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Abstract. Introduction: Non-alcoholic fatty liver disease (NAFLD) is a widespread condition that can
progress to severe liver complications, including fibrosis and cirrhosis. Early detection of liver fibrosis is
critical for preventing disease progression and reducing the risk of liver-related complications. This study
aimed to assess the utility of non-invasive methods, including elastography and fibrosis scoring systems, in
evaluating liver fibrosis in patients with NAFLD and insulin resistance (IR).

Methods: This study enrolled 76 patients, consisting of 45 females and 31 males, aged 25 to 60 years. All
participants underwent biochemical tests, transient elastography for liver stiffness measurement, and non-
invasive fibrosis scoring using FibroTest, FIB-4, and NAFLD Fibrosis Score (NFS). Descriptive statistics
were used to summarize the data, and correlation analysis was performed to evaluate the relationships
between elastography and the fibrosis scores.

Results: The results indicated that liver stiffness measured by elastography was significantly correlated
with the fibrosis scores (FibroTest, FIB-4, NFS), with strong positive correlations between these methods
(r=0.929,p<0.01;,r=0.883, p<0.01;,r=0.533, p <0.01). Biochemical markers showed mild deviations,
but they were not sufficient to conclusively indicate advanced fibrosis on their own. However, the combination
of elastography and non-invasive fibrosis scores effectively identified patients with early stages of fibrosis.

Conclusion: The integration of elastography with non-invasive fibrosis scoring systems (FibroTest, FIB-4,
and NFS) offers a reliable and non-invasive approach to accurately assess liver fibrosis in NAFLD patients
with comorbid insulin resistance. This combination of methods provides a promising alternative to liver biopsy
for diagnosing and monitoring fibrosis, enabling more effective patient management and early intervention.
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Introduction. Non-alcoholic fatty liver disease (NAFLD) is a chronic condition characterized by
fat accumulation in the liver, not due to alcohol consumption [4], [19]. Affecting 25-30% of adults
globally, NAFLD's prevalence is rising, largely due to obesity, type 2 diabetes, and metabolic syn-
drome [23], [16]. If untreated, it can progress to non-alcoholic steatohepatitis (NASH), fibrosis, cir-
rhosis, liver failure, and hepatocellular carcinoma, significantly impacting quality of life and increas-
ing cardiovascular disease risk [2].

A common comorbidity in NAFLD patients is insulin resistance (IR), where the body’s cells
become less responsive to insulin, leading to higher blood glucose [3], [15]. IR accelerates liver
damage, worsening NAFLD progression and increasing the risk of cardiovascular disease, type 2
diabetes, and liver-related complications.

Early diagnosis of liver fibrosis is essential, as the fibrosis stage is a key predictor of outcomes
[14]. Advanced fibrosis is linked to severe liver complications and mortality, but early stages are often
asymptomatic, making detection challenging. Identifying significant fibrosis (stages F2-F4) allows
for early interventions to slow disease progression and reduce morbidity [13].

Liver biopsy remains the gold standard for diagnosing fibrosis, but it is invasive, carries risks, and
is not practical for widespread screening [7]. Non-invasive methods like elastography (e.g., Fibro-
Scan) estimate liver stiffness and correlate with fibrosis stages [21]. They are quick, painless, and
suitable for outpatient settings [24].

Clinical scoring systems, such as FIB-4, FibroTest, and NAFLD Fibrosis Score (NFS), use routine
lab data to assess fibrosis risk [22], [6]. Though less precise than biopsy, they effectively screen and
stratify patients by risk [26].
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Non-invasive methods are promising for early NAFLD diagnosis and management. As these
methods become more accessible, they reduce the need for biopsy, facilitating safer and more effi-
cient screening. Including IR assessments can help identify high-risk patients, improving overall
management of NAFLD.

The aim of the study is to assess the effectiveness of non-invasive methods for diagnosing liver
fibrosis in patients with non-alcoholic fatty liver disease (NAFLD) and insuline resistance (IR).

Materials and Methods. This study involved 76 patients (45 females, 31 males), aged 25 to 60 years,
diagnosed with non-alcoholic fatty liver disease (NAFLD) and insulin resistance (IR). Participants were
selected based on strict criteria, with diagnostic evaluations to confirm NAFLD and exclude other liver or
systemic diseases. All patients met diagnostic criteria for NAFLD and IR, including elevated fasting insu-
lin and a HOMA-IR index. Exclusion criteria included viral hepatitis (HBV, HCV, HDV), liver cirrhosis,
excessive alcohol consumption, toxic or drug-induced liver diseases, autoimmune liver disorders, med-
ications linked to liver injury, and any chronic decompensated conditions, including diabetes mellitus.

All patients underwent a complete blood count (CBC) and biochemical analysis, assessing liver
enzymes (ALT, AST), bilirubin, and glucose levels, to evaluate liver function and metabolic health.
Abdominal ultrasound was performed to assess the hepatobiliary system and rule out other liver con-
ditions, while liver stiffness was measured using transient elastography to quantify fibrosis. Fibrosis
was also assessed using the FibroTest, FIB-4, and NAFLD Fibrosis Score (NFS), which integrate
clinical and laboratory parameters to estimate fibrosis risk.

Descriptive statistics (means and standard deviations) were calculated for primary variables, and
the Mann-Whitney U test was applied to compare fibrosis scores across methods, with significance
set at p <0.01. Pearson’s correlation coefficient was calculated to examine the relationships between
elastography and fibrosis scores, confirming associations. Statistical analyses were performed using
[Specify Software, e.g., SPSS version XX].

Results. To fulfill the study objectives, all patients underwent an extensive series of clinical, laboratory,
and instrumental assessments. Initially, detailed medical histories were taken, including the collection of
patient-reported complaints. The next stage comprised laboratory and instrumental evaluations aimed at
identifying key indicators of liver pathology. Biochemical results shown in table 1.

Table 1
Biochemical indicators of enzyme metabolism in patients with NAFLD and IR

Biochemical indicators

Patients with NAFLD and IR

ALT, U/L 61.16 = 6.98*
AST, U/L 56.18 +4.76*
De Ritis Index 0.93 + 0.04*
total bilirubin, pmol/L 14.15 + 1.94*
Total protein, g/L 68.7 £2.84%*
Albumine, g/LL 39.37 + 1.97*

GGT, U/L 46.71 £ 12.59*
ALP, U/L 113.3 £20.65*
Glucose, mmol/L 6.14 £ 0.44*%
HOMA-IR 20.24 + 3.69*

Note: The significance of the difference was calculated according to the Mann-Whitney test — p < 0.05.

The laboratory results for the patient cohort reveal notable deviations in several key markers of
liver function and metabolism, indicative of liver involvement in NAFLD patients. Both ALT (normal
range: 10-40 U/L) and AST (normal range: 10-40 U/L) levels were increased by approximately
20-25% above upper normal reference values, suggesting mild hepatic injury. The De Ritis ratio
(AST/ALT) remained below 1, indicating a pattern of liver enzyme imbalance often associated with
liver inflammation seen in NAFLD. Total protein levels (normal range: 60-80 g/L) were slightly
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lower than normal, with a decrease of around 5% below the reference range, which could suggest
subtle liver dysfunction. However, albumin levels (normal range: 35-50 g/L) were close to the lower
end of normal, indicating relatively preserved synthetic liver function. Gamma-glutamyl transferase
(GGT) (normal range: 10-60 U/L) and alkaline phosphatase (ALP) (normal range: 35-104 U/L)
levels were mildly elevated, by about 10-15% above their respective upper normal limits. These
markers are often associated with liver and biliary tract involvement, highlighting the possible effect
of NAFLD on biliary function. Glucose levels (normal range: 3.9-5.5 mmol/L) were roughly 10%
above the upper normal reference limit, consistent with impaired glucose tolerance commonly seen
in patients with insulin resistance. The HOMA-IR index (normal range: 0.5-2.5) showed substantial
elevation, exceeding normal values by more than 50%, underscoring significant metabolic disturbance
in this group. These biochemical deviations, though suggestive of liver involvement and metabolic
dysfunction, do not independently confirm advanced fibrosis, emphasizing the necessity of utilizing
complementary non-invasive methods, such as elastography and fibrosis scoring indices, for a
comprehensive and accurate assessment of liver fibrosis in NAFLD patients with insulin resistance.

The elastographic density of the liver in patients with NAFLD is measured at an average value of
7,21 £ 1,24 kPa. This result reflects the stiffness of the liver, which is commonly used to assess the
degree of fibrosis.

Table 2
Results of non-invasive fibrosis methods
FibroTest FIB-4 NFS
NAFLD 0,42 + 0,09* 1,56 £ 0,19* ~1,2+0,86*

Note: Significance of the difference according to the Kruskel — Wallis test: * —p < 0.01.

The results for the non-invasive fibrosis scoring systems in patients with NAFLD are as follows
(Table 2):

FibroTest: The average score falls within the range indicative of moderate liver fibrosis. This
score suggests the presence of some degree of liver fibrosis, although it has not reached advanced
stages.

FIB-4: The average score falls within the range that typically suggests significant liver fibrosis.
This score indicates the potential for moderate to advanced fibrosis, which can help estimate the
likelihood of progression to more severe stages of liver damage.

NFS (NAFLD Fibrosis Score): The average score is negative but still within a range that indicates
some degree of liver fibrosis. While the fibrosis is not advanced in this group, the score suggests that
there is a risk of progression to higher stages of fibrosis over time.

In addition, we calculated the presence of a correlation between elastography and the fibrosis
scoring systems (FibroTest, FIB-4, NFS). The observed correlation coefficients (r = 0.94 for FibroTest,
r = 0.88 for FIB-4, and r = 0.53 for NFS) demonstrate a high consistency between elastography and
these tests, further supporting the use of these non-invasive techniques in assessing liver fibrosis and
providing additional confirmation of the presence and extent of liver damage.

Discussion. This study emphasizes the importance of combining non-invasive diagnostic methods,
such as elastography and biochemical scoring systems, for assessing liver fibrosis in patients with
NAFLD and insulin resistance (IR). Given the increasing prevalence of these conditions, early and
accurate diagnosis of liver fibrosis is crucial for effective management. While biochemical markers
like ALT and AST showed slight elevation, these alone did not strongly indicate significant fibrosis
[11], [27]. Other markers, including bilirubin, total protein, and albumin, also exhibited mild changes,
which did not suggest advanced fibrosis or cirrhosis [5].

Elastography, however, provided a different perspective, indicating the presence of mild to moderate
fibrosis. This is consistent with findings that elastography is sensitive and reliable for detecting liver
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stiffness, which correlates directly with the extent of fibrosis [26]. The contrast between the mild
biochemical alterations and the moderate fibrosis observed on elastography highlights the need for
integrating elastography with biochemical tests, as the latter are often insufficient for accurately
staging fibrosis, especially in its early stages.

The fibrosis scoring systems further supported the elastography results. The FibroTest score
suggested some degree of fibrosis, which aligned with the elastographic findings [1]. Similarly, the
FIB-4 score indicated possible advanced fibrosis, reinforcing the elastography results [20]. The NFS
score, while negative, still indicated a low probability of advanced fibrosis, suggesting that its less
extreme value did not rule out the presence of fibrosis, as seen in more severe disease states [17].

The strong correlations between elastography and the fibrosis scores underscore the value of combining
these non-invasive methods for assessing liver fibrosis. The high correlation with both FibroTest and
FIB-4 confirms the consistency of elastography in detecting fibrosis, making it a valuable tool in the
overall assessment of liver damage. This combined approach allows for a more accurate understanding
of liver pathology, helping to identify patients at risk of disease progression [9], [8].

Overall, relying on multiple diagnostic methods in clinical practice offers clear advantages. While
scoring systems and biochemical tests are useful, they can miss early-stage fibrosis. Elastography,
which detects changes in liver stiffness directly related to fibrosis, complements these methods,
creating a comprehensive approach for early detection and better patient stratification. This combined
strategy can lead to earlier interventions, improving outcomes and helping manage comorbidities
such as cardiovascular disease and diabetes, ultimately reducing disease progression and enhancing
patient care [18], [12], [10], [28].

Conclusions. The combination of elastography and non-invasive fibrosis scoring systems
(FibroTest, FIB-4, NFS) provides a reliable and comprehensive approach to diagnosing and staging
liver fibrosis in patients with NAFLD and insulin resistance.

These methods enable early detection of liver fibrosis, allowing for timely interventions that can
prevent disease progression and reduce liver-related complications.

The integration of these tools into clinical practice will improve the diagnosis and management of
liver fibrosis in NAFLD patients, ultimately leading to better long-term health outcomes.
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E®PEKTUBHICTb HEIHBAZUBHUX METO/IB OIIIHKHA
®IGPO3Y D ITAOIEHTIB 3 HAKXII TA IP

Kozak O. A.

Anomayis. Bemyn. Heankozoneha sicuposa xéopoda nedinku (HAKXTI) € nowwupenum 3axéopiosantam, ske
Modice npocpecyeami 00 8aNCKUX YPAadtceHb NedinKu, 6KI0YHO 3 ioposom i yupozom. Panne suasnenns ¢ioposy
NEYiHKY € KPUMUSHUM O3 3AN00I2AHHS NPO2PECYBAHHIO X60pODU M SHUICEHHS PUSUKY YCKIaOHeHb. Mema ybozo
QOCIONHCEHHA — OYIHUMU EKMUBHICTMb HEIHBASUGHUX MEMOOIS, 30KpeMd enacmozpaqii ma. cucmem oyinku
Giopo3y, ona suzHavenns ¢iopo3y nevinku 6 nayicumie 3 HAXKXII ma incyninosoro pesucmenmuicmio (IP).

Memoou. [lo docnioscenns Oynu 3anyydeni 76 nayienmis (45 gcinox i 31 yonogix) sikom 6id 25 00
60 poxie. Yci yuacnuku npouwiny OioXimMiuHi mecmu, mMpaucieHmuy enacmozpaqiio 01 6UMIPIOBAHHS
AHCOPCMKOCMI NEYIHKU A HEeIHBA3UBHY OUIHKY (hibpo3y 3a 0onomozoro FibroTest, FIB-4 ma NAFLD Fibro-
sis Score (NFS). [{na ananizy oanux 6ynu uKopucmani onucosa Cmamucmuxa i Kopeiayitinui anais.

Pesynomamu. Pesynomamu noxazanu, wo i#opcmKicms nedinku, UMIpsAHA eracmoepagicio, mana
3Hayywyy Kopenayiro 3 pesyromamamu cucmem oyinku ¢hioposy (FibroTest, FIB-4, NFS), 3 eucokumu
no3uMueHUMU Kopenayiamu mixc yumu memodamu (r = 0,929, p < 0,01, r = 0,883, p < 0,01; r = 0,533,
p < 0,01). Bioximiuni mapkepu noxazanu He3HA4Hi GIOXUNEHHS, alle 60HU He OVIu docmamuimu Ojisl
OOHO3HAYH020 BU3HAUEHHS PO3BUMKY Pibpo3y. OOHaK nocoHanHs enacmozpadii ma HeiH8AZUBHUX CUCTEM
oyinku ioposy eghexmuerno ioenmughixysano nayicHmis iz NOYAMKOBUMU CMAOIAMU PiOPO3Y.

Bucnoexu. Inmeepayis enacmoepaghii 3 neineazuenumu cucmemamu oyinku gioposy (FibroTest, FIB-4
ma NFS) € naoitinum i neinsasusnum nioxo0om 0 mounoi oyinku @ioposy nevinku y nayicumie 3 HAXKXII
ma IP. []eii nioxio € nepcnekmusHow0 arbmepHamugoio 0ioncii nevinku 015 0iaeHOCMUKY 1l MOHIMOPUH2Y
@ibposy, wo dae 3mocy 3abesneuumu eghekmueHiuie Ynpasiinta NayieHmamy ma paHHe 6MpyuaHHs.

Knrouosi cnosa: incyninopesucmenmuicmy, HeaiKo20nbHa HCUPOBA XBOPOOA NEUiHKU, IHCYLIH, NediHKa,
MemaodoniyHUL CUHOPOM.
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