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Pesiome

HeankoronbHas xuposas 601e3Hb neveHn (HAXKBIT) B HacTOAWMIA MOMEHT BpeMeHM NpeACTaBAfeT CO60I CepbesHyo MeAMKO-coLManbHyto npobe-
MYy AnA 06LeCTBEHHbIX CUCTEM 3/1paBOOXPaHEHNS B CBA3M C ee LIMPOKUM PacrpoCTpaHeHVeM, NMOTeHLMabHbIM PUCKOM Pa3BUTUA LIMPPO3a NeYveHn
(L) v renaTouenntonspHoit KapumHomsl (ILK). Kpome Toro, Hanmume HAXKBI B cOMaTUHECKOM KOHTMHYYMe MaLMeHTa COMpSKEHO C JOCTOBEp-
HO 60/IbLUEN YACTOTOM PasBUTUA CepAEYHO-COCYANCTBIX COBbITUI U caxapHoro avabeta Tuna 2 (CA2). Hanbonee yacto HAXKBI peructpupyercs
Y NaLUMeHTOB C U36bITOYHOM Maccoi Tena. OTAe/IbHOro BHUMaHUA UCCaeA0BaTe e U KAMHWULMCTOB 3acyMBaloT naumerTsl ¢ HAXKBI, umetowwve
HOpMasibHYto Maccy Tesia. HecMoTpA Ha, Ka3anock 6bl, 0THOCMTE/IbHO 61aroNpUATHBIN NPOPU/IL «MeTaboIMYECKOrO 3/J0POBbA» PUCK NPOrpeccmpo-
BaHua HAXKBI B LM 1 TLK, a Takke conpAXeHHOCTb C CepAe4HO-COCYANCTbIMU COBLITUAMK B 06CYXAaeMol rpyrne naLMeHToB HUYYTb He MeHblle,
yeM B rpynne naumeHToB ¢ HAXKBI 1 BbICOKMM MHAEKCOM Macchl Tena (MIMT). OTCcyTCTBME paHHUX CUMMTOMOB M HapyLUEHW CO CTOPOHbI HEKO-
TOPbIX MOKasaTe/el, XapaKTepusytolWnx «MeTabomyeckoe 340poBbe» Yy naymeHtTos ¢ HAXKBI 1 HopMasibHOM Maccoi Tena, cnocobCTBYeT No3s-
Hell 1 HeCBOeBpeMeHHOW AMarHoCTMKe 3aboneBaHNA NeYeHn 1, KaK Ce/CTBUe, ero NpPOrpeccMpoBaHNi0 U GOPMUPOBAHUIO TAXKE/bIX COCYANCTbIX
1 MeTabo/IM4eCKUX HapyLUeHWiA B noc/iesytouleM. B npeactaBneHHOM 0630pe aBTOPbI Npej/iaraloT HEKOTOPbIe 3MUAEMUO/IOrMYecKMe AaHHble O pac-
npoctpaHeHHocT HAXKBI y naumeHTOB ¢ HOpMasibHOW Maccoi Tena, BapuaHTax KanmHudeckoro TedyeHna HAXKBI y obcyxgaemoli rpynnbl nauueH-
TOB U MpeA/iaraloT cAenaTbh 0Cobblil aKLLEHT Ha O4YeBU/AHYIO HEOBXOAUMOCTL 3HAaUUTE/IbHO 60/1ee LWMPOKOro BOB/I@YEHMA NALMEHTOB C HOPMa/lbHOW
Maccovi Tena B KAMHWYECKME 1 Hay4Hble MCCNe0BaHNsA, NOCBALLEHHbIE AeTa/lbHOMY M3y4eHMIO NaToreHesa, BONMPOCOB OPraHM3aunn MeAULUHCKOM
nomouym n nevenna HAXKBIM.

KnroyeBbie cn0Ba: HeanxozobHas #uposas 60/e3Hb neYeHu, UHCYNUHOPEe3UCMEHMHOCMb, UHOEKC MacCbl mena, caxapHbili duabem 2, yuppo3
neyeHu
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Abstract

Nonalcoholic fatty liver disease (NAFLD) is currently a serious medical and social problem for public health systems due to its high prevalence,
potential development of liver cirrhosis (LC) and hepatocellular carcinoma (HCC). In addition, the presence of NAFLD in the patient’s somatic
continuum is associated with a significantly higher incidence of cardiovascular events and type 2 diabetes mellitus (T2DM). The most frequent
NAFLD is registered in patients with excessive body weight. Patients with normal body weight deserve special attention of researchers and clinicians.
Despite the seemingly relatively favorable profile of “metabolic health”, the risk of progression of NAFLD to CKD and HCC, as well as conjugation with
cardiovascular events in this group of patients is no less than in the group of patients with NAFLD and high body mass index (BMI). The absence of
early symptoms and abnormalities of some indicators characterizing “metabolic health” in patients with NAFLD and normal body weight contributes
to late and untimely diagnosis of liver disease and, as a consequence, its progression and the formation of severe vascular and metabolic disorders in
the future. In the presented review the authors offer some epidemiological data on the prevalence of NAFLD in patients with normal body weight,
variants of the clinical course of NAFLD in the discussed group of patients and propose to make a special emphasis on the obvious need for a much
wider involvement of patients with normal body weight in clinical and scientific studies devoted to a detailed study of the pathogenesis, issues of
organization of medical care and treatment of NAFLD
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NAFLD is a chronic, progressive disease, the cause
of which is fat accumulation in hepatic cells and sub-
sequent pericellular inflammation, triggering universal
fibrogenesis processes facilitating HC and HCC [1-3].
Of note, NAFLD is a diagnosis by exclusion: while
searching for the final diagnostic concept, it is necessary
to rule out a number of monogenetic causes — viral,
autoimmune, other metabolic liver disorders, which
morphologically manifest as steatosis; some drug-
induced injuries to the liver, excessive drinking. Since
the first description of NAFLD in the late 1990s [1-3],
this clinical-morphological hepatic disorder has taken
the lead in terms of the incidence and the number of
associated HC and transplantation cases in the corre-
sponding statistical reports in Europe and the USA [3].
Moreover, numerous epidemiological experimental
development models of some chronic non-infectious

disease clearly show that NAFLD morbidity will
rise [4, 5]; it means a significant increase in the detec-
tion rate of DM2 and cardiovascular conditions as well
as associated chronic cardiac failure (CCF).

1. Overweight is currently seen as the main cause
and trigger of NAFLD, which is confirmed by the data
from large-scale population studies: the incidence of
NAFLD grows in parallel with an increase in BMI [1, 4].
At the same time, clinicians can clearly identify two spe-
cial categories among their patients: first — overweight
individuals with normal fat content in their hepatic
tissue; second — individuals with normal BMI, no insu-
lin resistance and DM2 and with clinical-morphological
signs of NAFLD. Data from previous epidemiological
studies (Dionysos study in Europe) show that the inci-
dence of NAFLD among individuals with normal BMI
can be 16-18% [1, 4, 6]. Asian epidemiological studies
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among subjects with chronic non-infectious diseases
reported NAFLD in 20-22% of population with normal
weight; in the analysed cohort, the most common fac-
tors of metabolic disorders were hyperuricemia, high
pro-inflammatory cytokine levels, age over 50 years
old, male sex [3, 7, 8]. The data summarised until
now allowed a number of researchers to introduce a
new definitive term into clinical practice — “NAFLD
in slim individuals/NAFLD in patients with normal
body weight” (initially, this phenotype was described as
NAFLD in individuals with BMI of < 30 kg/m? how-
ever, since the body weight is not a diagnostic crite-
rion of NAFLD, the term “NAFLD in slim individuals/
NAFLD in patients with normal body weight” was pro-
posed [1, 4]. In this regard, it is advisable to remind
obesity classification depending on BMI:

o Deficient body weight: BMI of 18.5 kg/m? or less.

» Normal body weight: BMI varies from 18.5 to

25 kg/m?.

o Pre-obesity: BMI of 25 to 30 kg/m?.

o Stage 1 obesity: BMI of 30 to 35 kg/m?

o Stage 2 obesity: BMI of 36 to 40 kg/m?

o Stage 3 obesity: BMI of over 40 kg/m? and obe-

sity is usually associated with a pathology.

Despite the fact that NAFLD in individuals with
normal body weight is not a rare phenotype of this
disease, pathophysiologic mechanisms of its develop-
ment are still far from being clear. It is obvious that not
all people with normal body weight and NAFLD have
metabolic disorders, which would made them suscep-
tible to hepatic dysfunction. Therefore, a thorough
study of the causes and detailed explanation of the
pathophysiologic mechanisms of NAFLD in patients
with normal body weight become an important task
for future researches and clinical practice. The evalua-
tion of environmental factors, occupational character-
istics, genetic status, lifestyle becomes the benchmark
in the thorough study of this population. Assuming
various causes and possible mechanisms of NAFLD in
patients with normal body weight, the disease is likely
to develop similar to patients with a higher BMI. This
fact can evidence that excessive fat tissue in a patient
is not a mandatory condition for non-alcoholic steato-
hepatitis (NASH), progressive fibrosis, HC and HCC.
Moreover, some clinical and pathomorphological stud-
ies show both higher severity of liver involvement and
higher mortality rates among patients with normal
body weight or even lean patients with NAFLD vs.
patients with excessive BMI [9].

Given relatively few symptoms of NAFLD and the
absence of marked changes in laboratory results and
almost normal anthropometric measurements, it is
quite challenging for a clinician to suspect a hepatic
disorder in individuals with normal body weight.

NAFLD epidemiology in patients
with normal body weight

Traditionally, the incidence of NAFLD in the pop-
ulation was nearly always evaluated with the use of a
single criterion — BMI, with the normal value being
below 25 kg/m? This BMI value us used mostly in
European or North American epidemiological popula-
tion-based studies, whereas in numerous similar stud-
ies conducted in Asia or Pacific, the normal BMI value
is below 23 kg/m? [4]. Anyway, when these values are
used separately for various populations with normal
BMI, the incidence of NAFLD varies greatly and makes
5-34% (Figure 1).

A number of factors significantly impacted this
marked difference in the NAFLD incidence rates in
patients with normal body weight: study design; diag-
nostic methods used for NAFLD patients; study loca-
tion; sample uniformity and size; and groups selected
for a comparative analysis. Some studies used very
thorough and objective methods for NAFLD diagno-
sis; e.g., fine-needle aspiration of the liver, which used
to be the golden diagnostic standard for this disease.
In other patients, other methods were used: magnetic
resonance imaging with the use of specific applications
for processing and interpretation of the data; computer
tomography; controlled signal attenuation parameter;
traditional ultrasonic examination of the abdominal
cavity; and in a number of cases, the diagnosis was
based mostly on laboratory result interpretation (trans-
aminase, bilirubin, protein synthesis ability of the
liver). As shown in Figure 1, the highest NAFLD inci-
dence rates were recorded in India (mostly in males),
in people, who look healthy and do not smoke and have
sedentary lifestyle. Overall, ethnic population-based
studies showed that in Asian males, the insulin resis-
tance rates are almost 3.5 times higher than in African
American and Caucasian males. Besides, fat content
in the liver of Asian males is almost two times higher
than in other ethnic populations [4, 10]. Thus, it can
be assumed that this population (males of the Indo-
Asian origin) is the most susceptible to NAFLD. One
published meta-analysis, which comprises data from
84 studies with the total number of subjects exceeding
ten million people, demonstrated that among patients
with NAFLD, about 20% of the total number of analysed
subjects had normal body weight or were lean (95% CI;
15.9-23.0) [11]. An analysis of the general population
in 23 studies, comprising over 113,000 patients irre-
spective of the presence or absence of NAFLD, dem-
onstrated that just 5.1% of subjects (95% CI; 3.7-7.0)
had NAFLD with a normal BMI. At the same time, in
19 studies with over 45,000 of subjects with a normal
BMI value, included in the analysis, 11% (95% CI; 7.8-
14.1) had NAFLD. It is quire obvious that the data are
significantly non-homogenous; however, in Europe in
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general, the incidence of NAFLD in individuals with
the normal body weight was higher than in other loca-
tions. Interesting data were reported in the Global
NAFLD/NASH Registry from 18 countries, which
demonstrated that approximately 8% of all patients
had normal BMI, fewer individual diagnostic signs of
metabolic syndrome and a lower rate of hepatic cir-
rhosis (the sign was evaluated at the first visit to the
doctor, taking into account the assumed disease dura-
tion) [4, 12].

Current epidemiological data demonstrate growing
incidence of NAFLD not only among obese patients, but
also in individuals with the normal body weight. Recent
studies showed that over the past 15 years, NAFLD
morbidity almost doubled: from 5.6% in 2000 to 12.6%
in 2023, respectively [11, 12]. Individual population-
based studies demonstrate different NAFLD rates in
various geographic regions and ethnic groups with
overweight, but not obesity (BMI < 30 kg/m? for Euro-
peans and < 25 kg/m? for Asians). A Hong Kong study
in 911 subjects, who met the analysis inclusion criteria
and were selected from census databases, showed that
the incidence of NAFLD in this population was 19.4%,
in Japan — 15.2%, in Belgium — 2.8% [11, 13]. In this
regard, the question “How reliable is the use of BMI
as a screening benchmark in patients with suspected
NAFLD?” remains highly disputable.

Clinical features and laboratory
attributes of NAFLD in patients
with the normal body weight;
outcomes and mortality rates

The results of recent published studies show a ten-
dency that non-obese patients with diagnosed NAFLD
have better metabolic health background (Table 1).

For instance, fasting plasma triglyceride and glucose
levels, high density lipoprotein, adiponectin, Homeosta-
sis Model Assessment of Insulin Resistance (HOMA-IR),
and waist circumference in the mentioned population
are very often intermediary. The sex and age distribution
demonstrates that younger men are the most numerous
cohort of patients with NAFLD and normal body weight
vs. overweight patients, where women prevail. Besides,
according to the results of a multifactor analysis of the
aggregate data from the National Health and Nutri-
tion Examination Survey (NHANES III) in the USA,
DM2 and arterial hypertension are more common for
overweight individuals with NAFLD; in terms of eth-
nicity, this group included mostly Latin Americans [11,
13]. Nevertheless, a lot of researchers point to the simi-
larity of pathogenetic links of NAFLD development in
patients with normal body weight and obese individu-
als, and emphasise a similarly higher risk of metabolic
disorders in both groups vs. general population.
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Table 1. Clinical characteristics and mortality associated with NAFLD in non-obese patients

The patient’s metabolic profile

Mortality rate

The predominance of young men, normal blood pres-
sure, higher hemoglobin levels, lower prevalence of
metabolic syndrome, less pronounced liver fibrosis

The obvious prevalence of men, higher levels of fast-
ing plasma glucose, insulin, HOMA-IR, uric acid; no
differences in metabolic parameters compared with

The predominance of males, mostly of non-Caucasian
origin, a lower prevalence of T2DM, lower levels of
cytolysis enzymes and HOMA-IR, a lower degree of
steatosis with a morphologically greater severity of

Waist circumference, levels of liver enzymes — AST,
ALT, GGTP, levels of the main parameters of the ath-
erogenic fraction of the lipidogram, fasting plasma
glucose, HOMA-IR had intermediate values between
those in healthy people and in patients with NAFLD

Less pronounced arterial hypertension and thinner

Older age, lower levels of transaminases, and lower
representation of NASH as a form of NAFLD at the

The Average
author of age of Region BMI
the study | patients
Akyuz [8] 41.2+11.8 Turky 23.6+1.3
Kim [7 ] 51.6+9.7 Korea 23.4+1.3
overweight patients
Cruz[9] 42.4+8.4 USA 23.141.7
inflammation
Feldmann  56.7+12.9 Austria 23.6+1.8
(10]
and obesity
Francan- 45.7+412.9 Italy 23.0+1.2
zani [5 ] intima media in the carotid arteries
Hagstrom  51.4+13.4 Sveden 23.1+2.7
(12]
monitoring initiation stage,
Lee [13] 43.4+6.6 China 20,2+ 1.4

Predominance of males, lower expression of transam-
inases, intermediate values of fasting plasma glucose

Mortality is similar in patients with
NAFLD and obesity

Higher risk of mortality from cardio-
vascular events and overall mortality
compared to patients with normal
body weight without NAFLD

Higher overall mortality compared to
patients without NAFLD

Higher overall mortality compared to
patients without NAFLD

No long-term mortality study has been
conducted

Similar overall mortality with patients
with NAFLD without obesity, higher
mortality from cardiovascular events

No long-term mortality study has been
conducted

and HOMA-IR

Fascinating and sometimes very ambiguous are
the published data on outcomes and mortality rates in
patients with normal body weight and lean patients with
NAFLD. For example, studies in the Swedish cohort of
patients with NAFLD and normal body weight, despite
a relatively favourable prognosis at the beginning of
the observation period (during the first three years of
the follow-up, there was a lower incidence of an active
parenchymal process — steatohepatitis and marked
fibrosis), later demonstrated a significantly higher risk
of hepatic disorders vs. patients with a higher or even
high BMI, including adjustment for age and fibro-
sis stage by the start of the observation [4, 11]. The
obtained data supported significantly higher rates of
NAFLD progression in patients with the normal body
weight and lean patients. Another cohort-based study
conducted among lean patients with NAFLD in Italy,
UK, Australia, and Spain, where the total number of
subjects was 1,339, with the follow-up period of eight
years, showed potential development of diabetes, acute
cardiovascular diseases, HCC and other intrahepatic
cancer in 8.9% of cases [11, 13]. Even of more interest

are the data from the National Health and Nutrition
Examination Survey III (NHANES III) registry, with
the average dynamic follow-up and periodic exami-
nation of patients during 18 years. It has been shown
that, for instance, the weighted unadjusted all-cause
mortality was higher in patients with NAFLD vs. lean
subjects without NAFLD (40.9% vs. 17.9%; p < 0.001).
The adjusted risk factor of all-cause mortality (HR)
in non-obese patients with NAFLD was 2.44 (95% CI;
1.77-3.37) and remained statistically significant even
after adjustment for comorbidity, metabolic factors, sex
and age, and other demographic parameters. A separate
adjustment for demographic variables demonstrated
that the cardiovascular mortality was significantly
higher in lean patients with NAFLD (15.1% vs. 3.7%;
p < 0.001). Thus, the cardiovascular mortality in this
population grew by 240%! The most common causes
of death in patients with the normal body weight and
NAFLD were malignancies (25.7%), cardiovascular dis-
eases (21.6%) and infections (13.5%). Another recent
study [13], which is of utmost interest, demonstrated
that the aggregate all-cause mortality in lean patients
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with NAFLD was significantly higher (76.3%) than
in patients with NAFLD and normal BMI (51.7%),
patients with NAFLD and higher BMI (27.2%) and
patients without NAFLD (20.7%) over the ten-year fol-
low-up period. A separate adjustment, which showed
the development of cardiovascular conditions in this
study, demonstrated in the long-term follow-up the
following: 16.9% in lean patients with NAFLD, 5.6% in
patients with NAFLD and normal BMI, 8.8% in patients
with NAFLD and high BMI; p < 0.001.

Of interest are the studies, which show significantly
lower serum phosphatidylcholine and lysophospati-
dylcholine levels and higher glutamate concentrations
in patients with NAFLD with normal body weight and
lean patients vs. a similar population without NAFLD.
Glucose tolerance impairment in patients with NAFLD
and normal body weight was similar to that in obese
patients with NAFLD; DM2 rates were almost the same
(approx. 30%). This proves the idea that fat accumu-
lation in the liver can play a vital role in the develop-
ment of insulin resistance and DM2 even without obe-
sity [14, 15].

Based on the mentioned studies, the following con-
clusion can be made: despite less body fat, less marked
dyslipidemia, lower transaminase levels, the risk of
cardiovascular disease, progressive hepatic conditions,
malignancies and all-cause mortality associated with
NAFLD in patients with the normal body weight and
lean patients is the same or higher than in individu-
als with a higher BMI. The causes of such an increased
risk are still unclear; this phenomenon can be associ-
ated with specific NAFLD pathogenesis in non-obese
patients.

Hypothesised causes of NAFLD
in patients with the normal body
weight

Numerous recent clinical and epidemiological stud-
ies show a number of important factors facilitating
development of NAFLD in patients without excessive
body weight. These key factors include environmen-
tal factors (diet and eating behaviour), genetic factors,
endocrine dysfunction. No doubt, these factors inter-
act and impact the possibility of NAFLD development,
often if there is more visceral fat, irrespective of BMI.
It allows making an assumption about a “common met-
abolic pathway” underlying NAFLD, irrespective of the
body build.

Environmental factors:
diet and eating behaviour

Excessive consumption of saturated fats and animal
protein, sucrose and highly refined carbohydrates is

the main component in the development of NAFLD
[1, 4]. Regular consumption, e.g. of sugar-containing
beverages, is closely associated with the development of
NAFLD in children and adults. It has been shown that
individuals with NAFLD consume three times as many
sugared beverages as individuals without NAFLD [16-
19]. Fructose is a simple sugar, which, together with
glucose, forms sucrose, i.e. table sugar. Experiments
and clinical practice have demonstrated that regular
fructose consumption significantly boosts steatogenesis
de novo in the liver, causing mitochondrial disorienta-
tion, marked endoplastic reticulum stress, and reduces
fatty acid oxidation, leading to significant shifts in bio-
coenosis of gut microflora, the most active component
of a number of metabolic processes in the body. Such
shifts facilitate the development of parenchymatous
hepatic inflammation and create conditions for insu-
lin resistance [17]. Regular consumption of fructose
and NAFLD development are the subject of numerous
studies [4, 16]. For example, correlation between regu-
lar fructose consumption and a more advanced stage
of fibrosis in patients with NAFLD and higher rates of
its active form (steatohepatitis) has been demonstrated;
this correlation is clearly observed in children [17].
Until now, the main dietary recommendations for
patients with NAFLD were related mostly to individu-
als with a high body weight. When comparing, for
instance, diets with restricted consumption of facts
and carbohydrates in obese patients with NAFLD, only
restricted consumption of carbohydrates allowed to
significantly reduce fat deposits in the liver, together
with a reduction in insulin resistance, abdominal obe-
sity and total fat weight [20, 21]. Eight to ten weeks of
restricted consumption of highly refined carbohydrates
(fructose, glucose) in young men with NAFLD signifi-
cantly reduced fat deposits in the liver and body weight
values and completely normalised liver transaminase,
gamma glutamine transpeptidase and total cholesterol.
At the same time, liver fat reduction did not depend on
changes in the body weight or obesity [22]. Isocaloric
sugar replacement with starch for ten days (!) resulted
in decrease in visceral fat, total fat in the liver, reduc-
tion in insulin resistance and steatogenesis de novo
in obese children, who previously reported high daily
consumption of sugar (over 50 g daily) [22]. Favour-
able impact of the diet with low fructose content, low
glycaemic load and glycaemic index on the metabo-
lism parameters was observed in children with NASH,
who previously consumed significantly more fructose
vs. children in general population [17]. Taking into
account the mentioned data, the European Association
for the Study of the Liver (EASL) recommends that
people living with NAFLD follow the Mediterranean
diet and exclude fructose and ultra-processed food
from their diet [2, 4]. For patients with NAFLD and
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the normal body weight, some components of the diet
become extremely important. For example, choline
deficit in volunteer males caused a significant increase
in transaminase levels and fat accumulation in the liver
tissue [20]. Other studies in NASH Clinical Research
Network [20, 21] demonstrated that choline deficit in
the diet of postmenopausal women for a month and
a half resulted in significant shift in the liver func-
tion tests and was associated with marked hepatic
inflammation. Adequate daily choline consumption is
550 mg for men and 425 mg for women; however, the
majority of people often fail to consume the required
amount of choline [15]. Since choline is a compound
found mostly in animal-derived products, the chance
of NAFLD in vegans and vegetarians is significantly
higher [14, 15, 20, 21].

Choline biosynthesis is actively facilitated by phos-
phatidylethanolamine N-methyl transferase (PEMT),
which catalyses phosphatidylcholine synthesis. Phos-
phatidylcholine is an integral component of the lipo-
protein secretion system, particularly that of low den-
sity lipoprotein (LDL), in the liver [15]. Studies show
that in individuals with NASH, PEMT expression was
lower than in patients with simple steatosis; also, PEMT
expression correlated with the platelet levels in the
course of fibrosis progression in patients with NASH.
It is interesting to note that numerous studies demon-
strated a remarkable pattern: lower PEMT expression
in lean patients and individuals with normal BMI [23,
24]; in animal models, it has been reported that PEMT
-/- mice were protected against obesity, despite fat rich
diet. PEMT gene is regulated by oestrogen, that is why
choline deficit can be most obvious during menopause,
manifesting as body weight gain, a higher risk of insulin
resistance and development of NAFLD. To sum up the
analysed results, we can conclude that choline deficit,
caused by low PEMT expression or insufficient con-
sumption with food, can be associated with potential
development of NAFLD and is a condition for condi-
tion progression, especially in individuals with normal
body weight.

Extremely important environmental factors
impacting NAFLD development are smoking and alco-
hol consumption. Strictly speaking, the diagnostic
criteria for NAFLD suggest absence of any significant
alcohol consumption; however, currently, significant
alcohol consumption has a very broad interpretation.
For example, in the USA, the acceptable weekly alcohol
consumption for men and women is 294 g and 196 g,
respectively; in Europe, these values are lower: 210 g
and 140 g, respectively. Values for the Asians are even
lower: 140 g for men and 70 g for women [24, 25].
Currently, numerous epidemiological studies evalu-
ate the impact of alcohol consumption on the course
of NAFLD. For instance, a detailed examination of the

French cohort with NAFLD demonstrated significantly
higher mortality rates in patients, who consumed
7 units of alcohol a day (i.e., 56 g of absolute ethanol),
while consumption of less than one unit per week was
associated with higher survival rates [26, 27]. The
impact of alcohol on liver diseases is especially obvious
in obese individuals: with BMI > 30 kg/m?, the liver
toxicity of alcohol doubles and significantly increased
the chance of HCC [27, 28].

Smoking is another significant factor in NAFLD
progression. Large-scale Asian studies demonstrated
that fibrosis progression rates in smokers with NAFLD
were almost two times higher than in non-smokers in
the same cohort [29].

Genetic factors

There is no doubt that obesity is the most significant
independent risk factor of NAFLD, even with adjust-
ments to sex, arterial hypertension, age, and metabolic
health markers (homocysteine, lipid profile, trans-
aminase, uric acid, fasting plasma glucose levels). It is
obvious that there is a specific cohort of patients, who
do not develop NAFLD even with obesity and chronic
excessive calorie consumption. At the same time, it is
well-known that there is J-shape correlation between
NAFLD and BMLI. It is worth noting that the risk of liver
disorders is also significantly higher in individuals with
BMI below 19 kg/m? [1, 5, 6, 9]. All this evidences the
presence of a genetic component in the development of
NAFLD — candidate genes, the activity of which can be
associated both with NAFLD development and a pro-
tective role in its prevention.

The studies of gene PNLPA3 polymorphisms in
the development and progression of NAFLD are well-
known [23, 30, 31]. For example, the single nucleo-
tide polymorphism, associated with 1148M (rs738409)
replacement in gene PNPLA3, is the key genetic risk
factor of NAFLD, while identification of this polymor-
phism is an advisable component of examination of
patients with NAFLD in numerous clinical guidelines
in the European Union and USA [23]. Close associa-
tion between NAFLD development and progression
and polymorphisms of genes MBOAT7 (membrane of
domain O-acyltransferase 7) and TM6SF2 (antigen 2 of
transporter 6 transmembrane family) has been iden-
tified. It is worth noting that all these studies were
conducted only in obese or overweight individuals,
whereas in patients with NAFLD with the normal body
weight or lean patients, the study of genetic polymor-
phism of a number of candidate genes is described in
very disorganised and sporadic publications [1, 4, 23].
Therefore, of note is a study of Japanese researchers [4],
who evaluated the incidence of NAFLD in various com-
munities of obese and overweight patients and patients
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with the normal body weight. The authors conclude
that genotype PNLPA3 rs738409 (GG, homozygotic
variant) doubles the risk of NAFLD in patients with the
normal body weight vs. obese and overweight patients,
who did not have mutation in this gene. At the same
time, using the BMI-based classification, there were
no differences in the incidence of genetic variants of
genes MBOAT7 and TM6SF2 in the mentioned groups
of patients. One European study [4] in 187 Austrian
citizens showed a higher incidence of the risk allele
(rs738409) of gene PNLPA3 in individuals with NAFLD
and the normal body weight vs. obese and overweight
patients: patients with the normal body weight had the
risk allele in 4% of cases, whereas other patients had
this allele only in 0.3% of cases. Similar rare studies in
patients with the normal body weight and NAFLD, con-
ducted in various geographic locations (Europe, South
and Southeast Asia, Japan), demonstrated the same pat-
tern: the incidence of the risk allele rs738409 of gene
PNLPA3 was significantly higher in patients with the
normal body weight and lean patients with NAFLD vs.
obese and overweight individuals [4, 23].

The risk allele AA of variant V175M (rs7946) in
gene PEMT, causing the loss of its activity, was reported
1.7 times more often in the group of patients with
NAFLD vs. controls [23]. Other genetic polymorphisms
of PEMT (rs4646343, rs3761088, rs12325817) were
associated with intensive triglyceride accumulation in
hepatic cells because of restricted choline diet [4, 23];
allele variants rs 4646365 and 1531100 were associated
with higher rates of NAFLD diagnosis in menopausal
women. Detailed exome sequencing in pooled results
from two patients with NAFLD and six healthy indi-
viduals showed that only allele variant rs7946 in gene
PEMT and rs2290532 in the gene associated with oxy-
sterole (OSBPL10) were closely related to NAFLD [23],
whereas another study [32], where the close associa-
tion between allele rs7946 of PEMT gene and the risk
of NAFLD was shown, did not observe any association
between variants of gene OSBPL10 with NAFLD.

Another group of very diverse genetic disorders
is lipodystrophies. This group is characterised by a
common phenotype: adipose tissue deficit without
obvious nutritional deficiency and active metabolism
[33, 34]. A typical pattern of these conditions is NAFLD,
the pathogenetic mechanisms of which are based on the
inability of the body to accumulate lipids in the form
of fats. For these conditions, typical pathogenic vari-
ants of genetic mutations have been identified, which
are often family-related: genes encoding hormone sen-
sitive lipase (LIPE), perilipin 1 (PLINI), peroxisome
proliferator-activated receptor gamma (PPARG), lamin
A/C (LMNA1), v-akt murine thymoma viral oncogene
homolog (AKT2), and cell death-inducing DFFA-like
effector (CIDEC) [4, 33]. Hepatic steatosis in such

patients is observed almost in 100% of cases, thus
assuming that NAFLD in lean individuals can be a spe-
cific type of ectopic fat accumulation, the mechanisms
of which are similar to lipodystrophy. Later, the defini-
tion was given to the concept of polygene risk, related
to insulin resistance and marked reduction in fat mass
in the lower limbs, which are the integral signs of lipo-
dystrophy. Later researches showed that the polygene
index of the risk of lipodystrophy is closely associated
with NAFLD, severe fibrosis and reduction in fat mass
in the lower limbs [34].

Endocrine and other factors
of NAFLD development

in patients with the normal
body weight

Endocrine disbalance is another factor of NAFLD.
It is well known that the risk of NAFLD is significantly
higher in postmenopausal women [4, 35]. This fact
can be explained by the loss of oestrogen protection
together with increasing body weight, dyslipidaemia
and impaired glucose tolerance. Another known hor-
monal factor of NAFLD and NASH is hyperandrogen-
ism, irrespective of resistance and obesity. An increased
circulating testosterone level was associated with
a higher degree of steatosis, higher levels of pro-
inflammatory cytokines and fibrosis stage in middle-
aged women [35]. A completely separate form of liver
damage is NAFLD in patients with hypothyroidism.
Hormone replacement therapy has obvious favourable
effect on steatosis regression, reduction of fibrosis, and
biochemistry normalisation [36]. Currently, there are
no proper studies of the characteristics of the endo-
crine profile in patients with NAFLD and normal body
weight.

When thinking about possible pathophysiological
components of NAFLD development in individuals with
the normal body weight, it is essential to mention the
studies, which demonstrated synergetic effects of fats
and fructose on oestrogen deficit development, which
causes damage to hepatic cell functions [35]; similar
correlation was found between choline deficit and oes-
trogen levels, which can be associated with a higher
risk of NAFLD in the population under discussion. For
instance, the average hepatic fibrosis score in postmeno-
pausal women with NAFLD was significantly higher vs.
premenopausal women with NAFLD, despite almost the
same level of choline consumption with food. Besides,
it should be remembered that oestrogens are a potent
PEMT expression regulator: reduced oestrogen produc-
tion is associated with lower PEMT expression, which
is one of the most important pathophysiological mech-
anisms of NAFLD development in postmenopausal
women caused by chronic choline deficit [4, 15, 16, 20].
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Key considerations of NAFLD
screening and therapy in patients
with the normal body weight

Currently, there are no generally recognised and
accepted recommendations for patients with NAFLD
and normal body weight, despite high incidence of
NAFLD and unfavourable outcomes in the population
in question; none of the professional medical commu-
nities currently recommends screening among patients
with NAFLD and normal body weight. For example,
the practical guidelines of the American Association
for the Study of Liver Diseases (AASLD) do not rec-
ommend regular NAFLD screening even in high risk
groups (DM2, obesity) due to the lack of scientific
evidence, which could prove the efficiency of vari-
ous diagnostic approaches, therapy regimens and, as
a result, economic justification and adequate advan-
tages of the screening. There are various, sometimes
completely opposite, opinions in this regard. Some
specialists still recommend examination of patients
with an obvious risk of hepatic disorders: individuals
with DM2 or metabolic syndrome (MS); patients over
50 years of age. It is possible to use relatively simple
laboratory and imaging devices, forecasting algorithms
(complete blood count, blood biochemistry, abdomi-
nal ultrasound examination, various scales) to form an
idea of the degree of fibrosis and to forecast the rates
of its progression [37, 38]. However, to the contrary,
the European and Asian guidelines propose screening
among patients at the highest risk of NAFLD, including
patients with DM2 and obesity [38]. At the same time,
numerous local clinical guidelines and recommenda-
tions admit the presence of NAFLD in individuals with
the normal body weight and lean patients, especially
in those who show the signs of metabolic syndrome or
belong to the Asian population. It is obvious that the
development of consensus guidelines for the screening,
therapy, forecast, and evaluation of long-term risks is
essential for the optimal management of all patients
with NAFLD.

Currently, there are no direct indication of the
screening and therapy of NAFLD in patients with
the normal body weight in many guidelines. A lot of
important and fundamental questions arise: e.g., Is the
visceral fat, and not the total body fat content, a more
significant factor of NAFLD in patients with the normal
body weight vs. obese patients? If the answer is “yes”,
then are there currently more efficient alternatives to
the use of BMI as an obesity marker for the NAFLD
screening? There are a number of published studies
promoting the idea that waist circumference is a more
accurate indicator of adipose tissue distribution in the
body, meaning that this is a better method for iden-
tification of a cohort with a significantly higher risk
of cardiovascular diseases [1-3, 38, 39]. However, the

widespread introduction of this simple and inexpensive
diagnostic approach as a standard measure of obesity,
especially in primary case settings, requires complete
transformation of the diagnostic process. Waist circum-
ference measurement will be an important component
of obesity diagnosis, especially in patients with normal
BMI. The fundamental question can sound as follows:
“Is NAFLD in individuals with the normal body weight
a separate clinical entity, which requires specific diag-
nostic and therapeutic approaches, or is it a subtype
of the classic obesity-related NAFLD, responding to
weight management, management of hyperlipidemia,
arterial hypertension and insulin resistance?”. Even
in patients with the normal body weight with clinical
and morphological signs of NAFLD, many metabolic
health parameters are significantly altered: there are
differences in triglyceride levels, waist circumference,
log HOMA-IR, age, waist circumference vs. patients
with the normal body weight, who does not suffer from
NAFLD [38]. This fact allows drawing a conclusion that
NAFLD in individuals with the normal body weight is
a form of liver damage similar to that in obese patients
[3]. At the same time, individuals with the normal body
weight and NAFLD have a higher risk of hypertriglyc-
eridemia, insulin resistance, central obesity and hyper-
uricemia vs. obese patients [3, 39].

We believe that this is essential to emphasise the
attitude of the cohort under discussion to the diet and
exercises. Numerous studies demonstrated that in over-
weight and obese patients with NAFLD, loss of 5% of the
baseline weight is associated with clinical and labora-
tory stabilisation of NAFLD in 75% of cases [40]. It was
found out later that a similar pattern can be observed in
patients with NAFLD and normal body weight: after the
loss of some weight (no more than 5% of the baseline
value) and exercises, 57% of patients with the normal
body weight showed repression of clinical and labora-
tory signs of NASH [22]. It is believed that the results can
evidence that weight management and controlled exer-
cises are useful and universal therapeutic approaches in
the management of all patients with NAFLD.

Recently, drug management of NAFLD has been
changing rapidly, and new approaches have been
appearing; at the same time, it is essential to understand
whether medicinal products developed for drug man-
agement of classical obesity-related NAFLD, are equally
efficient for NAFLD patients with the normal body
weight, which requires large-scale clinical trials. Such
clinical trials should be conducted without delay, and
potential efficacy of some drugs should be evaluated,
e.g., of sodium-glucose linked transporter 2 (SGLT2)
inhibitors, glucagon-like peptide 1 (GLP1) agonists,
obeticholic acid, pioglitazone and saroglitazar, a fixed
combination of antagonists of glucose-dependent insu-
linotropic peptide/glucagon-like peptide 1.
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Despite a lot of common pathophysiological com-
ponents of NAFLD in individuals with various body
weight, it is necessary to clearly define the key aetiologi-
cal and pathophysiological factors, environmental fac-
tors, genetic characteristics in order to shape an indi-
vidualised approach to the selection of the therapy and
management of NAFLD patients with the normal body
weight. The role of various diet factors and a specific
nutrition composition have hardly been studied and
compared to other significant risk factors of NAFLD in
patients with the normal body weight. Numerous stud-
ies consistently prove the correlation between hepatic
dysfunction and choline deficit, which is known to have
a specific phenotype of diet-mediated obesity resistance.
But are there any other nutrient factors, which might
facilitate NAFLD development; and if there are any such
factors, then how do they interact with functional genetic
variants, as it can be observed, e.g., between choline and
PEMT? Also, it is highly possible that there are other, yet
unknown, environmental factors, for instance, biologi-
cal or herbal supplements, promoting NAFLD develop-
ment in individuals with the normal body weight.

Recent attempts to use cluster analysis turned out
to be very interesting; it allows identifying five vari-
ous diabetes subtypes, each of which is very specific in
terms of patient characteristics and the risk of compli-
cations [39, 41]. It is obvious that the use of this clas-
sification model for patients with non-homogenous
disease brings about more targeted therapy and man-
agement approaches as compared to a universal prin-
ciple, which is currently applied. It is quite possible that
a similar cluster analysis could be used also to charac-
terise NAFLD progression: from the group of patients
with relatively benign disease progression to patients
with severe and progressive condition, which allows
developing various therapeutic strategies for the patient
management. Besides, studies in the group of NAFLD
patients with the normal body weight should continue
in order to evaluate the incidence of this form of disease
in various geographical locations and ethnicities and to
thoroughly analyse eating habits. An objective idea of
the long-term sequelae of NAFLD in individuals with
the normal body weight, characteristics of this disease
variant, its progression rates and progression-promot-
ing factors is the essential condition for the develop-
ment of an adequate therapeutic strategy in the patient
population in questions.

Other environmental factors such as intestinal dys-
biosis, malnutrition, long-term drug therapy, paren-
teral feeding are the subject of a separate discussion and
analysis of other, very versatile mechanisms of NAFLD
development, including patients with the normal body
weight [42, 43].

Therefore, NAFLD in patients with the normal body
weight is a frequent clinical condition. The phenotype

of these patients does not demonstrate (at least exter-
nally) any signs of metabolic illness as compared, e.g.,
to patients with NAFLD and obesity. It can be assumed
that NAFLD developing in patients with the normal
body weight and in lean patients is a clinical situation
promoted by a composition of several conditions: diet,
geographical location and ethnicity, genetic factors,
age, and eating habits. At the same time, like with many
things in life, a patient with the normal body weight is
not the primary target of an attending physician trying
to diagnose NAFLD and the rate of disease progression.
Diet, choline consumption, alcohol consumption, men-
strual function, age, ethnicity and geographical loca-
tion, as well as hormone status evaluation are the sub-
ject of a separate examination in NAFLD patient with
the normal body weight. In order to lower the NAFLD
incidence in the population under discussion, a thor-
ough development of screening for such patients, which
is not tied to BMI values, is required. This patient cohort
needs further thorough study; a therapeutic strategy
should be actively developed, and patients should take
more active part in clinical trials to evaluate the value
and significance of diagnostic approaches and planned
therapy.

Bknap asTopoB:
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