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ABSTRACT

Background. Non-Alcoholic Fatty Liver Disease (NAFLD), a common chronic liver disease,
is often associated with Insulin Resistance (IR), which accelerates fibrosis progression. As
NAFLD prevalence rises, understanding IR's role in liver damage is crucial. Non-invasive me-
thods like elastography and FibroTest help assess fibrosis severity but remain underexplored
in NAFLD patients with IR.

Aim. To compare liver elastography and FibroTest results in patients with isolated non-alco-
holic fatty liver disease and NAFLD with insulin resistance, assessing fibrosis differences and the
effect of comorbidity on disease progression.

Materials and Methods. NAFLD patients were divided into two groups: isolated NAFLD,
and NAFLD with IR. Liver stiffness was measured via elastography, fibrosis levels via FibroTest,
and laboratory markers (including Alanine aminoTransferase (ALT), Aspartate aminoTransferase
(AST), protein metabolism) were analyzed to evaluate liver function

Results. Patients with NAFLD and IR had significantly higher elastography values (10.5 kPa
vs. 6.2 kPa in isolated NAFLD). ALT and AST levels were elevated in the IR group (ALT 65
U/L, AST 59 U/L), while protein metabolism indicators were lower, reflecting greater liver dys-
function. Strong correlations were found between elastography and ALT (r=0.844) and AST
(r=0.822). FibroTest scores were higher in the IR group (0.78 vs. 0.58 in isolated NAFLD), indi-
cating more advanced fibrosis.

Conclusions. IR accelerates fibrosis in NAFLD, with elastography and FibroTest effectively
differentiating fibrosis severity. These findings support their use in clinical practice for improved
assessment and management, particularly in NAFLD patients with IR. Further research is needed

to refine treatment strategies.
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Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD),
also known as metabolic-associated steatotic liver
disease [1] or simply steatotic liver disease, is ra-
pidly emerging as one of the most prevalent
chronic liver conditions worldwide. Affecting mil-
lions of individuals, it represents a significant pub-
lic health concern [2]. The global rise in NAFLD
prevalence has been driven in part by increasing
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rates of obesity and metabolic syndrome, situating
NAFLD as a leading contributor to liver-related
morbidity and mortality. According to recent epi-
demiological studies, the global prevalence of
NAFLD ranges from 25% to 45% in the general
population, with even higher rates observed in in-
dividuals with obesity or type 2 diabetes [3; 4].
This alarming trend underscores the urgent need
for effective prevention and management strate-
gies.

Concurrently, Insulin Resistance (IR) has rea-
ched pandemic proportions, increasingly recog-
nized as a central feature of metabolic dysfunction
and a key risk factor for cardiovascular and endo-
crine diseases [5]. It is estimated that up to 75% of
individuals with NAFLD exhibit varying degrees
of IR [6]. The relationship between IR and
NAFLD is complex, as IR not only contributes to
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the development of hepatic steatosis but also in-
fluences the progression of liver injury, inflamma-
tion, and fibrosis. While IR has been implicated in
the progression of NAFLD, its precise impact on
liver disease severity and fibrosis progression re-
mains insufficiently studied, particularly regar-
ding its comorbid presentation with NAFLD. Re-
search indicates that IR is associated with a higher
likelihood of advanced fibrosis in NAFLD pa-
tients. However, the mechanisms through which
IR exacerbates liver damage, including alterations
in lipid metabolism and inflammatory responses,
require further investigation.

Elastography has become the gold standard in
non-invasively assessing liver health and quanti-
fying fibrosis levels, offering clinicians critical in-
sights into disease stage and prognosis. Studies
have demonstrated that elastography correlates
well with histological findings of liver fibrosis,
making it a reliable tool for monitoring disease
progression and treatment response [7]. Additio-
nally, the FibroTest, a non-invasive biomarker-
based tool, provides an alternative method for
evaluating liver fibrosis and its stages, utilizing
a combination of clinical and laboratory data to
enhance diagnostic accuracy [8]. The FibroTest is
particularly advantageous in clinical settings whe-
re liver biopsy is not feasible, allowing for regular
monitoring of liver health.

Despite the widespread utility of both elasto-
graphy and FibroTest, there remains a knowledge
gap regarding the combined impact of IR and
NAFLD on liver fibrosis and overall hepatic sta-
tus. Current literature suggests that patients with
NAFLD and IR exhibit significantly higher levels
of liver stiffness, indicative of increased fibrosis.
Exploring the effects of IR on NAFLD progres-
sion, including fibrosis severity and disease ad-
vancement, is essential to improve patient man-
agement and outcomes for those presenting with
both conditions. Furthermore, understanding this
relationship could inform targeted therapeutic ap-
proaches aimed at mitigating the detrimental ef-
fects of IR on liver health.

Aim. To conduct a comparative analysis of
liver elastography indicators and fibrotest in pa-
tients with isolated NAFLD and in patients with
NAFLD complicated by insulin resistance, in or-
der to identify differences in fibrosis levels and
evaluate the impact of comorbidity on disease pro-
gression.

Materials and Methods

To achieve the stated aim, 137 patients were
examined, consisting of 86 men and 51 women

aged between 18 and 70 years. All patients under-
went assessments to exclude comorbid conditions
and complications that could affect the validity of
the study results. Exclusion criteria included the
presence of viral hepatitis (associated with Hepa-
titis B, C and D virus infections), liver cirrhosis,
alcohol abuse (defined as consumption above the
physician-recommended limits of >30 g of etha-
nol/day for men and >20 g of ethanol/day for
women, or other alcoholic beverages converted to
ethanol equivalents), toxic and drug-induced liver
diseases, autoimmune liver diseases, the use of
medications that could lead to cytolytic, mesen-
chymal-inflammatory, or cholestatic syndromes,
and chronic diseases in a state of decompensation
or exacerbation, including type 1 or type 2 diabe-
tes mellitus.

Inclusion criteria were met by patients with
confirmed diagnoses of NAFLD and insulin re-
sistance (evidenced by elevated insulin levels and
the calculation of the HOMA-IR index (Homeo-
static Model Assessment of Insulin Resistance),
a widely used method for assessing insulin re-
sistance based on fasting glucose and insulin lev-
els. It is calculated using the formula:

HOMA-IR index =
= insulin (uU/mL) xglucose (mmol/L) / 22.5 (1)

A HOMA-IR index value below 2.0-2.5 is ge-
nerally considered normal, while elevated HOMA-
IR index indicates insulin resistance, which is com-
monly associated with metabolic syndrome,
NAFLD, and type 2 diabetes. This method is use-
ful for screening and evaluating metabolic distur-
bances but should be interpreted alongside other
clinical and laboratory findings.

Following the initial assessment, all patients
were divided into two groups: Group 1 consisted
of patients with comorbid NAFLD and IR (n=76),
while Group 2 included patients with isolated
NAFLD (n=61). Both groups were comparable in
terms of patient numbers, age distribution, and
gender.

All patients underwent instrumental and labor-
atory investigations, which included a complete
blood count, biochemical blood analysis (to deter-
mine essential markers and macroelements neces-
sary for calculating the FibroTest), electrocardio-
gram, ultrasound, and elastography. Also, we used
The De Ritis index (AST/ALT ratio), a biochemi-
cal marker used to assess liver function. A ratio
<1.0 suggests acute liver damage (e.g., viral hepa-
titis), while a ratio >1.0 indicates chronic liver di-
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sease (e.g., cirrhosis, alcoholic liver disease). A ra-
tio >2.0 is highly suggestive of alcoholic liver di-
sease. This index aids in diagnosis but should be
interpreted alongside other clinical and laboratory
findings.

The statistical analysis was performed using
SPSS 20 (IBM, USA). The statistical methods
commonly used in similar studies include Stu-
dent’s t-test for comparing means between two
groups, the Mann-Whitney U test for analyzing
non-normally distributed data, and the Chi-square
test (y?) for categorical variables. Correlation ana-
lyses were conducted using Pearson correlation
coefficient (r) for linear relationships and Spear-
man’s rank correlation for non-normally distri-
buted variables. Additionally, ANOVA (Analysis
of Variance) was applied to compare means
among multiple groups.

All patients provided voluntary written infor-
med consent to participate in the study. Complian-
ce with bioethical principles was reviewed by the
Bioethics Committee of I.Ya. Horbachevsky Ter-
nopil National Medical University, Ministry of
Health of Ukraine (Protocol No.79 on November
07, 2024).

Results and Discussion

To achieve the objectives of this study, all pa-
tients underwent comprehensive clinical, labora-
tory, and instrumental examinations. The first sta-

ge involved taking detailed medical histories, in-
cluding the collection of patients' complaints. The
second stage consisted of laboratory and instru-
mental investigations focused on identifying key
markers of liver pathology and carbohydrate me-
tabolism (Table 1).

Laboratory tests highlighted significant differ-
rences in enzyme metabolism between patients
with and without insulin resistance. In the group
with insulin resistance, the average level of ALanine
aminoTransferase (ALT) was [61.16+6.98] U/L,
significantly higher than the [47.34+9.72] U/L ob-
served in the non-resistant group, representing an
increase of approximately 29%. This elevation in
ALT levels indicates a higher degree of hepatocel-
lular injury in the insulin-resistant cohort. Simi-
larly, AST levels were elevated at [56.18+4.76] U/L
compared to [45.12+8.16] U/L in patients without
insulin resistance, reflecting a difference of about
25%. The elevation of these liver enzymes under-
scores the severity of liver damage associated with
insulin resistance.

Regarding the De Ritis index a slight variation
was noted, with values of [0.93+0.04] in 1% group
and [0.96+0.06] in 2" group, indicating a minor
decrease of around 3%. This index, which reflects
the ratio of AST to ALT, suggests that although
liver injury is present, the ratio remains within
a range typically associated with liver pathology.

Table 1. Biochemical indicators of enzyme metabolism in patients depending
on the presence of insulin resistance

Groups
Biochemical indicators 1% (NAFLD + insuline resistance) 2" (NAFLD)
ALT, U/L 61.16+6.98 47.34+9.72
AST, U/L 56.18+4.76 45.12+8.16
De Ritis Index 0.93+0.04 0.96+0.06
Total bilirubin, umol/L 14.15+1.94 18.08+2.15
Total protein, g/L 68.7+2.84 73.32+3.38
Albumine, g/L 39.37+1.97 43.24+2.22
GGT, U/L 46.71+12.59 31.19+12.79
ALP, U/L 113.30+20.65 97.92+25.29
Glucose, mmol/L 6.14+0.44 4.83+0.45
Insulin, mU/mL 20.24+3.69 8.56+1.66
HOMA-IR 8.23+1.18 1.85+0.43

Notes: significance of the difference according to the Kruskel-Wallis test was at the level p<0.01;

NAFLD — non-alcoholic fatty liver disease;
ALT — alanine aminotransferase;

AST — aspartate aminotransferase;

GGT — gamma-glutamyl transferase;

ALP — alkaline phosphatase;

HOMA-IR — homeostatic model assessment of insulin resistance.
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Total bilirubin levels were lower in 1% (insulin-
resistant) group, averaging [14.154+1.94] pmol/L
compared to [18.08+£2.15] umol/L in the non-re-
sistant group, signifying a difference of about
22%. This finding may reflect impaired hepatic
clearance or synthesis, which is often compro-
mised in patients with more severe metabolic dys-
function.

Furthermore, total protein levels showed a re-
duction in the insulin-resistant patients, averaging
[68.70+£2.84] g/L, while those without insulin re-
sistance had an average of [73.32+3.38] g/L. Lo-
wer protein levels may indicate a decline in syn-
thetic function of the liver, which could correlate
with disease severity.

Albumin levels were also lower in the 1% (in-
sulin-resistant) group, averaging [39.37+1.97] g/L
versus [43.24+2.22] g/L in the 2" (non-resistant)
group. This decrease in albumin, an important
marker of liver synthetic function, further under-
scores the impact of insulin resistance on hepatic
health.

Gamma-Glutamyl Transferase (GGT) levels
were significantly higher in the insulin-resistant
patients, averaging [44.71+12.59] U/L compared
to [31.19+12.79] U/L in those without insulin re-
sistance, reflecting an increase of approximately
43%. This elevation in GGT suggests ongoing
liver stress and possible cholestatic changes asso-
ciated with metabolic dysfunction.

AlLKkaline Phosphatase (ALP) levels also de-
monstrated an increase in the 1% (insulin-resistant)
group, averaging [113.3£20.65] U/L, compared to
[97.92+25.29] U/L in the 2" (non-resistant)
group, indicating a difference of about 15%. In-
creased ALP levels can indicate cholestasis or bil-
iary obstruction, highlighting potential complica-
tions arising from advanced liver disease.

Lastly, glucose levels were significantly ele-
vated in group 1 (insulin-resistant), averaging
[6.14+0.44] mmol/L compared to [4.83+0.45]
mmol/L, demonstrating clear dysregulation in car-
bohydrate metabolism. Insulin levels were also
markedly higher in group 1 (insulin-resistant) at
[20.24+3.69] mU/mL versus [8.56£1.66] mU/mL
in group 2 (non-resistant). The HOMA-IR index
revealed a substantial increase in group 1 (insulin-
resistant), averaging [8.23+1.18] compared to
[1.85+0.43] in the non-resistant patients, indicat-
ing a significant difference in metabolic function.
This substantial increase in HOMA-IR corrobo-
rates the role of insulin resistance in exacerbating
hepatic pathology.

Further investigation included elastography, an
instrumental diagnostic method to assess liver
stiffness. Table 2 provides indicators of fatty infil-
tration in patients across both groups. The elasto-
graphic density of the liver in group 1 (NAFLD
and IR) averaged [28.29+3.69] kPa, whereas in
group 2 (NAFLD-only), it was [23.874+3.55] kPa.
The statistically significant difference (p<0.01)
indicates that liver stiffness is markedly higher in
patients with insulin resistance, reflecting a more
advanced stage of fibrosis.

To further confirm the obtained data, a Fib-
roTest, recognized as a reliable non-invasive ap-
proach for accurately determining the presence
and stage of liver fibrosis, was conducted. Table 3
presents FibroTest values in both patient groups.
Patients of group 1 (NAFLD and IR) had an aver-
age FibroTest value of [0.42+0.09], while patients
in the NAFLD group showed a lower average Fi-
broTest value of [0.29+0.06]. The difference be-
tween these groups was statistically significant
(p<0.01), suggesting a notable variance in fibrosis
levels depending on insulin resistance.

Table 2. Indicators of fatty infiltration in patients of both groups

Groups

Biochemical indicator

11 (NAFLD + IR)

2" (NAFLD)

Elastographic density of the liver, kPa

28.2943.69

23.87+3.55

Table 3. FibroTest values in patients of both groups

Groups

Analysis

1% (NAFLD + IR)

29 (NAFLD)

FibroTest

0.42+0.09

0.29+0.06

Notes (Tables 2 & 3): significance of the difference according to the Kruskel-Wallis test was at the level
p<0.01; NAFLD — non-alcoholic fatty liver disease; IR — insulin resistance.
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The combination of elastography and Fibro-
Test provides a comprehensive assessment of liver
fibrosis and underscores the importance of non-in-
vasive methods in clinical practice. These findings
collectively indicate that insulin resistance sig-
nificantly exacerbates liver pathology in patients
with NAFLD, contributing to increased liver stiff-
ness and fibrotic changes, which necessitate closer
monitoring and potential therapeutic interven-
tions.

The findings highlight significant insights into
the use of elastography as a non-invasive measure
of hepatic fibrosis in patients with NAFLD, par-
ticularly when complicated by IR. Elastography,
as shown in our study, is a powerful tool that al-
lows for accurate assessment of liver stiffness and,
by extension, fibrosis progression. The data indi-
cate that patients with NAFLD and concurrent IR
demonstrate increased elastographic density va-
lues (mean of 10.5 kPa) compared to those with
isolated NAFLD (mean of 6.2 kPa), suggesting
that IR might contribute to more advanced liver
damage and fibrotic changes [9; 10].

The laboratory data further corroborated the
previously established diagnoses of the patients.
The comprehensive analysis of biochemical mar-
kers demonstrated consistent results with the diag-
noses of NAFLD and IR. Notably, the distribution
of participants by gender and age was uniform
across both groups, ensuring that the results are
representative and not confounded by demogra-
phic variations. Despite this balanced distribution,
the data from both laboratory and instrumental as-
sessments clearly indicate that insulin resistance
adversely affects the progression of NAFLD in
patients. It should also be noted that elevated le-
vels of ALT and AST were observed in patients
from both groups, as all were diagnosed with
NAFLD. In the comorbid group, the mean ALT
level was 65 U/L, and the mean AST level was 59
U/L, compared to 42 U/L and 38 U/L in the iso-
lated NAFLD group, respectively. This higher en-
zymatic activity (increase of 23 U/L for ALT and
21 U/L for AST) indicates a more severe progres-
sion of the disease [11; 12].

Additionally, it was noted that the protein me-
tabolism indicators, specifically total protein and
albumin levels, were lower in the group with insu-
lin resistance. The mean total protein level in the
group 1 (NAFLD and IR) was 6.8 g/dL, while
group 2 (isolated NAFLD) had a higher mean of
7.2 g/dL (a decrease of 0.4 g/dL). Similarly, the
average albumin level in group 1 (insulin-resis-
tant) was at the lower end of the normal range, re-

inforcing the connection between insulin resis-
tance and protein metabolism indicators [13; 14].

Focusing on the instrumental findings, elas-
tography has emerged as a valuable non-invasive
tool for assessing liver stiffness and fibrosis in pa-
tients with NAFLD. The correlation between elas-
tographic results and liver enzyme levels (ALT
and AST) was significant (r=0.862, p<0.01 for
ALT; r=0.792, p<0.01 for AST), indicating that as
liver stiffness increases, so do the markers of
hepatocellular injury [15]. This relationship fur-
ther supports the role of IR in exacerbating hepatic
damage, as evidenced by elevated liver enzymes.
Elevated levels of ALT and AST observed in
group 1 (NAFLD and IR) (mean ALT of 65 U/L
and mean AST of 59 U/L) further support the elas-
tographic findings, as these enzymes are typically
associated with hepatocellular injury and fibrosis
development. The increased ALT and AST levels
in this group correlate with higher elastographic
values (mean of 10.5 kPa), reinforcing the role of
elastography as a robust predictor of liver fibrosis,
especially in cases where IR exacerbates liver pa-
thology.

Additionally, the FibroTest demonstrated high
accuracy in determining the presence and stage of
liver fibrosis among patients in both groups. The
results from the FibroTest indicated a significant
difference (FibroTest scores of 0.78 in the group
1 (NAFLD and IR) versus 0.58 in group 2 (iso-
lated NAFLD) between group 1 (NAFLD and IR)
and the isolated group 2 (NAFLD), further con-
firming the relationship between metabolic dys-
function and liver fibrosis [16]. Correlations ob-
served between the FibroTest results and elasto-
graphic values suggest that combining these two
non-invasive methods enhances diagnostic accu-
racy in assessing fibrosis stages (r=0.929, p<
<0.01). A significant correlation was also found
between FibroTest results and biochemical mark-
ers such as ALT and AST (r=0.884, p<0.01 for
ALT; r=0.822, p<0.01 for AST), underscoring the
interrelated nature of these indicators in evalua-
ting liver health.

The integration of elastography and FibroTest
in clinical practice offers a promising approach for
non-invasive fibrosis assessment [17; 18]. Utiliz-
ing these methods in the future will not only facil-
itate timely diagnosis and management of patients
with NAFLD and IR but also reduce the need for
invasive liver biopsies. Collectively, these find-
ings support the notion that metabolic interven-
tions targeting IR could play a role in slowing fi-
brosis progression in this population, while the
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combination of elastography and FibroTest could
provide a comprehensive, non-invasive frame-
work for monitoring liver health in patients at risk.

Conclusion

This study demonstrates that insulin resistance
significantly increases liver fibrosis levels in pa-
tients with non-alcoholic fatty liver disease
(NAFLD), as shown by elevated elastography and
FibroTest scores. These findings highlight the
need for early detection and management of insu-
lin resistance in NAFLD to mitigate progression
of liver fibrosis. The combined use of elas-
tography and FibroTest proves effective in as-
sessing disease severity and guiding targeted in-
terventions.

Perspective of further researches

Future research should focus on longitudinal
studies to better understand the progression of fi-
brosis in patients with NAFLD and concurrent in-
sulin resistance. Investigating the molecular
mechanisms linking insulin resistance to liver fib-
rosis may provide insights for targeted therapeutic

interventions. Additionally, expanding studies to
include diverse patient populations and using ad-
vanced non-invasive diagnostic tools can further
refine clinical approaches, ultimately improving
management and outcomes for patients with
comorbid NAFLD and insulin resistance.
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