well as data from the literature, it is concluded that liver cirrhosis per se
significantly affects bone metabolism, regardless of the degree of liver insufficiency.
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6. CONCLUSION

The results of our study confirm that in patients with alcoholic liver cirrhosis and
people who consume alcohol excessively, bone changes occur even before pathological
fractures occur.

Osteodensitometry confirms a significantly lower BMD value in the intertrochanteric
region of patients with ALC and CAA. Significantly the lowest value of T score on the hip
was recorded in patients with ALC. A comparison of the two examined groups showed that
ALC patients had significantly lower intertrochanteric BMC values. Osteodensitometric
parametars on lumbar spine showed significant differences in the T score and TBS.

A comparison of the two examined groups showed that CAA patients had the worse
structural parameters of proximal femur, but a statistically significant difference was found
only in intertrochanteric CSMI and femoral shaft PD. HSA of proximal femur of patients
with ALC and healthy controls showed that ED and CSA of femoral shaft were statistically
significantly worse in patients with ALC. Comparison of CAA and control group showed
that the most sensitive part of the femur was the shaft of patients who consume alcohol
excessively. We verified significantly worse results in PD, CSA, CSMI and SM in CAA
group, which all together makes the bone more fragile.

The FRAX score risk of major osteoporosis-related fractures, as well as hip
fractures, was clearly higher in both study groups compared to the control group.

Significantly higher B-CTX and OPG values were recorded in patients with ALC,
while IGF-1 and the RANKL/OPG ratio were decreased. At CAA, reduced IGF-1 and
RANKL/OPG ratio were verified.

The analysis of patients with ALC classified through the degree of liver insufficiency
according to Child Pugh criteria did not indicate significant differences, and it is concluded
that the dominant bone damage occurs during the process of development of liver cirrhosis.

In order to prescribe adequate therapy on time, it is necessary to create a specific
algorithm that predicts patients with an increased risk of pathological fractures as
comprehensively as possible.
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obpasay usjase o aymopcmsy

H3jaBa o0 ayTOopCcTBY

Wme v npe3sume ayTopa: Musow lityauh

Bpoj unpekca bC-01/15

H3sjaB/byjem

Jla je JOKTOpPCKa AvcepTalyja oj HacJI0BOM:

K/JIMHUYKY OKa3aTe/bU MPONa/iakhba KOUITAHOT TKHUBA y aJIKOXOJIHO] IIMPO3H jeTpe U XpPOHUYHOM
aJIKOX0JIM3My 6e3 Lupo3e

® pe3yJTaT CONCTBEHOT UCTPAKUBAYKOT pajia;

e JlaAucepTalyjay LieJMHU HU y [leJIOBHMa HUje OWJia Npe/ijlo>KeHa 3a CTULlambe Apyre
JUILJIOMe IpeMa CTY/AUjCKUM IporpaMMuMa Jpyrux BUCOKOIIKOJICKUX YCTAaHOBA;

e Jlacy pe3yJiITaTHU KOPEKTHO HaBeJleH! U

e Jla HACaM KpLIKO/J1a ayTOPCKa IpaBa U KOPUCTHO/J1a UHTeJIeKTYyalHy CBOjUHY JPYTUX
JIALA.

IloTniuc ayTopa

Y Beorpapgy, 23.05.2024.




06pasay usjase o ucmMosemMHocMU WMAMNAHE U e1eKMPOHCKe 8ep3uje dJOKmMopckoz paoa

H3jaBa 0 HCTOBETHOCTHU LITAMIIAHE U eJIEKTPOHCKE Bep3Hje JOKTOPCKOT
paza

Hme v npe3sumMe ayTopa: Musioun llltyaunh

Bpoj ungekca: bC-01/15

CTyaujcky nporpaM: 6M0JIoTHja cKeJieTa

HacnoB paaa: KAnHWYKY MoKa3aTe/by OPOMaiatha KOUITAHOT

TKHBA V aJKOX0JHO] IUPO3U jeTPe U XPOHUYHOM aJKOXOJHU3IMY

0e3 1Mpo3e

MenTopu: [Ipod. 1p Hophe hynaduh u [Mpod. ap JlaHujesa

‘houuh

H3sjaB/byjeM [fa je wwTaMIlaHa Bep3Uja MOT JOKTOPCKOI paZia UCTOBETHA eJIEKTPOHCKO)]
BEP3UjU KOjy caM IpeAao/sna pajyd MoxpamkbuBama y [JUrHTA/IHOM Peno3uTOPHjyMy
Yuusep3surtera y beorpaay.

Jlo3Bo/baBaM Ja ce obGjaBe MOjU JIMYHU NOJALU Be3aHU 3a J0OHjamke aKaJeMCKOT Ha3uBa
JIOKTOpa HayKa, Kao LITO Cy UMe U Ipe3uMe, T0JIMHAa U MeCcTO pohemwa U AaTyM oJibpaHe paja.

OBM JIMYHU [OJALM MOTY Ce 006jaBUTH HAa MpPEXHUM CTpaHHILLaMa JUTUTa/IHe OHUOJINOTEKeE, Y
eJIEKTPOHCKOM KaTaJsIoTy U y ybJ/iMKanujamMa YHuBep3uTeTa y beorpaay.

IloTiuc ayTopa

Y Beorpaay, 23.05.2024.




obpasay usjase o kopuwherby

U3jaBa 0 kopuurthemwy

OBnauthyjeM YHuBep3uTeTcKy 6ubauoreky ,CBeto3ap MapkoBuh“ pa y /JlururtanHu
peno3suTopujyM YHUBep3uTeTa y beorpazy yHece MOjy AOKTOPCKY AUCEpPTALUjy MOJ,
HACJIOBOM:

K/iMHMYKY noka3aTes/bU IponaZiakha KOWTAHOT TKMBA Y aJIKOX0JIHOj IIUPO3H jeTpe U
XPOHUYHOM aJIKOX0JIU3MY 6e3 Iupo3e,

KOja je MOje ayTOPCKO JeJIo.

JucepTanujy ca CBUM NpUI03UMa NpeJiao/ia caM y eJIeKTpOHCKOM ¢opMaTy NOTOJLHOM 3a
TPajHO apXUBUpPaAKE.

Mojy AOKTOpCKY fJUcepTalujy NoXpawmeHy y JJUTUTaJlHOM PEeNo3UTOPUjyMYy YHUBEp3UTeTa
y beorpasgy ¥ LOCTYyNHY y OTBOPEHOM INPUCTYIy MOTY Ja KOPUCTE CBU KOjU MOLUTYjYy
oApenbe cajpxkaHe y opabpaHoMm Ttuny JuneHue KpeatuBHe 3ajennune (Creative
Commons) 3a Kojy caM ce oAJ1y4ro/na.

1. AytopctBo (CC BY)
2. AytopctBo - HekoMepuujaiHo (CC BY-NC)
@AyTopCTBo - HeKoMepI1MjasHo — 6e3 npepaza (CC BY-NC-ND)
4. AyTOpCTBO — HEKOMEPILMjaIHO — AeJIUTU oA uctuM ycaoBuma (CC BY-NC-SA)
5. AytopcTtBo - 6e3 npepaza (CC BY-ND)
6. AyTopcTBO - JesuTH noj uctum ycaosruma (CC BY-SA)

(MosinMo fja 3a0Kpy»KUTe caMo jeJIHY 0/ LeCT NOHYyHeHUX JIULeHL .
KpaTak onuc JiMlLleHIIU je cacTaBHU [JIe0 OBe M3jaBe).

IloTiuc ayTopa

Y Beorpapgy, 23.05.2024.




