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Abstract

Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as a systemic condition affecting
extrahepatic organs, including bone. Alterations in bone metabolism may occur early in the disease course. This
study aimed to evaluate the diagnostic and prognostic relevance of selected bone metabolism markers
osteocalcin, C-terminal telopeptide of type | collagen (CTX), and fibroblast growth factor 23 (FGF23) in
NAFLD patients. A case-control study was conducted involving 45 NAFLD patients and 45 age-, sex-, and
body mass index-matched healthy controls. Serum levels of osteocalcin, CTX, and FGF23 were measured using
ELISA. The degree of hepatic steatosis was assessed by ultrasonography, while fibrosis risk was evaluated using
the FIB-4 index. Statistical analyses included ROC curve analysis, correlation, and group comparisons. NAFLD
patients showed significantly lower osteocalcin and higher CTX and FGF23 compared with controls (p <
0.001). ROC analysis revealed strong diagnostic accuracy for osteocalcin (AUC = 0.976, sensitivity 97.8%,
specificity 86.7%), CTX (AUC = 0.894, sensitivity 91.1%, specificity 93.3%), and FGF23 (AUC = 0.922,
sensitivity 97.8%, specificity 84.4%). While these markers correlated with liver enzymes and fibrosis indices,
they were not significantly associated with steatosis or fibrosis severity. In conclusion, alterations in osteocalcin,
CTX, and FGF23 suggest a metabolic link between liver and bone. These markers may serve as promising non-
invasive diagnostic biomarkers for NAFLD, but larger studies with histological validation are needed.
Keywords: Non-alcoholic fatty liver disease (NAFLD), Hepatic fibrosis, CTX, FGF23, Osteocalcin

Introduction identified to be associated with NAFLD; including
Non-alcoholic fatty liver disease (NAFLD) genetic, demographic, environmental, clinical, and

. . S i (3-7) H i
also referred to as metabolic associated fatty liver dietary factors *". The exact mechanism behind

disease (MAFLD), is a condition marked by the NAFLD is not fully described; yet it involves

buildup of excess fat in 5% or more of hepatocytes factors_ sugh as ff”m?e an_d calpr_lc _mtak_e,
excluding other identifiable causes, including alterations in gut microbiota, lipotoxicity, insulin

excessive alcohol intake, viral hepatitis, certain
medications (such as methotrexate, steroids,
amiodarone, and tamoxifen), and inherited or
acquired disorders like Wilson's disease and
lipodystrophy @, It includes a range of liver
disorders, from simple steatosis to non-alcoholic
steatohepatitis (NASH). NAFLD is frequently
linked to metabolic syndrome and conditions like
obesity, type 2 diabetes mellitus (T2DM), and
dyslipidemia, making it increasingly prevalent due
to the rising global rates of these disorders. The
global prevalence of NAFLD has increased more
than 50% in the last thirty years, rising from 25.3%
during the period 1990-2006 reaching up to 38.0%
during 2016-2019 @, Several risk factors have been

resistance (IR), oxidative stress, and inflammatory
processes®. Chronic steatohepatitis transforms
hepatic stellate cells into myofibroblasts, which
results in hepatic fibrosis. The prognosis of liver
fibrosis significantly increases the risk of severe
complications, including cirrhosis, hepatic failure,
hepatocellular carcinoma, and death ©10),

Liver biopsy as the gold standard for
accurate assessment of fibrosis stage in NAFLD
patients; however, number of non-invasive
techniques have been developed for assessment of
hepatic fibrosis, including transient elastography,
the fibrosis index based on 4 factors (FIB-4) index,
the aspartate aminotransferase/alanine
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aminotransferase (AST/ALT) ratio, the AST to
platelet ratio index (APRI), and the NAFLD
Fibrosis Score  (NFS) are widely validated and
recommended tests due to their low cost and ease
of access in routine clinical practice 19,

The liver serves as the central hub of the
body's metabolic processes interacting with other
tissues, including the bones, through the secretion
of hormones and metabolic signaling molecules @4
18),  Osteoporosis or diminished bone mineral
density (BMD) is a common complication of many
types of chronic liver diseases, such as cholestatic
liver disease, viral hepatitis and NAFLD @7, There
is a significant body of evidence suggesting a
detrimental effect of NAFLD on BMD (820,
NAFLD often accompanies several metabolic
abnormalities like obesity, IR, and dyslipidemia
@D, These metabolic disorders can interfere with
bone metabolism and subsequently leading to
reduced BMD. Obesity can increase bone
resorption and decreasing bone formation due to
the mechanical stress directed on bones ??. IR and
dyslipidemia can lead to disturbance of the balance
between bone resorption and formation, and hence
leading to negative impact on bone health ?3 24,
Additionally, chronic inflammation and oxidative
stress that are associated with NAFLD can
deteriorate bone health. The inflammatory
cytokines such as interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-a) can mediate bone
resorption and in the same time inhibiting bone
formation @®. While, oxidative stress that is
characterized by imbalance in reactive oxygen
species (ROS) and the antioxidant defenses of
NAFLD patients; thus, impairing bone remodeling
and reducing BMD @6 27, Alterations in adipokine
serum levels in NAFLD, particularly adiponectin
and leptin that are known to affect bone remodeling
may also negatively impacting bone metabolism
@8), Furthermore, liver dysfunction in NAFLD
patients can interfere with vitamin D metabolism
and resulting in lower calcium absorption and

utilization that further compromising bone health
(29)

Several bone metabolism markers have been
studied to assess bone density changes in the
course of NAFLD @9, Osteocalcin that reflects
bone formation has been shown to be decreased in
chronic liver dysfunction @Y. Furthermore, C-
terminal telopeptide of type | collagen (CTX), a
sensitive marker of bone resorption, has potentially
linked to systemic inflammation in NAFLD ©2,
Additionally, fibroblast growth factor 23 (FGF23),
which regulates phosphate and vitamin D
metabolism has been proposed to represent a
metabolic bridge between hepatic and skeletal
dysfunction ©3,
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While several studies have assessed bone
density changes in NAFLD, few have
simultaneously evaluated the diagnostic potential
of osteocalcin, CTX, and FGF23 as non-invasive
biomarkers of early NAFLD in an Iraqi population,
with  careful exclusion of  confounding
comorbidities. This study aimed to assess the
diagnostic relevance of osteocalcin, CTX, and
FGF23 in NAFLD patients and to explore their
potential as indicators of early metabolic crosstalk
between bone and liver.

Materials and Methods

This case-control study was conducted from
November 2024 to February 2025 at the
Gastroenterology and  Hepatology  Teaching
Hospital in Medical City, Baghdad, Iraq. This
hospital is a large tertiary referral hepatology
center, where NAFLD is a common diagnosis;
participants were drawn from ongoing outpatient
visits. Ninety participants were recruited in the
study; 45 NAFLD patients diagnosed based on
ultrasonography by an expert gastroenterologist
according to the European Association for the
Study of the Liver (EASL) criteria®, and 45
subjects who were age-, sex-, and BMI-matched to
the NAFLD patients, and were apparently healthy
to serve as the control group. EASL criteria for the
diagnosis of NAFLD include evidence of hepatic
steatosis demonstrated by imaging techniques
(including abdominal ultrasonography), serum
biomarkers/scores or histology; with the exclusion
of secondary causes of hepatic fat accumulation,
excessive alcohol intake, and other competing liver
diseases 4. With 45 patients per group, the study
had >80% power to detect medium effect sizes
(Cohen’s d > 0.6) at a = 0.05. The recruited
subjects were adult and of both sexes; verbal
consent was obtained from each participant after
being informed about the purpose of the study and
the expected benefits. Subjects with the following
conditions were excluded from the study: a history
of secondary osteoporosis (e.g., hyperthyroidism,
chronic kidney disease, and malignancies), the use
of medications known to affect bone metabolism
(e.g., corticosteroids, bisphosphonates, hormone
replacement therapy) within the last 3 months,
alcohol  consumption, presence of chronic
inflammatory diseases (e.g., rheumatoid arthritis,
systemic lupus erythematosus) that may affect bone
metabolism, pregnant or lactating women. Severe
cardiovascular disease, dyslipidemia, and diabetes
patients were also excluded to explore early, non-
complicated NAFLD rather than advanced
metabolic syndrome-related disease. Participants
were informed about the purpose of the study;
verbal consent was obtained from each participant
before enrollment in the study.
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A total of six milliliters of blood was
collected from each participant. One milliliter was
placed in an ethylenediaminetetraacetic acid
(EDTA) tube for platelet counting using a
hematology autoanalyzer (Sysmex XP-300; Japan).
The remaining blood was placed in a gel tube and
allowed to coagulate for 15 minutes before being
centrifuged at 4000 rpm for 15 minutes to obtain
serum. Approximately 1 milliliter of the serum was
used to measure AST and ALT levels directly with
COBAS 311 automated analyzer (Roche
Diagnostics, Switzerland). The leftover serum
sample was stored at —20 °C until it was needed for
measuring osteocalcin, CTX, and FGF23 levels
using enzyme-linked  immunosorbent  assay
(ELISA) (Huma Reader HS, Human; Germany)
with the corresponding human ELISA Kits obtained
from (ELK Biotechnology; USA).

The severity of steatosis in NAFLD patients,
assessed  through  B-Mode  transabdominal
ultrasound, is categorized as follows: Mild when
there is a diffuse increase in fine echoes in the liver
parenchyma compared to the kidney cortex, with
normal visualization of the diaphragm and
intrahepatic vessel borders; Moderate when there is
a diffuse increase in fine echoes with slight
impairment of the visualization of intrahepatic
vessels and diaphragm; and Marked when there is
a significant increase in fine echoes with poor or no
visualization of the intrahepatic vessel borders,

diaphragm, and the posterior right lobe of the liver
(35)

To assess the risk of hepatic fibrosis in
NAFLD patients, FIB-4 index was calculated based
on the following equation ©9):;

Age (years) * AST (U/L)

Platelet count (1079 /L) * /ALT (U/L)
A FIB-4 score below 1.45 signifies low risk,
scores ranging from 1.45 to 3.26 indicate
intermediate risk, and scores exceeding 3.26
represent high risk ¢,

FIB—4=

Statistical analysis
The statistical analysis was performed using
the Statistical Package for Social Science (SPSS),

Table 1. Demographic characteristics of participants
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version 27. Shapiro-Wilk and Kolmogorov-
Smirnov tests were used to assess whether
variables were normally distributed. Categorical
variables were presented as frequency and
percentages, and differences between the groups
were analyzed using the Chi-square test. Numerical
variables were presented as medians and
interquartile ranges (IQR), and the differences
between the two study groups as well as the
association between the bone metabolism markers
and fibrosis severity in NAFLD patients were
assessed by Mann-Whitney U test. On the other
hand, the association between bone metabolism
markers and steatosis severity in NAFLD patients
was assessed by Kruskal-Wallis test. While,
Spearman's correlation was used to assess the
correlation among the studied variables. Receiver
operating characteristic (ROC) curve analysis was
conducted to evaluate the diagnostic performance
of the bone metabolism markers in distinguishing
NAFLD patients from controls. This included
estimating the area under the curve (AUC),
sensitivity, specificity, and optimal cut-off values.
The AUC ranges from 0 to 1, with values closer to
1 indicating stronger discriminatory ability between
NAFLD patients and healthy individuals. A p-value
less than 0.05 was considered statistically
significant.

Results

The age of NAFLD patients was
37.28(11.47) years, with age range of (18 — 60)
year. On the other hand the age of the control
subjects was 33(10) year, with age range (20-64)
year. About 48.8% of NAFLD patients were male
and 51.2% were female; while 51.2% of the control
group participants were male and 48.8% were
female. Furthermore, the BMI of NAFLD patients
and the control group participants were (33.5
(9.75), and 32.3 (4.51) kg/m?; respectively). The
lack of statistical difference between the two study
groups concerning age, sex, and BMI of
participants eliminates the potential effect of those
variables on the serum levels of the studied
biochemical variables.

Variable NAFLD Control p-value
(n-45) (n-45)
Age (year) 37.28(11.47) 33(10) 0.133
Sex
male 22(48.8%) 23(51.2%) . 833
female 23(51.2%) 22(48.8%) '
BMI (kg/m?) 33.5(9.75) 32.3(4.51) 0.990

NAFLD: Non-alcoholic fatty liver disease, n: Number of participants, BMI: Body mass index.
Sex is presented as frequencies and percentages, and group comparison was performed using the Chi-
square test. Age and BMI are presented as median (IQR), and the Mann-Whitney U test was used to

evaluate difference between groups.
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The serum levels of AST and ALT in
NAFLD patients were 26 (17.35) U/L and 34
(31.85) U/L, respectively. These levels were
significantly higher compared to those in the
control subjects (p < 0.001). Likewise, the FIB-4
index was significantly higher in NAFLD patients
at 0.88 (0.59) compared to 0.38 (0.2) in the control
subjects (p < 0.001). Conversely, the platelet count
in NAFLD patients was significantly lower than in
the control subjects, measuring 200 (105) x 10%/L
compared to 300 (106) x 10 °/L, respectively (p <
0.001); as shown in Table (2). The highly
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significant difference of these variables between
the study groups underscores their roles in the
pathogenesis of NAFLD.

Approximately 22.22% of NAFLD patients
exhibited mild steatosis, 31.12% exhibited
moderate steatosis, and 46.66% exhibited marked
steatosis; moreover, 91.11% of NAFLD patients
were classified as being at low risk for fibrosis,
while only 8.89% were categorized as having an
intermediate risk and none of the patients were at
high risk; as shown in Table (2).

Table 2. Biochemical and clinical characteristics of participants

Variable NAFLD Control p-value
(n-45) (n-45)
AST(U/L) 26(17.35) 16.41(4.66) <0.001
ALT(U/L) 34(31.85) 21.78(8.32) <0.001
Platelets count (x10%L) 200(105) 300(106) <0.001
FIB-4 Index 0.88(0.59) 0.38(0.2) <0.001
Severity of steatosis

Mild 10(22.22%) | = | e

Moderate 14(31.12%) | e e

Marked 21(46.66%) | = | e

Risk of Fibrosis

Low 41091.11%) | | e

Intermediate 4(889%) | e e

High I e

NAFLD: Non-alcoholic fatty liver disease, AST:

Aspartate aminotransferase, ALT: Alanine

aminotransferase, FIB-4, Fibrosis index based on 4 factors, n: number of participants.
Severity of steatosis and risk of fibrosis are presented as frequencies and percentages. Numerical
variables are presented as median (IQR), and the Mann-Whitney U test was used to evaluate difference

between groups.

The serum levels of osteocalcin in NAFLD
patients were 1.87 (1.56) ng/ml, which were
significantly lower compared to the control
subjects, who had levels of 4.45 (0.56) ng/ml (p <
0.001). On the contrary, the CTX levels in NAFLD
patients were significantly higher at 5.26 (0.35)
ng/ml compared to 3.07 (1.38) ng/ml in the control

group (p < 0.001). Similarly, FGF23 levels were
markedly elevated in NAFLD patients, measured at
394.19 (137.08) pg/ml compared to 203.44 (41.71)
pg/ml in the control subjects (p < 0.001); as shown
in Table (3). The findings suggest a complex
interplay  between liver disease and bone
metabolism.

Table 3. Serum levels of bone metabolism markers of participants

Variable NAFLD Control p-value
(n-45) (n-45)

Osteocalcin (ng/ml) 1.87(1.56) 4.45 (0.56) <0.001

CTX (ng/ml) 5.26 (0.35) 3.07(1.38) <0.001

FGF23(pg/ml) 394.19(137.08) 203.44 (41.71) <0.001

NAFLD: Non-alcoholic fatty liver disease, CTX: C-terminal telopeptide of type | collagen, FGF23:

Fibroblast growth factor 23, n: number of participants

Data are presented as median (IQR) and the Mann-Whitney U test was used to evaluate difference

between groups.

The serum levels of osteocalcin in NAFLD
patients with mild steatosis were 2.41 (2.18) ng/ml,
which were higher compared to those with
moderate steatosis at 1.88 (1.51) ng/ml and marked
steatosis at 1.71 (0.64) ng/ml, although the
differences were not statistically significant (p =
0.156). In contrast, the CTX levels among NAFLD
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patients showed minimal variation, with mild
steatosis at 5.26 (1.66) ng/ml, moderate at 5.29
(0.37) ng/ml, and marked at 5.31 (0.27) ng/ml,
indicating no significant differences across groups
(p = 0.852). Similarly, FGF23 levels were recorded
at 403.7 (200.65) pg/ml in mild steatosis, 397.56
(94.47) pg/ml in moderate, and 339.94 (206.23)
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pg/ml in marked steatosis, with no statistically
significant differences observed (p = 0.632); as
shown in Table (4). This could imply that the
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degree of steatosis does not have a direct or strong
impact on bone metabolism markers in NAFLD
patients.

Table 4. Serum levels of bone metabolism markers according to severity of steatosis in NAFLD patients

Severity of steatosis in NAFLD patients
Variable Mild Moderate Marked p-value
(n=10) (n=14) (n=21)
Osteocalcin (ng/ml) 2.41(2.18) 1.88 (1.51) 1.71(0.64) 0.156
CTX (ng/ml) 5.26 (1.66) 5.29 (0.37) 5.31(0.27) 0.852
FGF23(pg/ml) 403.7 (200.65) 397.56 (94.47) 339.94 (206.23) 0.632

NAFLD: Non-alcoholic fatty liver disease, CTX: C-terminal telopeptide of type | collagen, FGF23:

Fibroblast growth factor 23, n: number of patients

Data are presented as median (IQR) and the Kruskal-Wallis test was used to evaluate difference among

groups.

The serum levels of osteocalcin in NAFLD
patients at low risk of fibrosis were 1.84 (0.69)
ng/ml, which were lower compared to those at
intermediate risk, who had levels of 3.38 (1.13)
ng/ml. Although there was a notable difference, it
did not reach statistical significance (p = 0.056). In
contrast, the CTX levels among NAFLD patients
showed minimal variation, with low risk patients at
5.31 (0.33) ng/ml and intermediate risk patients at
5.08 (0.21) ng/ml, indicating no significant
differences across groups (p = 0.091). Similarly,
FGF23 levels were 492 (159.45) pg/ml in low risk

patients, compared to 329.98 (86.65) pg/ml in those
at intermediate risk, with no statistically significant
differences observed (p = 0.428); as shown in
Table (5). Serum levels of osteocalcin, CTX, and
FGF23 do not appear to be clearly associated with
fibrosis risk in this NAFLD sample. However, the
limited number of patients in the intermediate-risk
group (n = 4), along with the absence of patients at
high risk of fibrosis, reduces the statistical power of
the analysis. Therefore, these associations should
be investigated further in larger, more balanced
cohorts.

Table 5. Serum levels of bone metabolism markers according to the risk of fibrosis in NAFLD patients

Risk of fibrosis in NAFLD patients
Variable Low Intermediate p-value
(n=41) (n=4)
Osteocalcin (ng/ml) 1.84 (0.69) 3.38 (1.13) 0.056
CTX (ng/ml) 5.31(0.33) 5.08 (0.21) 0.091
FGF23 (pg/ml) 492 (159.45) 329.98 (86.65) 0.428

NAFLD: Non-alcoholic fatty liver disease, CTX: C-terminal telopeptide of type | collagen, FGF23:

Fibroblast growth factor 23, n: number of patients.

Data are presented as median (IQR) and the Mann-Whitney U test was used to evaluate difference

between groups.

The correlation of osteocalcin, CTX, and
FGF23 with various studied variables was
analyzed. The results showed that there is a
significant negative correlation between FGF23
and osteocalcin levels (ps = -0.628, p<0.001). On
the contrary, CTX levels showed a significant
positive correlation with FGF23 (ps = 0.604,
p<0.001). Regarding osteocalcin, the results
showed that there is a significant negative
correlation with CTX (ps = -0.872, p<0.001). The
demographic variables Age, sex, and BMI did not
show significant correlation with the studied bone
metabolism markers (p>0.05). Furthermore, AST
levels exhibited a significant negative correlation
with osteocalcin (ps = -0.669, p<0.001) and a
significant positive correlation with CTX (ps =
0.569, p<0.001) and FGF23 (ps = 0.593, p<0.001).
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Similarly, ALT levels showed a significant
negative correlation with osteocalcin (ps = -0.513,
p < 0.001) and a significant positive correlation
with CTX (ps = 0.414, p <0.001) and FGF23 (ps =
0.293, p<0.001). Platelet counts demonstrated a
significant positive correlation with osteocalcin (ps
= 0.450, p<0.001) and a negative correlation with
CTX (ps = -0.404, p< 0.001) and FGF23 (ps = -
368, p<0.001). Lastly, the FIB-4 index showed a
significant negative correlation with osteocalcin (ps
= -0.602, p<0.001), while correlating positively
with both CTX (ps = 0.515, p<0.001) and FGF23
(ps = 0.525, p<0.001); as shown in Table 6. These
results show that bone metabolism markers are
related to liver function indicators and fibrosis risk
in patients with NAFLD.
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Table 6. Correlation of bone metabolism markers with the studied variables of participants

Osteocalcin CTX FGF23
Variable Ps p-value Ps p-value Ps p-value
FGF23 -0.628 <0.001 0.604 <0.001
Osteocalcin -0.872 <0.001 -0.628 <0.001
CTX -0.872 <0.001 0.604 <0.001
Age -0.163 0.124 0.139 0.193 0.082 0.443
Sex 0.167 0.254 0.091 0.245 0.021 0.911
BMI 0.032 0.762 -0.064 0.551 0.101 0.345
AST -0.669 <0.001 0.569 <0.001 0.593 <0.001
ALT -0.513 <0.001 0.414 <0.001 0.293 0.005
FIB-4 Index -0.602 <0.001 0.515 <0.001 0.525 <0.001

FGF23: Fibroblast growth factor 23, CTX: C-terminal telopeptide of type 1 collagen, BMI: Body mass
index, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, FIB-4: Fibrosis index based on

4 factors, ps: Spearman correlation coefficient.

Receiver operating characteristic (ROC)
analysis was used to examine whether osteocalcin,
CTX, and FGF23 are capable of discriminating
NAFLD patients from controls. Osteocalcin with
an AUC = 0.976 and a cut-off of 3.51 ng/mi
showed 97.8% sensitivity and 86.7% specificity (p
< 0.001). Similarly, CTX showed excellent ability
in this regard, with an AUC of 0.894. CTX showed
strong potential as a diagnostic biomarker for
NAFLD with a sensitivity of 91.1% and specificity

of 93.3%, at a cut-off 4.62 ng/ml and AUC=0.894
(p < 0.001). FGF23 also showed good potentials,
showing an AUC of 0.922 with a cut-off value
240.25 pg/ml, and a sensitivity and specificity of
97.8% and 84.4%; respectively (p < 0.001),
suggesting highly sensitivity and moderately
specificity for identifying NAFLD patients. These
findings suggest that osteocalcin, CTX and FGF23
may serve as promising diagnostic markers for
NAFLD; as shown in Table (7).

Table 7. The receiver operating characteristic analysis of bone metabolism markers in identifying

NAFLD
Variables AUC Cut-off Sensitivity Specificity p-value
Osteocalcin (ng/ml) 0.976 351 0.978 0.867 p <0.001
CTX (ng/ml) 0.894 4.62 0.911 0.933 p <0.001
FGF23 (pg/ml) 0.922 240.25 0.978 0.844 p <0.001

CTX: C-terminal telopeptide of type I collagen, FGF23: Fibroblast growth factor 23.

Discussion

The present study aimed to investigate the
serum levels of the bone metabolism markers
osteocalcin, CTX, and FGF23 in newly diagnosed
NAFLD patients, and to evaluate potentials of
these bone metabolism markers as diagnostic and
prognostic biomarkers. The findings revealed
significant differences in bone metabolism markers
between NAFLD patients and healthy controls,
suggesting a complex interaction between liver
function and bone metabolism markers. The most
important finding was the elevated levels of CTX
and FGF23 and the reduced levels of osteocalcin in
NAFLD patients. These results support that
NAFLD may be associated with increased bone
resorption and impaired bone formation and
mineralization (6 20.38),
The potential association between NAFLD and
decreased BMD is still under debate. A clear
relationship between NAFLD and BMD has been
described particularly in patients with advanced
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fibrosis (6 20. 39): however, some studies did not
show such relationship ©% 49, This controversy may
be attributed to the differences in study designs, the
dependence on cross-sectional findings, the fact
that most of the studies did not use liver biopsy for
accurate NAFLD diagnosis, and the presence of
confounding factors such as comorbidities and
medications. Despite these challenges, the large
mass of evidence suggest that NAFLD is associated
with alterations in bone metabolism, where bone
resorption increases over the expense of bone
formation, and may thus represent a risk factor for
osteoporosis in NAFLD patients.

The diagnostic performance of osteocalcin,
CTX, and FGF23 in distinguishing NAFLD
patients from healthy controls that has been
reported in the present study, go in accordance with
the emerging evidence linking altered bone
metabolisim with metabolic liver disorders; a
relationship potentially mediated IR, inflammation,
systemic mineral metabolism disturbances and
vitamin D deficiency ©“#9, Taking into
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consideration the reported high diagnostic
potentials of the studied bone markers, then these
markers may complement existing non-invasive
tools for NAFLD detection, particularly when
imaging or liver biopsy is limited. However,
despite their promising diagnostic potentials, the
results in this regard should be interpreted
cautiously as external validation in independent
cohorts is required to confirm their strength and
generalizability.

Although serum levels of osteocalcin, CTX,
and FGF23 in the present study were significantly
different between NAFLD patients and controls, it
is interesting that they were not significantly
associated with the degree of hepatic steatosis or
fibrosis risk in NAFLD patients. This may indicate
that the disturbance in bone metabolism occurs
early in the course of NAFLD and bone markers
levels are not directly proportional to NAFLD
severity. Alternatively, the limited number of
patients with advanced fibrosis in the present
cohort may reduce the ability to detect such
associations. The observed near-significant
association between osteocalcin and fibrosis risk
suggests a potentially important association that
should not be overlooked and deserves
confirmation in larger and well-characterized study
populations.

Correlation analyses provided additional
insight into the biological relevance of these
markers. The inverse relationship between
osteocalcin and both CTX and FGF23 reflects a
disruption in the balance between bone formation
and resorption, while the associations of CTX and
FGF23 with liver enzymes and the FIB-4 index
suggest that bone metabolism alterations parallel
markers of hepatic injury and fibrosis risk. These
findings support the concept of a shared
pathological axis linking liver dysfunction and
skeletal metabolism, likely mediated by systemic
inflammation, IR, and metabolic stress rather than
fibrosis stage alone, (162034
The observed discrepancy between significant
correlations with the continuous FIB-4 index and
the lack of significant differences across fibrosis
risk categories may be explained by
methodological factors. Correlation analyses
capture subtle associations across the full spectrum
of values, whereas categorical subgroup analyses
reduce statistical sensitivity, particularly in
imbalanced samples. Moreover, changes in bone
metabolism markers may represent early systemic
responses to hepatic metabolic dysfunction that
precede or occur independently of advanced
fibrotic changes, especially when fibrosis is
assessed using indirect indices rather than
histological confirmation.

This study has several strengths, including
careful matching of participants for age, sex, and

34
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BMI, strict exclusion of confounding conditions
affecting bone metabolism, and the simultaneous
evaluation of multiple bone turnover markers
reflecting distinct aspects of skeletal physiology.
Nevertheless, several limitations should be
acknowledged. The observational design precludes
causal inference, and the relatively small sample
size, particularly in higher fibrosis risk categories,
limits statistical power. The absence of liver biopsy
and unmeasured factors such as vitamin D status,
dietary intake, and physical activity may also have
influenced the findings. Additionally, the
diagnostic performance of the biomarkers was
evaluated within a single cohort, underscoring the
need for external validation.

Conclusion

In patients with NAFLD, serum osteocalcin
levels were significantly reduced, while CTX and
FGF23 levels were markedly elevated compared
with healthy controls. These alterations in bone
metabolism markers suggest their potential utility
as non-invasive biomarkers for NAFLD diagnosis
and highlight the complex interplay between bone
and liver metabolism. However, validation through
larger, multi-center longitudinal studies with
histological confirmation is warranted to establish
their prognostic significance and further elucidate
their mechanistic role in NAFLD pathophysiology.
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