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METABOLICALLY ASSOCIATED FATTY LIVER DISEASE IN
PATIENTS WITH VERY HIGH CARDIOVASCULAR RISK:
PREVALENCE, CLINICAL SIGNIFICANCE, GENDER
DIFFERENCES

Introduction. Recently, metabolically associated fatty liver disease
(MAFLD) had been proposed as a new term. Due to increasing
prevalence, significant morbidity and hepatic and cardiovascular
mortality, the association of MAFLD with cardiovascular diseases is
gaining considerable relevance and needs further study. The aim of our
study was to determine the proportion of MAFLD among patients with a
very high cardiovascular risk, and to elucidate clinical features and gender
differences in this cohort.

Materials and methods. All patients underwent a comprehensive
examination to assess both cardiovascular risk and MAFLD. Hepatic
steatosis was diagnosed after liver ultrasonography. Participants who met
MAFLD criteria were included into the group 1 (n=77; 32 women, 45
men), other patients were assigned to the group 2 (n=39; 19 women, 20
men).

Results. Among patients with very high cardiovascular risk,
proportion of MAFLD was 66.7%. Although mild alanine
aminotransferase elevation was much more common among patients with
MAFLD (16 women (50.0 %) vs. 2 women (10.5 %) in group 2, P =
0.006; 21 men (46.7 %) vs. 2 men in group 2 (10.0 %), P = 0.005), none
of the participants met the criteria for steatohepatitis. Despite, the
presence of metabolic disorders in the vast majority of participants,
proportion of obesity, metabolic dyslipidaemia, prediabetes and type 2
diabetes were significantly higher in patients with MAFLD. Besides,
patients with MAFLD usually met 4 or 5 metabolic syndrome criteria, had
higher median values of lipid accumulation product (LAP) and HOMA-IR
index, but lower median values of Matsuda index. Significant direct
correlations were found between MAFLD and LAP, logarithmic index
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(TG/HDL-C), and HOMA-IR; negative correlations were observed
between MAFLD and insulin sensitivity indices. Women with MAFLD
had significantly higher median values of glycated haemoglobin, post-
load glucose, fasting insulin levels; there was direct correlation between
MAFLD and non-HDL-C. Among women with MAFLD, a history of
menopause before 45 years of age had 15 persons (46.9 %) vs. one person
(5.3%) in group 2 (P < 0.002); the median age when ASCVD was
diagnosed was 58.5 [53.0; 64.0] years vs. 68.0 [63.0; 69.0] years in group
2 (P = 0.002); cardiac valve calcinosis was detected in 31 women
(96.6 %) vs. 9 women (47.4 %) in group 2 (P = 0.0001); the left
ventricular myocardial mass (LVM) index was 77.5 [62.1; 86.9] g/m?7 vs.
64.0 [50.6; 74.0] g/m>” in women without MAFLD, 67.0 [55.1;
74.0] g¢/m?7 in men with MAFLD, and 63.9 [50.0; 73.5] g/m?’ in men
without MAFLD (Kruskal-Wallis ANOVA P <0.0001; median test
P=0.002). The prevalence of smoking and alcohol intake was significantly
more common among men (gender differences P <0.0001 and P=0.0001
in group 1; P = 0.0004 and P=0.0023 in group 2 for smoking and alcohol
intake, respectively). Men with MAFLD had significantly higher median
values of fasting plasma glucose, fasting and post-load insulin levels than
men without MAFLD; there was a significant direct correlation between
MAFLD and serum TG level. In addition, 11 men with MAFLD (24.4 %)
had hypertriglyceridemia >2.3 mmol/l that was not observed among men
without MAFLD (P=0.013). The proportion of men with fasting and post-
load hyperinsulinemia was much higher in group 1 than in group 2 (28
persons (62.2%) vs. 3 persons (15.0 %), P=0.0005 and 26 persons (57.8%)
vs. 2 persons (10.0 %), P = 0.0003, respectively).

Conclusions: among patients with a very high cardiovascular risk, the
prevalence of MAFLD was significantly higher than in the general
population. Concomitant MAFLD was associated with more severe
metabolic  disorders  (i.e., obesity, metabolic  dyslipidaemia,
hyperglycaemia, insulin resistance), which usually combined. The LAP
index is a simple available tool that may be used in routine clinical
practice to determine the need for MAFLD screening. Women with
MAFLD frequently had early menopause, cardiac valve calcification, and
much higher median value of LVM index; direct correlation was observed
between MAFLD and non-HDL-C. Men with MAFLD more often had
fasting  and/or  post-load hyperinsulinemia  and moderate
hypertriglyceridemia.

Keywords: metabolically associated fatty liver disease, atherosclerotic
cardiovascular disease, hepatic steatosis, dyslipidaemia, hyperglycaemia,
obesity.
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METABOJIIYHO ACOIIMOBAHA JKHPOBA XBOPOBA
HNEYIHKX Y HIANOIEHTIB 3 JAYXKXE BHCOKMM CEPHEBO-
CYJUHHUM  PHU3UKOM: IHNOMUPEHICTDb, KJ/IIHIYHA
3HAYYIICTD, TEHAEPHI OCOBJIMBOCTI

Beryn. HemonaBHo 3amporioHOBaHO HOBHM TepMiH MeTaOOJiuHO
acorifioBana >xupoBa xBopoba medinkn (MAXXII). Yepe3 3pocranHs
MTONITMPEHOCTi, 3HAYHY 3aXBOPIOBAHICTH Ta CMEPTHICTH BiJ NMEYiHKOBUX Ta
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CEepLEBO-CYIMHHUX YCKIanHeHb 3B’ 130k MAXKXII i3 cepueBo-CyAMHHIMH

3aXBOPIOBaHHSAMH  HaOyBae 3HA4HOI AaKTyaJllbHOCTI Ta  TOTpedye
TTOJANTBIIIOTO BIBUCHHS.

MeTta Hamoro AocmipkeHHS: Bm3HauuTH dYactky MAXXII cepen
MAIIIEHTIB 13 IOyXKe BHCOKHM CEpIEBO-CyIUHHUM PH3UKOM, 3’SCYBaTH
KIIiHIYHI 0cOOIMBOCTI Ta TeHEPHI BiAMIHHOCTI B LIl KOTOPTI.

Marepianm Ta MeTOOH: YCIM TMAIliEHTAM IPOBEICHO KOMIUICKCHE
OOCTeXKCHHS JJIs OI[IHKH CEepIEBO-CyIMHHOrO pu3uky Tta MAXXIIL
Crearo3  MEYiHKH METOJIOM  YJIBTPa3BYKOBOTO

JOCI/DKeHHs. Y4YacHUKH, sIKi Binnomimanu kpurepism MAXXII, Oymn

BCTaHOBJIIOBAJIN

BKItOYeHI o rpynu 1 (n=77; 32 »xiHkW, 45 YONOBIKIB), iHIIN MAIli€HTH
Oynu BigHeceHi 1o rpymu 2 (n=39; 19 xiHok, 20 40NOBIKiB).

PesynabtaTn. Cepen mamieHTiB i3 OyXKe BHCOKHM CEpICBO-CYIUHHUM
pusukom dactka MAXXII cranoBmia 66,7 %. IlomipHe mmigBUIIEHHS
anma”HiHaMmiHOTpaHchepasu mepeBakano y rpym 3 MAXXII (16 xinox
(50.02%) mpotu 2 xiHok (10.5%) y rpym 2, P = 0.006; 21 gomnosik
(46.7 %) mportu 2 uorosikie (10.0:%), P = 0.005); mpote, B XOIHOMY
BUNAJKy IMiJABMIIEHHS HE BIANOBIJAIO KPHUTEPIIM CTEATOTEHATHUTY.
Hes3Bakaroum Ha HAasBHICTh METa0OJIIYHUX pO3NAAIB y IMEPEeBaAXHOI
OUTBIIOCTI YYACHUKIB, YACTKH OXKHUPIHHS, METaOOJIIYHOI IuCIimigemii,
npeaiadeTy Ta IyKpoBOro miabety 2 Tumy OYJM JOCTOBIPHO BHUIIAMH Y
marieHTiB 13 MAXXIIL. Kpim Ttoro, mamientn 3 MAXXII 3a3Buuaii
BignoBigamu 4 abo 5 kpurepissM MeTaOONIYHOTO CHHIPOMY, Mallil BHIII
Memianu nponykry HakommdeHHs miminiB (ITAJI) ta imgexcy HOMA-IR,
ane HIK4Yy Memiany ingekcy Matsuda. BusiBieHo 3Hauymi mpsimi
KopersamiiHi 3B’ s3ku Mk MAXKXII Ta mpoxyKToM akyMyJsmil JimimiB
(ITAJI), norapu¢MiuHMM IHAEKCOM BIJHOIICHHS TPUIIILEPUIIB 0
XOJIECTEpUHY JIMOMpoTeiHiB Brcokol miimpHocti log (TI/XC JIIBIL) Ta
intekcom HOMA-IR; HeraTHBHI KOPENAIINHHI 3B S3KH BHUSBJICHO MiX
MAXXII Ta iHgekcamMu 9yTIUBOCTI A0 iHCyiHy. XKinku 3 MAXKXII manu
3HAYHO BHUILI MeJliaHM TIIIKOBAHOTO TeMOIJI00iHY, TiKeMii Yyepe3 2 roAuHH
MMCNIA HABAaHTAXXCHHS TIIFOKO30I0 Ta PIiBHI IHCYNiIHy B CHPOBATII KpPOBI
HATIIE; BUSIBIICHO 3HAYYIIUH MPSIMHNA KOpEISIiHHMHA 3B's130K Mixk MAXKXII
ta XC meJIIIBIL. Cepen xinok 3 MAXXII anamHe3 MeHOTIAy3H Y Billi 10
45 pokiB BusBIeHO Yy 15 oci6 (46,9 %) mportu 1 xivku (5,3 %) y rpymi 2
(P =0,0019); cepenniii Bik, KoJau OyJIO JIarHOCTOBAHO ATEPOCKIEPOTHYHE
CepIICBO-CYIMHHE 3aXBOPIOBaHHs, cTaHOBUB 58,5 [53,0; 64,0] pokis mpotu
68,0 [63,0; 69,0] pokie y rpymi 2 (P = 0,002); xaJblHHO3 aOPTAIHLHOIO
Ta/ab0 MITpaJbHOTO KJIanaHiB ceplyst BusiBieHo y 31 xinku (96,6 %) nporu
9 oci6 (47,4 %) y 2 rpyni (P = 0,0001); mezniana injexkcy Macu Miokapnaa
niBoro myHouka (iIMJII) ckmana 77,5 [62,1; 86,9] r/m?>7 nporu 64,0
[50,6; 74,0] r/m*7 y xinok 6e3 MAXXII, 67,0 [55,1; 74,0] /mM®>7 y
qosoBikiB i3 MAXXII Ta 63,9 [50,0; 73,5] r/mM?>’ y donoBikiB 6€3
MAXXIT (P <0,0001 3a Tecrom Kpackena-Yomrica; P=0,002 3a
Me/liaHHUM TecToM). [lommMpeHicTh KypiHHS Ta BXXHMBaHHS aJIKOTOJIIO
3HAYHO IepeBaXkasa cepe]] 4oJoBikiB sk y rpymi 1 (P<0,0001 ta P=0,0001
BiANOBigHO), Tak i y rpymi 2 (P = 0,0004 ta P = 0,0023 BiamoBixHO).
Yomnosiku 3 MAXKXII manu 3Ha4HO BUINI MeiaHW TIiKeMil HaTIe, piBHI
IHCyJTiHy B CHpOBATIli KpOBI HaTmle Ta uYepe3 2 TOAWHU Ticis
HaBaHTAXXEHHS TIIOKO3010, HiK dYojoBikum 6e3 MAXXII; y dwomnoBikiB
BHSBJICHO 3HAYYIIWH IpsAMUil Kopemaiitaui 38130k Mixk MAXKXII ta TT.
Cepen yonosikiB i3 MAXXII 6yno 11 BumanakiB rimeprpuriinepuaemii
>2.3 mMoms/n (24,4 %), Woro He cCHoOCTepirajgocs y YOJOBIKIB 0e3
MAXXII (P = 0,013). YacTka 40J0BIKiB i3 rinepiHCyIiHEMi€l0 HaTIIE Ta
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Aemop, eionogioanvhuil 3a JAUCHYBAHHA:

4yepe3 2 TOJAWHY Micis HaBaHTA)KEHHS IIIIOKO3010 Oyja 3HaYHO BHIIOIO B
rpymi 1 y nopisastHHi 3 Tpymoro 2: 28 ocib (62,2 %) npotu 3 oci6 (15,0 %),
P = 0,0005; 26 oci6 (57,8 %) mpotu 2 oci6 (10,0 %), P = 0,0003,
BIIIOBITHO.

BucnoBknu: cepex marienTiB i3 ACCC3 nmommupenicts MAXXII 3Ha4HO
BHINA, HUK y 3arampHiM momyssimii. CymytHs MAXXII acomiroBamacs 3
OibII ~ BUPOKEHMMH  METaOONIYHMMH  TNOPYIICHHSAMH  (OXKUPIHHSA,
MeTabomiuHa  JUCTIImigeMis, HU3bKa YYTJIUBICTH IO
iHCyNiHy), siki 3a3Buuail moexnyBamucs. lugexc I[IAJl € mpoctum i
JOCTYITHUM IHCTPYMEHTOM JUIsl BU3HaYE€HHs noTpedu ckpuninry MAXKXII.
VY kiHok 3 MAXXII wacTo BHABISUIM paHHIO MEHONAy3y B aHaMHesi,
iMJILL;
cnoctepiranaca mpsma kopemsmis Mk MAXKXIT ta XC meJITIBII. Y
gosoBikiB 3 MAJKXII gacrimnie BUSBISIIN MIOMipHY TiHEPTPUTIIEPUACMIIO
Ta TIMEPiHCYIHEMIO HATIIE Ta/a0o0 Mmicis HaBaHTAXCHHS.

rinepriikeMis,

KaJbIIMHO3 KJIAllaHIB CepIl Ta 3HAYHO BHII IOKAa3HUKH

KurouoBi cioBa: Meraboiigao acorifioBaHa )KupoBa XBopoOa MediHKH,

aTePOCKICPOTUYHA  CEpIECBO-Cy[IMHHA  XBOp0o0a, CTearo3  MEYiHKH,

JUCITIITAEMIs, TiepriiKeMis, 0)KUPIHHS.

Omvea Koponiok, kageopa ewympiwnboi meduyunu Ne 2, Jlvsigcokuu

HayioHanbHull Meduunull yrieepcumem imeni Januna I anuyvroeo, m. Jlveis, Yrpaina

e-mail: korolyukolga7619@gmail.com

Abbreviations
ALT — alanine aminotransferase

ASCVD - atherosclerotic cardiovascular disease

AST — aspartate aminotransferase
BMI — body mass index
ECG - electrocardiography

ELISA — enzyme-linked immunosorbent assay

GGT - gamma glutamyl transferase
HbA1c — glycated haemoglobin

HDL-C — high-density lipoprotein cholesterol
HOMA-IR — Homeostasis Model Assessment of

Insulin Resistance

hsCRP — high-sensitivity C-reactive protein
Improving Global

KDIGO - Kidney Disease
Outcomes

INTRODUCTION / BCTYII
Metabolic ~ disorders  (i.e.,
dysregulation, and dyslipidaemia) are

overweigh,

LAP — lipid accumulation product

LDL-C — low-density lipoprotein cholesterol

LVM - left ventricular mass

MAFLD - metabolically associated fatty liver
disease

NAFLD — non-alcoholic fatty liver disease

Non-HDL-C - non-high-density  lipoprotein
cholesterol

OGTT - oral glucose tolerance test

PCSK9 - proprotein convertase subtilisin/kexin
type 9

TC — total cholesterol

TG —triglycerides

WC — waist circumference

of death are cardiovascular diseases, extrahepatic
malignancies, and liver complications [4, 5]. The results
of a meta-analysis indicated that NAFLD moderately

glucose
recognized

modifiable risk factors for cardiovascular diseases. In
combination with arterial hypertension, these disorders
significantly increase cardiovascular risk [1]. On the other
hand, metabolic disorders are closely related to fatty liver,
the main morphological feature of non-alcoholic fatty
liver disease (NAFLD), affecting a quarter of world
population [2]. Hepatic steatosis is an asymptomatic
initial condition in the continuum of chronic liver
damage, followed by steatohepatitis, liver fibrosis,
cirrhosis, hepatocellular carcinoma, and death [3]. All-
cause mortality among people with NAFLD is higher
than in the general population; the most common causes

increases the risk of fatal and non-fatal cardiovascular
complications [6].

Recently, international experts proposed a new term —
metabolically associated fatty liver disease (MAFLD).
The diagnosis of MAFLD requires combination of
hepatic steatosis with any of the following three criteria:
1) overweight or obesity; 2) type 2 diabetes; 3) presence
of any two of the following metabolic disorders: waist
circumference (WC) >102 cm for men, >88 cm for
women; blood pressure >130/85 mm Hg or
antihypertensive therapy; hyperglycaemia below diabetic
range or glycated haemoglobin (HbAlc) from 5.7 % to
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6.4 %; serum triglyceride (TG) level >1.7 mmol/L or
high-density lipoprotein cholesterol (HDL-C) level <1.0
mmol/L for men, <1.3 mmol/L for women or lipid-
lowering therapy; Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) index >2.5; serum high-
sensitivity C-reactive protein (hsCRP) levels >2 mg/L
[7]. Unhealthy lifestyle, high prevalence of obesity and
type 2 diabetes might double mortality due to hepatic
complications in the next decade [8]. In the next two
decades, MAFLD might cause 1.27 million person-years

transplants, 812,000 deaths due to liver disease, and 1.37
million deaths due to cardiovascular diseases [9]. Thus,
the problem of MAFLD, especially in combination with
cardiovascular diseases, is an important medical and
social problem, requiring further investigations. The
purpose of our study was to determine the proportion of
MAFLD among patients with very high cardiovascular
risk (i.e., established atherosclerotic cardiovascular
disease) and to clarify clinical features and gender
differences in this cohort.

of decompensated liver

cirrhosis,

29% of liver

Table 1 — Characteristics of conditions associated with very high risk in study participants

Group 1 (n=77) Group 2 (n=39)
Gender MAFLD + MAFLD- P
Characteristic of arterial hypertension
Duration of hvoertension. vears women 10.0 [7.0; 15.0] 10.0[7.5; 20.0] 0.802
yp Y men 6.0 [3.0; 16.0] 85[50,165] | 0.506
. women 137 [125; 160] 150 [130; 160] 0.505
lic bl H
Systolic blood pressure, mm Hg men 140 [125; 160] 147 [120;150] | 0.740
o women 88 [77; 98] 80 [80; 90] 0.555
Diastolic blood pressure, mm H
1astoll pressu g men 85 [80; 95] 85 [75; 98] 0.838
Coronary artery disease, n (%)
. women 10 (31.3 %) 6 (31.6 %) 1.00
Stable angina CCS class II-1V men 15 (333 %) 5 (25.0 %) 0572
Recent acute coronary syndrome women 18 (56.8 %) 12 (63.1 %) 0.771
ysy men 25 (55.6 %) 12 (60.0 %) 0.792
Recent acute myocardial infarction or | women 4 (12.5 %) 1(5.3%) 0.639
revascularization men 5(11.1 %) 3 (15.0 %) 0.418
Prior myocardial infarction women 5 (15.6 %) 7 (36.8 %) 0.101
y men 24 (53.3 %) 9 (45.0 %) 0.507
Heart failure, n (%0)
Preserved ejection fraction women 19 (59.4 %) 9 (47.4 %) 0.561
J men 22 (48,9 %) 9 (45.0 %) 0.795
. . . women 10 (31.3 %) 9 (47.4 %) 0.370
Mildl f
ildly reduced ejection fraction en 21 (4.7 %) 8 (40,0 %) 0.788
— . women 3 (9.4 %) 1 (5.2 %) 1.00
Reduced ejection fraction men 2(@4%) 3 (150 %) 0165
Other conditions associated with very high risk
. . women 9 (28.1 %) 5 (26.3 %) 1.00
0,
Peripheral artery disease, n (%) en 13 (28.9 %) 6 (30.0 %) 100
. o . women 7 (21.9 %) 5 (26.3 %) 0.743
P h k ki %
rior transient ischaemic attack or stroke, n (%) e 8 (17.8 %) 3 (158 %) 100
e . 5 women 68 [59; 77] 66 [63; 78] 0.961
Glomerular filtration rate, ml/min/1.73m men 97 [91; 111] 90 [79; 103] 0.098
e ett e women 7 (21.9 %) 2 (10.5 %) 0.455
Atrial fibrillation, n (%
rial fibrillation, n (%) men 6 (133 %) 4(20.0 %) 0.482

Notes: 1CCS- The Canadian Cardiovascular Society classification
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Materials and Methods. Study design: cross-
sectional cohort study was conducted at the clinical base
of the Department of Internal Medicine No 2. The study
complies with the Declaration of Helsinki and was
performed according to ethics committee approval of
Danylo Halytsky Lviv National Medical University
(protocol No 2 dated February 21, 2022). All
participants provided written informed consent prior to
enrolment.

Totally 116 patients (51 women, 65 men) aged 38 to
84 years (median age 63 years) with a very high
cardiovascular risk were included. WVerification of
atherosclerotic cardiovascular disease (ASCVD) was
performed according to the National standards for
diagnosis and treatment of cardiovascular diseases [10].
All study participants had a long-term history of arterial
hypertension, and were on permanent triple
antihypertensive  therapy  (angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker in
combination with a thiazide or thiazide-like diuretic or a
calcium channel blocker, and a beta-blocker). At the
time of enrolment, all patients had established stable
coronary artery disease; some patients had ASCVDs of
another location or other conditions associated with a
very high risk, but not stage 4 chronic kidney disease
(Table 1). Known viral hepatitis B or C, previously
diagnosed diabetes mellitus or other chronic diseases in
the acute stage were exclusion criteria. After liver
ultrasonography and necessary laboratory tests for
MAFLD diagnosis, 77 patients who met criteria for
MAFLD were included into group 1 (66.4 % of all

participants; 32 women and 45 men). Other 39
participants (19 women and 20 men) were assigned to
group 2. The were no significant differences in the
prevalence of various ASCVD or conditions associated
with very high risk between the groups (Table 1).

Evaluation of ASCVD and other conditions
associated with very high risk. The diagnosis of stable
angina was based on the results of electrocardiography
(ECG), exercise tests and ambulatory ECG monitoring.
The diagnosis of recent unstable angina was based on
the results of ECG, troponin test and echocardiography
performed during hospitalization within the period >1 to
6 months prior to the enrolment. The diagnosis of a
recent acute myocardial infarction was based on the
results of an ECG, troponin test, echocardiography, and
coronary angiography performed during hospitalization
within the period >1 to 6 months prior to the enrolment.
Information about prior myocardial infarction, stroke or
transient ischemic attack was taken from patient’s
medical documents, confirming hospitalization due to
these conditions more than 6 months before the
enrolment. Heart failure was diagnosed in the presence
of typical signs and symptoms with further
classification according to the left ventricular ejection
fraction value: <40 % - heart failure with reduced
ejection fraction; 41-49 % — heart failure with mildly
reduced ejection fraction; >502% — heart failure with
preserved  ejection  fraction.  Echocardiographic
assessment of left ventricular mass was performed using
linear method:

LVM (g) = 0.8 x (1.04 X [(IVS + LVID + PWT)® — LVID®*]) + 0.6 g,

where VS is interventricular septum; LVID is internal
diameter; PWT is inferolateral wall thickness [11];
LVM was indexed to the height in meters?’; values <47
g/m?” for women and <50 g/m?’ for men were
considered normal. Kidney Disease Improving Global
Outcomes (KDIGO) staging system was used to classify
chronic kidney disease after calculation of estimated
glomerular filtration rate by Cockcroft-Gault equation
(D. Cockcroft, M. Gault, 1976). Peripheral artery
disease was diagnosed after Doppler ultrasound of the
peripheral arteries (e.g., carotid or lower extremities).
Evaluation of MAFLD. Hepatic steatosis was
diagnosed after ultrasonography that was performed
according to a unified protocol after overnight fasting
when the following criteria were met: diffuse
hyperechoic ~ structure of the liver, increased
echogenicity of the liver compared to the kidneys, poor
visualization of portal veins walls, and dorsal
attenuation of echo signal. Liver function tests included
aspartate aminotransferase (AST), alanine

aminotransferase (ALT), gamma glutamyl transferase
(GGT), bilirubin, albumin, and fibrinogen. Plasma
hsCRP levels were measured by ELISA.
Anthropometry (i.e., measurement of height, body
weight, waist and hip circumferences) was performed
according to World Health Organization
recommendations (1995). The body mass index (BMI)
was calculated by dividing a patient’s weight in
kilograms by the height in metres squared. Metabolic
syndrome was diagnosed when >3 International
Diabetes Federation criteria were met. A standard oral
glucose tolerance test (OGTT) was performed after an
overnight fast during >8 hours. Venous blood samples
were taken at fasting state and at 30, 60 and 120 minutes
after oral glucose load (75 g of glucose dissolved in
water). In these samples, plasma glucose was measured
using the glucose oxidase method; a solid phase two-site
enzyme immunoassay was used to determine serum
insulin  concentrations with standard Kit DRG
Instrumentals GmbH, Germany. The concentration of
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glycated haemoglobin (HbA1c) was determined in fasting
venous blood samples using ion exchange
chromatography. Prediabetes and type 2 diabetes was

diagnosed after OGTT according to the criteria proposed
for MAFLD [7]. To assess beta cell secretion and insulin
sensitivity, the following indices were calculated:

e Area under the curve of insulin during OGTT (AUC ly-120) using trapezoid rule;

e HOMA—-IR=1I,xGy/22.5, where lo- is fasting insulin, pU/mL, Go- is fasting glucose, mmol/L
(D. Matthews et al., 1985);

o Cederholm index= [75000 + (Gg— Gyq-) X 1.15 % 180 x 0.19 x m] /[120 X log(Iean) X Gmeanl, where
G is glucose in mmol/L; I is insulin in pU/mL; m is body mass in kg; o' is fasting; 120- is 120 minutes after
glucose load, mean is average during OGTT (J. Cederholm, L. Wibell, 1990);

o Matsudaindex = 10000/,/(I5- X Gg) X (Imean X Gmean), where G is glucose in mg/dL, | is insulin in
pU/mL; o is fasting; 120- is 120 minutes after glucose load, mean is average during OGTT (M. Matsuda,
R. DeFronzo, 1999);

o Disposition index = the incremental AUC [-_y5p-/the incremental AUC Gy-_q 45 X Matsuda index
(M. Abdul-Ghani et al., 2006)

Serum total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were measured

by colorimetric methods. Low-density lipoprotein cholesterol (LDL-C) was calculated according to the Fridewald’s
mmol

0
L
calculated as the difference between TC and HDL-C. The logarithmic value of TG/HDL-C ratio was determined as an
indicator of low-density lipoprotein particle size [14]. Lipid accumulation product (LAP), a marker of ectopic lipid
deposition, was calculated as follows: LAP = (WC — 58) x TG for women; LAP = (WC — 65) x TG for men, where
WC is waist circumference in cm, TG is serum triglycerides level in mmol/I [12].

formula: LDL cholesterol, = total cholesterol — HDL cholesterol — (triglycerides /2.2), Non-HDL-C was

Table 2 — Liver function tests and C-reactive protein in study participants

Parameter, units Gender Group 1 Group 2 P value
o women 12.8 [10.4; 16.4] 12.4[10.4; 16.5] 0.454
Total bilirubin, pmol/l
men 13.6 [10.4; 17.1] 12.4[10.4; 16.4] 0.592
ALT. Ul women 29.4 [25.8; 33.6] 22.8[13.8; 33.6] 0.027
' men 37.8[28.2; 45.0] 29.1[16.8; 37.2] 0.011
women 16 (50.0 %) 2 (10.5 %) 0.006"
Elevated ALT*, n (%)
men 21 (46.7 %) 2 (10.0 %) 0.005f
AST Uil women 25.2[20.1; 29.4] 22.8[13.8; 29.4] 0.489
’ men 29.1[24,0; 37,5] 25.2[21,0; 33,6] 0.331
women 5 (15.6 %) 4 (21.0 %) 0.711
Elevated AST*, n (%)
men 12 (26.7 %) 3(15.0 %) 0.369
GGT. Uil women 33.5[25.2; 43.1] 30.2[19.3; 38.3] 0.300
' men 48.3 [34.4; 64.2] 54.4[35.8; 67.5] 0.647
women 18 (56.3 %) 7 (36.8 %) 0.249
Elevated GGT, n (%)
men 22 (48.9%) 11 (55.0 %) 0.789
. women 40.2 [38.4; 49.2] 38.9 [36.4; 50.2] 0.781
Albumin, g/l
men 43.4[39.8; 50.0] 44.1[38.1; 51.3] 0.882
o women 3.8[3.0; 4.0] 3.0 [2.8; 3.6] 0.068
Fibrinogen, g/l
men 3.8[3.0; 4.1] 3.6 [2.9; 4.4] 0.871
. . women 9.0 [5.7; 10.8] 8.9[1.8; 10.3] 0.211
C-reactive protein, mg/I
men 8.7 [6.8; 9.4] 8.9 [6.5; 10.9] 0.687

Notes: * Below the thresholds for steatohepatitis;
T Statistically significant after Bonferroni correction (P < 0.007)
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Statistical analysis was performed using the
program "Statistica for Windows 6.0" (Statsoft, USA)
and nonparametric methods, since the underlying error
distribution of the most analysed variables was not
Gaussian. Relative values were presented as
percentages, groups were compared using Fisher’s exact
test. Quantitative values were presented as the median
[25" percentile; 75th percentile], comparison of two
independent group was performed using the Mann-
Whitney test; Kruskal-Wallis ANOVA and median test
were used to compare multiple independent groups.
Correlation analysis was performed using Kendall’s
coefficient (t). P-values from two-sided tests less than
5 % were considered statistically significant. To reduce
the chance of type | error, Bonferroni correction was
applied when multiple variables were compared.

Results. Although elevated ALT was much more
common findings among patients with MAFLD, none of
the participants met the criteria for steatohepatitis, as
transaminase elevation did not exceed 1.5 times the
upper reference limit. Elevated AST usually was
detected among patients with a recent acute myocardial

infarction. Many participants had elevated GGT.
Albumin, fibrinogen and CRP levels did not differ
between the groups (Table 2).

The median age at the time of ASCVD diagnosis was
almost 10 years earlier than in women without MAFLD
(Table 3). Although all participants had long-term history
of arterial hypertension, were on continuous triple
antihypertensive therapy with no significant differences
in median blood pressure levels between the groups
(Table 1), the median value of LVM index was the
highest in women with MAFLD in comparison with
median value of LVM index in women without MAFLD
and men of both groups (Table 3, Kruskal-Wallis
ANOVA P <0.0001; median test P = 0.002). Besides, the
vast majority of woman with MAFLD had calcification
of cardiac valves (Table 3). Although in our study all
female participants were post-menopausal, women with
MAFLD significantly more often had early menopause
before 45 years of age; majority of these cases were
caused by ovariohysterectomy (Table 3). Hormone
replacement therapy was not performed after the
intervention.

Table 3 — Clinical features and risk factors in study participants

Parameter, units Gender Group 1 Group 2 P value
Ade. vears women | 63.0[57.0;705] | 71.0[65.0;75.0] 0.008
ge.y men 58.0 [52.0; 67.0] | 62.0 [54.5; 70.5] 0.165
. women | 585[53.0;64.0] | 68.0[63.0;69.0] 0.0027
Age when ASCVD was diagnosed, years
g g y men 53.0[49.0;600] | 545495 67.5] 0.267
. - women 31 (96.9 %) 9 (47.4 %) 0.00017
Cardiac valve calcinosis, n (%
lac valve calcinosis, n (%) men 35 (77.8 %) 13 (65.0 %) 0.361
et ventricul e am women | 84.0[725;895] | 63.0[50.6;74.0] | <0.00017
eftventricular mass index, g/m men 67.0 [55.1; 74.0] 63.9 [50.0; 73.5] 0.340
Menopause before 45 years of age, n (%) women 15 (46.9 %) 1(5.3%) 0.0019f
Surgical menopause, n (%) women 12 (40.6 %) 1 (0 %) 0.018
. women 2 (6.25 %) 0(0 %) 0.523
Smoking, n (%
ing, n (%) men 26 (57.8 %) 10 (50.0 %) 0.598
women 6 (18.7 %) 4 (21.0 %) 1.00
Alcohol*, n (%
(%) men 29 (64.4 %) 12 (60.0 %) 0.785
. women 21 (65.6 %) 3 (15.8 %) 0.0017
** O/
Obesity™, n (%) men 34 (75.6 %) 6 (30.0 %) 0.0008"
. women 88.0 [71,5; 93,5] 69.0 [65.0; 75,0] 0.0001f
Bod ht, ki
oy welght. men 95.0[88,0;107,0] | 855 [78.0;955] 0.009
. women | 32.9[284:36,7] | 26.8[25.3;29.2] | 0.00047
B kg/m?
ody mass index, kg/m men 30.9[30.1;341] | 27.7[26.4;309] 0.006
Waist circumference. om women 109 [94; 117] 93 [88; 97] 0.0027
’ men 110 [106; 118] 106 [101; 108] 0.100

Notes: * <30 mL of ethanol per day for men < 15 ml per day for women,

** Body mass index >30 kg/m?;

T Statistically significant after Bonferroni correction (P < 0.004);
ASCVD = atherosclerotic cardiovascular disease
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Unlike women, men in both groups often were
smokers and reported moderate alcohol consumption
(Table 3). Gender differences were significant among
patients with MAFLD (P<0.0001 for smoking, P=0.0001
for alcohol) and among patients without MAFLD (P =
0.0004 for smoking, P=0.0023 for alcohol). Excessive
alcohol use denied all study participants.

Among study participants, 113 persons (97.4 %) had
abdominal obesity basing on WC values, 64 patients

Table 4 — Lipid profile in study participants

(55.2 %) had BMI >30 kg/m? (obesity), and 43 patients
(33.1 %) had BMI within the ranges from 25.01 kg/m? to
29.99 kg/m? (overweight). However, the proportion of
obesity was significantly higher in patients with MAFLD
(Table 3).

Median values of LAP were significantly higher in
patients with MAFLD. In addition, higher median
values of triglycerides and log (TG/HDL-C) were found
in men with MAFLD (Table 4).

Parameter, units Gender Group 1 Group 2 P value
—oal cholecteral. mmol women 5.85 [5.15; 6.40] 5.30 [4.50; 6.00] 0.122
! men 5.30 [4.60; 6.40] 5.75 [4.65; 6.10] 0.827
women 1.06 [0.94; 1.68] 1.17[0.99; 1.80] 0.348
HDL- I
C, mmol/ men 0.96 [0.87; 1.24] 1.09[0.89; 1.27] 0.333
women 3.79 [2.54; 4.37] 247 [2.26; 3.75] 0.084
LDL-C, mmol/l
mmo men 3.29 [2.80; 4.08] 327 [2.17; 4.07] 0.800
women 4.46 [3.70; 5.28] 3.43[2.70; 4.61] 0.037
Non-HDL-C, mmol/l
on mmo men 4.22 [3.52; 5.15] 4.49[3.48; 4.89] 0.794
T clvcerides. mroll women 1.81[1.29; 2.29] 158 [L.1L; 1.90] 0.153
gy ! men 1.72 [L.40; 2.23] 1.30 [0.89; 1.59] 0.00047
women 0.18 [-0.03; 0.34] 0.01 [-0.20; 0.21] 0.065
Log (TG/HDL-C
09 ( ) men 0.25 [0.07; 0.38] 0.11 [-0.15; 0.21] 0.002"
Lipid accumulation product, | women 90.3[72.2; 112.5] 45.2 [35.5; 92.5] 0.002f
cmxmmol/l men 79.2 [66.0; 100.7] 48.6 [38.8; 68.8] 0.0001"

Notes: "Statistically significant after Bonferroni correction (P < 0.007).

Abbreviations: HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; Log (TG/HDL-C) =
the logarithmic value of triglycerides-to-high-density lipoprotein cholesterol ratio

Among study participants, 90 persons (77.6 %) met
criteria for metabolic dyslipidaemia. Among patients with
MALFD, there were 30 cases (38.96 %) of combined
metabolic dyslipidaemia with elevated TG and low HDL-
C versus 6 cases (15.38 %) in group 2 (P < 0.01). Among
men with MAFLD there were 11 cases of moderate
hypertriglyceridemia with TG levels above 2.3 mmol/l
(24.4 %) that was not observed among men without
MAFLD (P = 0.013); among women, there was no
difference in the proportion of persons with moderate
hypertriglyceridemia — 25.0 % and 21.0 %, respectively
(Figure 1). Despite atorvastatin use at the dose of 40 mg
for at least 3 months prior to enrolment, none of the
participants reached recommended by National standards
[10] LDL-C target <1.8 mmol/l for patients with very
high risk (Figure 1). Significant direct correlations were
observed between MALFD and LAP: t = 0.352, P =
0.0003 in women; t = 0.385, P < 0.0001 in men; and
between MALFD and log (TG/HDL-C): T = 0.216, P =
0.025 in women; t = 0.309, P = 0.0003 in men. In
addition, there was direct correlation between MALFD

and non-HDL-C in women t = 0.242, P = 0.012; and
direct correlation between MAFLD and TG in men (t =
0.354, P < 0.0001).

The results of OGTT met criteria for normal glucose
regulation only in 8 persons (10.4 %) with MAFLD
versus 16 persons (41.0 %) in group 2 (P = 0.0002 for
all participants; P = 0.003 for women; P = 0.023 for
men). Thus, majority of patients with MAFLD had
diabetes or prediabetes (Figure 2). Women with MAFLD
had significantly higher median values of HbAx, 2-hour
post-load plasma glucose level, fasting insulin levels than
woman without MAFLD. Men with MAFLD had
significantly higher median values of fasting glycaemia,
fasting and post-load serum insulin levels than men
without MAFLD, as well as higher prevalence of both
fasting and post-load hyperinsulinemia. There were
significant higher median values of HOMA-IR and
significantly lower median values of Matsuda index in
women and men with MAFLD (Table 5). Significant
direct correlations were observed between MALFD and
HOMA-IR: 0.364, P = 0.0002 in women;

T =
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Table 5 — Parameters of glucose regulation and insulin sensitivity indices in study participants

Parameter, units Gender Group 1 Group 2 P value

. women 5.3[4.5; 6.2] 4.414.1;4.7] 0.0027

Glycated haemoglobin (HbAw), % =" 0 5.6 [5.1; 6.0] 5.2 [4.3; 58] 0.030

Fasting plasma glucose, mmol women 6.3[5.9; 6.8] 5.2 [4.4; 6.4] 0.030
’ men 6.4 [5.2; 6.9] 5.2 [4.5; 6.1] 0.004"

Two-hour post-load plasma women 10.6 [7.5; 11.7] 6.6 [6.0; 8.4] 0.002%

glucose, mmol/I men 8.8 [6.8; 10.8] 7.415.7; 8.7] 0.050
Fasting serum insulin, pU/m women 15.8 [13.1; 20.0] 10.6 [7.1; 13.7] 0.0027
’ men 18.8 [13.4; 26.0] 11.4[6.1; 15.5] 0.0003"

Two-hour post-load serum insulin, | women 68.6 [45.0; 92.8] 51.4 [28.1; 64.6] 0.023
nU/ml men 67.1[45.1; 92.7] 36.0 [17.9; 54.5] 0.0003"

. . . . women 16 (50.0 %) 4 (21.0 %) 0.074
Fasting hyperinsulinemia, n (%) men 28 (622 %) 3(15.0 %) 0.00057

Two-hour post-load women 20 (62.5 %) 4 (21,0 %) 0.008
hyperinsulinemia, n (%) men 26 (57,8 %) 2 (10,0 %) 0.0003"
. women 4,56 [3,24; 6,78] 2,38 [1,51; 4,47] 0.002f
HOMA-IR index men 5,36 [3,81; 7,55] 2,51 [1,60; 4,24] <0.00017
Matsuda index women 3,26 [2,40; 4,10] 5,69 [3,53; 8,06] 0.00061
men 2,90 [2,16; 3,86] 5,75 [4,12; 7,90] <0.0001"

Note: T Statistically significant after Bonferroni correction (P < 0.005).

Abbreviations: HOMA-IR — Homeostasis Model Assessment of Insulin Resistance index

women

MAFLD+

Figure 1 — Patterns of dyslipidaemia in women (top) and men (bottom) without MAFLD (left) and with MAFLD

(right)

Notes: red lines show cut-off values between normal and abnormal levels of high-density lipoprotein cholesterol
(HDL-C) levels and triglycerides (TG) levels; green lines show the cut-off value between normal and abnormal levels of
low-density lipoprotein cholesterol (LDL-C). MAFLD = metabolically associated fatty liver disease
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Figure 2 — The results of oral glucose tolerance test in study participants

T = 0.427, P < 0.0001 in men. Negative correlations
were observed between MALFD and insulin sensitivity
indices, such as Cederholm index (t = -0.411, P < 0.0001
in women; T = -0.341, P < 0.0001 in men), Matsuda index
(t=-0.338, P =0.0001 in women; t = -0.449, P < 0.0001
in men), disposition index (t = -0.284, P = 0.003 in
women; t=-0.177, P <0.037 in men).

Although vast majority of participants met criteria
for metabolic syndrome (96.1 % and 87.2% in group 1
and group 2, respectively, P > 0.05), patients with
MAFLD much more commonly met 4 or 5 criteria than
those without MAFLD (Figure 3), indicating more
severe and complex metabolic disturbances in patients
with MAFLD.

12,8% 51,3%"

Group 2

15,4%

Group1 $%% 169%

0% 20%

40%

60% 80% 100%

O1-2criteria O3 criteria W4 criteria W5 criteria

Figure 3 — The proportions of participants with different number of metabolic syndrome criteria

Notes: * P =0.0002; ** P = 0.023; *** P = 0.030

Discussion. In our study the prevalence of MAFLD
was 66.4% among patients with very high
cardiovascular risk that is much higher than the
prevalence in general population. The prevalence of
obesity in men and women with MAFLD was
significantly higher than in those without MAFLD. The

results of a multi-ethnic study of atherosclerosis showed
that both WC and BMI are important risk factors for
NAFLD [13]. Unlike BMI, which is considered an
indicator of general obesity, WC is a surrogate marker
of abdominal obesity and visceral fat accumulation,
which is a recognized prognostic risk factor for a
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number of complications. A recent meta-analysis found
that every 10 cm increase in WC increases the risk of
ASCVD by 3.4 % in women and by 4.0 % in men [14].

Dyslipidaemia plays an important role in the
pathogenesis of both ASCVD and MAFLD. In case of
MAFLD, the accumulation of fat in the liver is caused by
inadequate absorption of lipids from the circulation,
increased hepatic lipogenesis de novo, insufficient fatty
acids oxidation, and impaired export of lipids [15, 16]. As
a result, "diabetic" or "metabolic" dyslipidaemia occurs,
also typical for metabolic syndrome or type 2 diabetes.
Criteria for metabolic dyslipidaemia include low HDL-C,
hypertriglyceridemia, accumulation of triglyceride-
enriched lipoproteins, and increased number of small
dense LDL particles [15]. Our study showed significantly
higher prevalence of metabolic dyslipidaemia as well as
higher values of logarithmic index (TG/HDL-C) among
patients with MALFD. Besides, almost quarter of men
with MAFLD had moderate hypertriglyceridemia that
was not observed among men without MAFLD. The
results of the Look AHEAD study demonstrated a higher
risk of cardiovascular complications in patients with
metabolic dyslipidaemia, including events related to
coronary artery disease [17]. The results of our previous
study showed increased risk of diabetes and
cardiovascular events in patients with
hypertriglyceridemia [18].

Insulin resistance is another important contributor of
dyslipidaemia in MAFLD. At the same time, insulin
resistance results in hyperglycaemia, ectopic lipid
deposition, systemic inflammation, oxidative stress, and

endothelial dysfunction. All these mechanisms are
engaged in atherogenesis and progression of
atherosclerosis.  We  revealed significant  direct

correlations between MAFLD and HOMA-IR index and
negative correlations with all insulin sensitivity indices in
men and women. Insulin resistance increases lipogenesis
in the liver, potentiating dyslipidaemia and increasing
lipotoxicity [19]. The LAP is a parameter, reflecting
ectopic lipid deposition and lipid toxicity. We observed
direct and significant correlations between LAP and
MAFLD in women and men. A recent systematic review
and meta-analysis of 16 studies showed that the overall
sensitivity of LAP for NAFLD screening was 94 % with
a specificity of 85% [12]. Taking into account easy
calculation of LAP index in routine clinical practice and
the possibility of simultaneous assessment of two
important metabolic components (i.e., serum TG and
WG, a parameter of abdominal obesity), we propose LAP
as a simple tool to determine the need for MAFLD
screening in patients with very high cardiovascular risk.
In our study, the majority of participants met
metabolic syndrome criteria (i.e., long-term medically
controlled hypertension in 100 %; abdominal obesity in

97.4%; dyslipidaemia in 77.6 %; first detected
prediabetes in 58.6 %, newly detected type 2 diabetes in
20.7%). However, the prevalence of obesity,
dyslipidaemia, prediabetes and type 2 diabetes, median
values of HOMA-IR in patients with MAFLD were much
higher than in the group 2. In addition, patients with
MAFLD significantly more commonly met 4 or 5 criteria
for metabolic syndrome than patients without MAFLD.
That indicates more severe and complex metabolic
disorders in patients with very high risk and associated
MAFLD.

There is a report that NAFLD is associated with
failure to achieve LDL-C targets [20]. In our study,
despite long-term moderate-dose statin use, none of the
participants reached recommended by National standards
LDL-C target [10]. In this setting, intensification of lipid-
lowering therapy is recommended with either high dose
of statin or combination therapy with ezetimibe or
PCSKO9 inhibitor. From the other hand, in our study ALT
elevation was much more common among patients with
MAFLD, although in all cases the elevation was below
thresholds characteristic for steatohepatitis. Elevated
transaminases are often the reason for statin therapy
discontinuation in routine clinical practice. Thus, further
studies should assess benefits and risks of the proposed
options of lipid-lowering therapy intensification in
patients with very high cardiovascular risk associated
with MAFLD.

Gender differences were found in the development
and progression of NAFLD [21]. In our study, a direct
correlation between MAFLD and non-HDL-C was
observed in women. Non-HDL-C is a composite measure
of cholesterol content in small, dense LDL particles, very
low-density lipoproteins and intermediate density
lipoproteins. There is emerging evidence that non-HDL-
C levels may be elevated in NAFLD [22]. In addition,
non-HDL-C can be an independent predictor of NAFLD
[23] and a better predictor of ASCVD than LDL-C [24].
The resent study conducted by L. Lee et al
demonstrated a higher likelihood of NAFLD among
individuals with increased non-HDL-C levels during the
follow-up period [25].

There is evidence that lower prevalence of NAFLD in
premenopausal women is explained by the protective
effect of oestrogens [26]. Early menopause is also an
established cardiovascular risk factor [10]. After
menopause, the prevalence of both ASCVD and NAFLD
in women is similar to that in men [10, 26]. All women in
our study were post-menopausal, and 14 women
underwent ovariohysterectomy before 45 years of age (of
those, 13 women were in group 1). The study conducted
by J. DiStefano et al. revealed a higher risk of NAFLD
after ovariectomy, with increasing prevalence over time,
from 14.1 % at 1 year to 38.4:% at 5 years after the
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intervention [27]. Early menopause in addition to more
severe and complex metabolic disorders in women with
MAFLD might explain why the median age of ASCVD
diagnosis was almost 10 years earlier than in women
without MAFLD (Table 3).

Echocardiographic evidence of mitral and/or aortic
valve calcification was found in almost all women with
MAFLD and less than half of women without MAFLD
(Table 3). Calcification of cardiac valves is considered to
be an endocardial equivalent of vascular atherosclerotic
process [28]. The study conducted by A. Mantovani et al.
demonstrated that NAFLD was an independent predictor
of aortic and mitral valve calcification in patients with
type 2 diabetes [29]. In our study diabetes was more
common among women with MAFLD than among man
(Figure 2). In addition, women with prediabetes were
more likely to have combination of impaired fasting
glucose with impaired glucose tolerance, whereas men
with prediabetes usually had either impaired fasting
glucose or impaired glucose tolerance. Median HbAlc
level was significantly higher in women with MAFLD
comparing to those without MAFLD (Table 5).

In our study the median value of LVM index in
women with MAFLD was much higher than in all other
groups (table 3). In the literature, there is evidence about
the link between NAFLD and LVM index. A comparison
of 660 patients with NAFLD detected by liver ultrasound
and 791 patients without NAFLD showed significantly
higher LVM index in patients with NAFLD (101.62 +
34.48 g/m? vs. 88.22 + 25.61 g/m? P < 0.0001) [30]. A
prospective analysis that included 1962 participants of the

CONCLUSIONS / BACHOBKH

1. Among patients with very high cardiovascular
risk, the proportion of MAFLD was 66.7 %, which is
significantly higher than the prevalence in the general
population.

2. Concomitant MAFLD was associated with
more severe metabolic disorders (i.e., obesity, metabolic
dyslipidaemia, hyperglycaemia, insulin resistance),
which usually combined.

Bogalusa Heart Study and 1547 participants of the
Cardiovascular Risk in Young Finns Study (all without
ASCVD) revealed significant direct correlations between
fatty liver index and LVM index in both cohorts (both
P < 0.001), but correlation was stronger in women than in
men [31].

In our study men with MAFLD often had fasting and
post-load hyperinsulinemia. Hyperinsulinemia is believed
to play a key role in the pathogenesis of non-alcoholic
steatohepatitis and associated cardiovascular risk. There
is evidence that chronic hyperinsulinemia is a
consequence of impaired insulin clearance, rather than
insulin hypersecretion [32]. In the study conducted by F.
Bril et al. liver histology was performed to assess the
relationship ~ between insulin ~ clearance  and
hyperinsulinemia; it was found almost 30 % decrease in
hepatic insulin clearance in patients with hepatic steatosis
and steatohepatitis compared to those without NAFLD.
Decreased hepatic insulin clearance was not associated
with severity of inflammation, ballooning, or fibrosis.
The authors concluded that hyperinsulinemia in NAFLD
significantly correlated with impaired insulin clearance
occurring during early stages of NAFLD due to the
accumulation of fat in the liver [33].

Another feature observed in our study, was a
significantly higher proportion of alcohol consumption
and smoking among men than among women. According
to the literature, extrinsic risk factors that contribute to
fatty infiltration of the liver are more common in men
[26, 34].

3. The LAP index is a simple available tool that
may be used in routine clinical practice to determine the
need for MAFLD screening.

4. Women with MAFLD frequently had early
menopause, cardiac valve calcification, and much
higher median value of LVM index; direct correlation
was observed between MAFLD and non-HDL-C. Men
with  MAFLD more often had  moderate
hypertriglyceridemia and fasting and/or post-load
hyperinsulinemia.

PROSPECTS FOR FUTURE RESEARCH / HNEPCIHEKTHBU MNOJAJBIIUX JOCJIIXEHDb

Concomitant MAFLD in patients with ASCVD
need further study, as this comorbidity is associated
with more severe complex metabolic disorders that
contribute to earlier onset and more rapid progression
of both conditions. A deeper understanding of the
pathogenetic effects each metabolic disorder and their
combinations, as well as gender differences in the
pathogenesis of MAFLD and ASCVD, may disclose
new opportunities for treatment and prevention. We

consider that specific attention should be paid to
investigation of lipid-lowering therapy intensification
in this cohort as many patients do not achieve LDL-C
goals and patients with MAFLD often have elevated
liver enzymes that frequently lead to discontinuation of
statin therapy in routine clinical practice. Thus,
benefits and risks of high dose statin therapy or
combination therapy with ezetimibe or PCSK9
inhibitor require further researches in this cohort.
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