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MODERN METHODS FOR DIAGNOSING METABOLICALLY ASSOCIATED FATTY LIVER DISEASE

Parpibaeva Dinora Ayupovna - D.M.Sc.
Buvamukhamedova Nasiba Tahirovna - Ph.D. student,
Tashkent State Medical University (Tashkent, Uzbekistan)

Abstract: Non-alcoholic fatty liver disease (NAFLD), now referred to as metabolically associated fatty liver
disease (MAFLD), is one of the most common liver diseases worldwide, closely linked to the growing obesity epidemic.
Despite the growing prevalence of this disease, there is a notable lack of pharmacological agents specifically designed
to treat MAFLD. This gap in therapeutic options can be explained by the multifaceted nature of MAFLD, characterized
by an incomplete understanding of its underlying mechanisms, a lack of accurate and accessible imaging tools, and
the inadequacy of non-invasive biomarkers for effective diagnosis and monitoring.

In addition, this review highlights existing methods for diagnosing MAFLD and emphasizes the growing
importance of non-coding RNAs as promising diagnostic biomarkers. Today, the urgent need for non-invasive
biomarkers combined with accurate and cost-effective diagnostic tools cannot be overstated, as they play a key role
in identifying early signs of MAFLD progression.

Keywords: non-alcoholic fatty liver disease (NAFLD); metabolically associated fatty liver disease (MAFLD);
non-alcoholic steatohepatitis (NASH); metabolically associated steatohepatitis (MASH); liver; biomarkers

COBPEMEHHBIE METO/bI JMATHOCTUKH METABOJIMYECKHU ACCOLIMMPOBAHHOW YKUPOBOM
BOJIE3HU IIEYEHH

Ilapnu6aepa luHopa AIONIOBHA - /I.M.H.
ByBamyxameaoBa Hacu6a TaxupoBHa - 6a30BOH JOKTOPAHT
Tawkenmckull 2ocydapcmeeHHblil MeduyuHckuil yHusepcumem (Tawkenm, Y36ekucmat)

AHHomayus: HeankozonvHasa scuposas 6osaesHb neweHu (HAXKBII), komopyio menepb Hasvigarom
MemaboaUYecKU-accoyuupo8aHHoll xupogoli 6osesHblo neveHu (MAJXKFII), sieasiemcsi o0HUM u3 HauboJiee
pacnpocmpaHeHHbIX 3060/1e8aHUll ne4eHUu 80 8CeM MUpe, MEeCHO nepen/emascs ¢ Hapacmarowell snudemuetl
oxicupeHus. Hecmompsi Ha pacmywyw pachpocmpaHeHHOCMb 3moz2o 3a60/1e8aHUs, cyujecmsyem 3amMemHoe
omcymcmsue $apMakos02udecKux npenapamos, cneyuaabHo paspabomauHsvix 04s sevedusi MAXKBIl. Imom
npobesn 8 MmepanesMuyveckux B03MONCHOCMSAX MOMCHO 06BsICHUMb MHO0202paHHOU npupodoti MAXKEII,
xapakmepu3yrujelicsi HenoJHbIM NOHUMAHUEM JeXaAWuX 8 ee OCHO8Ee MEeXAHU3MO08, OMmcymcmeuemM MoyHbuIX U
docmynHbuIX UHCMPYMEHMOo8 8U3yaau3ayuu, a makxice Headek8amHOCMbH HEeUHB8A3UBHbIX OGUOMApKepos 045
agdpekmusHoll duazHOCMUKU U MOHUMOPUH2A.

Kpome mozo, 8 daHHOM 0630pe packpwvleaiomcsi cyujecmsywuwue memodsl duazHocmuku MAXKHII,
noduepkusaemcs pacmyujee 3HaveHue Hekodupyruwux PHK Kak nepcnekmugHblx duazHocmu4eckux 6UoMapKepos.
Ha cecodHsiwHull 0eHb HEBO3MONCHO NEPEoYEeHUMb HACMOSIMEAbHYI0 NOMpPe6HOCMb 8 HEUHBA3UBHbIX OUOMAPKePaX
8 cOYeMAaHUU C MOYHbIMU U IKOHOMUYECKU 3(pPekmusHbIMU JUa2HOCMUYeCKUMU UHCMPYMEHMAMU, NOCKObKY OHU
uzsparm KAr4esyr po/ib 8 8bls18/1eHUU pAHHUX NPU3Hakos npozpeccuposarusi MAKBII.

Knawuesvle ca08a: HeankozonbHasi cuposasi 6ose3Hb  neweHu  (HAJKBII); memaboauvecku-
accoyuupoeaHHas cuposas 6GosaesHb neueHu (MAJXKEII); HeaskozoabHbili cmeamozenamum (HACT);
MemaboauyecKu-accoyuuposaHHslii cmeamozenamum (MACT); neueHs; 6uomapkepbl

METABOLIK ASSOTSIRLANGAN JIGAR YOG‘ KASALLIGINI TASHXISLASHDA ZAMONAVIY USULLAR

Parpibayeva Dinora Ayupovna - t.f.d.
Buvamuxamedova Nasiba Taxirovna - tayanch doktoranti
Toshkent davlat tibbiyot universiteti (Toshkent, O‘zbekiston)

Annotatsiya: Jigarning noalkogol yog'li kasalligi (JNAYK), hozirda metabolik assotsirlangan jigar yog'li
kasalligi (MAJYK) deb ataladi, butun dunyo bo'ylab eng keng tarqalgan jigar kasalliklaridan biri bo‘lib, o'sib
borayotgan semizlik epidemiyasi bilan chambarchas bog‘liq. Ushbu kasallikning tarqalishi ortib borayotganiga
qaramay, MAJYKni davolash uchun maxsus ishlab chiqilgan farmakologik preparatlarning sezilarli yetishmasligi
kuzatilmogda. Terapevtik imkoniyatlardagi bu bo‘shligni MAJYKning ko‘p qirrali tabiati bilan izohlash mumkin, bu
uning asosidagi mexanizmlarni to‘liq tushunmaslik, aniq va qulay vizualizatsiya vositalarining yo‘qligi, shuningdek,
samarali diagnostika va monitoring uchun invaziv bo‘lmagan biomarkerlarning yetarli emasligi bilan tavsiflanadi.

326




ISSN: 2181-3485

Ne 17 (03), 2026

Bundan tashqari, ushbu sharhda MAJYKni tashxislashning mavjud usullari ochib berilgan, istigbolli diagnostik
biomarkerlar sifatida kodlamaydigan RNKlarning ahamiyati ortib borayotgani ta’kidlangan. Bugungi kunda
noinvaziv dori vositalariga bo‘lgan kuchli ehtiyojni ortiqcha baholab bo‘Imaydi.

Kalit so‘zlar: jigar noalkogol yog‘ kasalligi (JNAYK); metabolik assotsirlangan jigar yog'li kasalligi (MAJYK);
noalkogol steatogepatit (NASG); metabolik steatogepatit (MASG); jigar; biomarkerlar

Introduction:

Non-alcoholic fatty liver disease (NAFLD) is
one of the leading causes of liver disease worldwide,
and its prevalence is steadily increasing [1]. Today, it
costs more than €35 billion per year in the four larg-
est European countries and more than $100 billion
in the United States alone [2]. Since the term “non-
alcoholic fatty liver disease” (NAFLD) was intro-
duced into the medical reference book, there has
been discussion about changing the name to better
reflect the disease process and expand the terminol-
ogy beyond the superficial histopathological similar-
ity to alcoholic liver disease [2,3]. In early 2020, an
international group of experts conducted a consen-
sus process to develop a more appropriate term for
this disease. Using a two-stage Delphi consensus
method, the term “metabolic dysfunction-associated
fatty liver disease,” or MAFLD, was proposed [4].

MAFLD includes fatty liver disease, character-
ized by more than 5% of the liver's mass being fat,
with the possibility of progression to non-alcoholic
steatohepatitis (NASH), characterized by inflamma-
tion, cell damage, and increased severity [4]. In addi-
tion, its consequences extend beyond the liver and
include cardiovascular complications and links to
other metabolic disorders such as obesity and type 2
diabetes mellitus (T2DM) [5,6].

The prevalence of MAFLD has grown along-
side the obesity epidemic and is estimated to be
around 24% of the general population [6]. The prev-
alence of this disease is particularly high among peo-
ple with obesity and T2DM: it affects up to 70% of
overweight individuals and more than 90% of those
classified as obese [7]. It is alarming that MAFLD can
also occur in thin people, and ethnic differences fur-
ther complicate its prevalence and manifestation
[9,12].

Children and adolescents have not been
spared from this epidemic, as evidenced by the in-
crease in MAFLD incidence in this demographic
group [13]. Despite its growing prevalence, MAFLD
still lacks specific pharmacological therapy. This
therapeutic gap can be explained by the multifaceted
nature of MAFLD, characterized by limited under-
standing of its pathogenetic mechanisms and the lack
of accurate non-invasive biomarkers for diagnosis
and monitoring.

The purpose of this review is to clarify the
complex mechanisms underlying the pathogenesis of
MAFLD.

Pathogenesis of MAFLD

Mechanisms of MAFLD pathogenesis

The prevailing model explaining the develop-
ment of inflammation and progression of MAFLD is
the “multiple hit” model, which involves various
stress factors [4,5]. Despite advances in understand-
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ing the development of hepatic steatosis, the patho-
genesis of non-alcoholic steatohepatitis (NASH) re-
mains incomplete. The progression of NASH is influ-
enced by lipotoxicity, endoplasmic reticulum (ER)
stress, mitochondrial dysfunction, oxidative stress,
endotoxins from the gut, and changes in the compo-
sition of the gut microbiota [12,15]. Lipid overload
can provoke lipotoxicity, contributing to the devel-
opment of inflammation, oxidative stress, and fibro-
sis. A high-calorie diet and sedentary behavior are
key factors in the development of MAFLD. The intake
of free fatty acids (FFAs) can disrupt the link be-
tween respiration and adenosine triphosphate (ATP)
production, which leads to worsening MAFLD [8].

Fatty liver disease occurs due to nutrient
overload and a sedentary lifestyle. Many factors con-
tribute to the development of inflammation and
MAFLD, which ultimately leads to fibrosis.

The pool of fatty acids (FAs) in the liver is
formed from dietary fat, lipolysis of adipose tissue, or
de novo lipogenesis (DNL) from carbohydrates or
other dietary precursors. In the liver, FAs undergo
esterification into triglycerides (TGs) and are assem-
bled into very low-density lipoproteins (VLDL) for
release into circulation, oxidation in mitochondria
(B-oxidation), or storage in lipid droplets (LDs) (<5%
of liver weight). During fasting, LDs undergo lipid hy-
drolysis (via lipolysis and lipophagy) to provide FFA
for B-oxidation. In MAFLD, chronic nutrient overload
and insulin resistance lead to an imbalance where
the influx of FFA into the liver exceeds their utiliza-
tion through VLDL secretion or (-oxidation. This
lipotoxicity leads to impaired LP lipolysis and in-
creased lipid accumulation in LCs, which accelerates
the development of hepatic steatosis (>5% of liver
weight).

Fatty liver disease causes endoplasmic reticu-
lum (ER) stress, oxidative stress, and activation of
Kupffer cells (KCs) to produce inflammatory cyto-
kines that exacerbate inflammation. In addition, lipo-
toxicity causes mitochondrial dysfunction and dis-
rupts the electron transport chain (ETC) function,
leading to the formation of reactive oxygen species
(ROS), which in turn exacerbates mitochondrial
damage, perpetuating MAFLD.

Inflammatory cytokines and ROS activate he-
patic stellate cells (HSCs) to produce excessive extra-
cellular matrix, leading to progressive fibrosis.

Liver fibrosis, which is reversible in its early
stages, is the most powerful predictor of mortality in
people with metabolic-associated steatohepatitis
(MAS). Therefore, accurate staging of fibrosis and
differentiation of MAFLD from early fibrosis are key
to identifying patients at risk of disease progression.
A range of diagnostic methods are used to diagnose
and classify MAFLD, including both traditional and
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innovative tools such as imaging and biomarkers,
each with its own advantages and limitations.

Blood transaminases: Liver function tests, par-
ticularly blood tests for transaminases, are widely
used, but their reliability in predicting MAFLD pro-
gression remains uncertain. Patients with MAFLD
have abnormal and normal levels of liver enzymes,
with a decrease in alanine aminotransferase (ALT)
levels detected in progressive liver disease. Various
biomarker panels are used to assess liver fat, includ-
ing the hepatic steatosis index (HSI), fatty liver index
(FLI), Steatotest, and Liver Fat Score (LFS).

Non-invasive scoring systems: Scoring systems
such as Fibrosis-4 (FIB-4), MAFLD Fibrosis Score
(NFS), Hepamet Fibrosis Score (HES), and the auto-
mated platelet ratio index (APRI) help determine the
risk of MAFLD progression but demonstrate modest
sensitivity in diagnosing early stages of NASH and fi-
brosis. However, there is a noticeable dissonance be-
tween these scoring systems when applied to the
same patient [15].

Liver biopsy: Despite its invasiveness, cost,
sampling errors, and associated risks such as bleed-
ing and, although rare, death, liver biopsy remains
the gold standard for diagnosing MAFLD. Histologi-
cally, MAFLD manifests as hepatic steatosis, swelling,
inflammation, with or without fibrosis [14,15]. Alt-
hough liver biopsy can distinguish NASH from
MAFLD, its drawbacks highlight the need for mini-
mally invasive diagnostic alternatives.

In light of the preventive potential of early de-
tection of MAFLD to prevent the development of fi-
brosis, efforts are continuing to develop minimally
invasive imaging tools and biomarkers to assess
MAFLD, the risk of progression, and validate treat-
ment in clinical settings.

Imaging methods:

1. Ultrasound (US): Ultrasound is the primary
imaging modality for suspected MAFLD, demonstrat-
ing the typical hyperechoic appearance of the liver.
However, its effectiveness is limited to the detection
of moderate or severe steatosis (>20%) and may be
affected by severe fibrosis [14]. New approaches,
such as computerized assessment of the liver-to-kid-
ney ratio (H/R) and liver attenuation intensity, offer
opportunities for early assessment of steatosis [15].

2. Magnetic resonance spectroscopy (MRS):
MRS stands out as the most accurate non-invasive
method for quantifying liver fat, based on the sepa-
ration of the proton signal to differentiate between
fat and water fractions. Magnetic resonance imaging
that determines the proton density of the fat fraction
(MRI-PDFF) is a proven tool for assessing liver fat
content, with a relative reduction in liver fat content
of 30% associated with an improvement in the histo-
logical condition of MAFLD. However, limitations in-
clude patient discomfort, cost, and limited availabil-
ity.

3. Transient elastography (TE): TE using a Fi-
broscan device with an M sensor assesses liver fibro-
sis, while the controlled attenuation parameter
(CAP) simultaneously assesses steatosis. The XL
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probe improves accuracy in obese individuals, but
limitations remain, particularly in predicting signifi-
cant liver fibrosis in severely obese individuals
[12,13]. Fibrotouch liver elastography is becoming a
cost-effective and simple alternative for assessing fi-
brosis in all patients, regardless of obesity status.

4. Magnetic resonance elastography (MRE):
MRE assesses liver stiffness, offering an accurate as-
sessment that is independent of BMI. However, its
implementation is hampered by cost, availability,
and time constraints on examination.

Early-stage MAFLD biomarker

An important milestone in the field of internal
organ pathophysiology was the discovery of the
mechanism of the canonical Wnt signaling pathway.
This pathway, which relies on B-catenin, regulates
adipogenesis in a complex manner and triggers cell
apoptosis in various organs and tissues of the body
[10,13]. In addition, its involvement in the genesis of
insulin resistance has been emphasized [9,10].

The Wnt pathway is initiated by the Frizzled
family of transmembrane proteins, as discovered by
Vivian S.W. Lee et al. in 2012. Among these proteins,
secreted Frizzled-related protein-4 (SFRP4) has be-
come a key player, demonstrating an affinity for liver
tissues and confirming its profound importance in
the progression of non-alcoholic fatty liver disease
(MAFLD) [11,12].

Despite these successes, the diagnostic poten-
tial of serum SFRP4 in MAFLD remains largely unex-
plored. Thus, a thorough investigation of the sensi-
tivity, specificity, and practical utility of serum
SFRP4 expression levels as an early-stage MAFLD bi-
omarker is urgently needed and warrants further
study.

This discovery not only sheds light on the
complex interactions of molecular pathways in the
body, but also opens up prospects for the develop-
ment of diagnostic and therapeutic strategies for the
treatment of MAFLD and related metabolic disor-
ders.

Conclusions and prospects

Significant progress has been made in eluci-
dating the pathophysiology of hepatic steatosis and
non-alcoholic steatohepatitis (NASH). However, the
transition from NASH to fibrosis, which is the most
important factor determining mortality in patients
with MAFLD, remains poorly understood. This
knowledge gap highlights the need for further re-
search aimed at uncovering the mechanisms that de-
termine MAFLD progression.

Identifying accessible non-imaging tools and
accurate biomarkers is crucial for improving MAFLD
treatment and validating new therapies in clinical
trials. Non-invasive and inexpensive methods for ac-
curately determining the stage of MAFLD progres-
sion are urgently needed to improve patient care.

Despite recent advances, there is still an un-
met need for reliable biomarkers and cost-effective
non-invasive tools to accurately determine the stage
of MAFLD progression. Addressing these gaps will fa-
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cilitate early diagnosis, risk stratification, and treat-
ment monitoring in patients with MAFLD.

The 2018 ASSLD practical guidelines state
that weight loss reduces liver steatosis, achieved
through a low-calorie diet, increased physical activ-
ity, or both. A combination of a low-calorie diet and
moderate-intensity exercise is most likely to resultin
sustained weight loss over time. A 3-5% reduction in
body weight improves steatosis, and a 7-10% reduc-
tion in body weight is necessary to improve condi-
tions, including fibrosis [13].

Although inflammation plays an important
role in disease progression, the strongest predictor
of mortality in patients with MAFLD is liver fibrosis.
Among patients who lost ~10% of their body weight,
90% showed improvement in MAFLD, and approxi-
mately ~45% showed regression of fibrosis. Life-
style interventions that combine calorie restriction
and exercise have a greater effect on reducing liver
fat [14]. However, more than 50% of patients in-
cluded in clinical trials were unable to achieve this
level of weight loss. Therefore, despite the fact that
lifestyle interventions have a positive effect on the
course of MAFLD, it is difficult to achieve sustainable
lifestyle changes.

Dietary interventions improve MAFLD pro-
gression with or without physical activity; however,
the composition of the diet and eating patterns re-
main controversial [13,14,15]. The picture is some-
what clearer with regard to physical exercise, as
most clinical and preclinical studies show that all
types and intensities of physical exercise have a pos-
itive effect on MAFLD. Physical exercise has been
shown to reduce liver steatosis, liver enzyme levels,
blood glucose and insulin levels, and improve the li-
pid profile, both with and without dietary interven-
tions. Even without weight loss, regular physical ex-
ercise reduces liver lipid levels.

In conclusion, despite the progress made in
understanding the pathophysiology of MAFLD, sig-
nificant challenges remain in translating this
knowledge into effective treatments. Continued re-
search aimed at elucidating the mechanisms of
MAFLD progression and developing new diagnostic
strategies is essential to improve patient outcomes in
the face of this growing epidemic.
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