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Pestome

HeankoronbHas xwvpoas 6onesHb nedeqn (HAXBI) ABaseTCA WMPOKO pacrpoCTpaHeHHbIM 3a60/1eBaHMEM, TECHO aCCOLMMPOBAHHBIM C OXUpe-
HMeM 1 MeTabo/IMYeCKUMN HapyLieHNAMU. B AnarHoCTVKe Hea/IkorobHOM XM1POBOW 60/1e3HM neYeHn 60/bLIoe BHAMaHWE Y/eNAeTCA HeMHBa3MB-
HbIM MHCTPYMeHTanbHbIM MapkepaM. Lienbio HacTosLero ncciefoBaHns 6b110 M3yyeHre B3aMMOCBA3MN 3HaYeHWUI YIbTPa3BYKOBOM LLKa/bl CTeaTo3a
Hamaguchi ¢ pacnpocTpaHeHHOCTbIO aTepockneposa nepudepryecknx apTepuil, a TaKxe OLeHKa guarHocTuyeckol LeHHoctn Hamaguchi score
B OTHOLWEHNWN Ha/IMYMA CTEHO30B COHHbIX apTepUi U apTepuil HMKHMUX KOHeYHoCTen. MaTepuanbl  MeToabl. Bcem yyacTHMKaM nposogunu ay-
N/IeKCHOe CKaHWPOBaHWe apTepuii KapoTUAHOro GacceliHa U apTepuil HMKHUX KOHeYHOCTel, abAoMMHaIbHOe YNbTPa3ByKOBOE MCC/eA0BaHMe.
PesynbTatbl. B nccnegoBaHum npuHAno yvactue 175 nauneHTos, cpeamn HUX 72 Myx4duHbl 1 103 eHWwuHbl. MeanaHa Bo3pacTta NauneHToB COCTaBu-
na 50 net. CoyeTaHHbI aTePOCK/IEPO3 COHHBIX APTEPUIA M apTePUIl HUKHUX KOHEYHOCTEN BbisiB/ieH Y 76 (43,4 %) nauneHToB. MeAnaHa BblpaxeH-
HOCTW CcTeaTo3a neyeHn no wkane Hamaguchi coctaBuna 2 6anna. B rpynne naumeHToB € cO4eTaHHbIM aTEPOCK/IEPO30OM COHHbIX apTepUii 1 apTepuii
HUXKHUX KOHEYHOCTE 6blIM OTMeYeHbl 40CTOBEPHO 60/1ee BbiCOKME 3HaveHns Hamaguchi score (p=0,026). Mo AaHHbIM 0MUCTUYECKOTO perpeccu-
OHHOrO aHanu3a yBenuyeHune 6anna no wkane Hamaguchi Ha ogHY eAUHMLLY acCOLMMPOBANOCh C yBEIMYEHNEM OTHOCUTE/IbHOIrO PUCKA BbIAB/IEHUA
COYETaHHOro aTepOCK/Iepo3a AByX 6acceiiHOB (COHHbIE apTEpUM 1 apTEPUM HKHUX KoHeuHocTel) B 1,192 pasa (95 % AU 1,023-1,387). Mo gaHHbIM
ROC-aHanun3a yBesmyeHmne 3HaveHnin wkansl Hamaguchi 6osiee 2 6217108 N03BO/IAN0 ANArHOCTMPOBATh COYETaHHble CTEHO3bl KAPOTUAHbIX apTepuit
1 apTepUI HUXKHUX KOHEYHOCTEN C YyBCTBUTENBHOCTbIO 52,6 % 1 cneymduyHocTbio 63,6 % (AUC=0,596; p:0,024). 3akoyeHue. Y NauneHToB C He-
a/IKOr0/IbHOW KMPOBOW 60/1€3HbI0 NeYeHN 3HaYeHUs Wkanbl Hamaguchi 6osee 2 6ann0B NO3BO/IAET AMArHOCTUPOBaTb COYETaHHbIe CTEHO3bI Kapo-
TUAHBIX apTEPUI1 U apTePUIN HUIKHUX KOHEYHOCTeW C YyBCTBUTENBHOCTLIO 52,6 % 1 cneymduyHocTbio 63,6 %.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a widespread disease closely associated with obesity and metabolic disorders. Noninvasive instrumental
markers are of great importance in the diagnosis of NAFLD. The aim of the present investigation was to study the correlation of Hamaguchi score with
the prevalence of peripheral arterial atherosclerosis and to evaluate the diagnostic value of Hamaguchi score in relation to the presence of carotid
and lower limb arterial stenoses. Materials and Methods. All the participants underwent duplex scanning of the arteries of the carotid basin and the
arteries of the lower extremities, and abdominal ultrasound examination. Results. The study involved 175 patients, including 72 men and 103 women.
Median age of the patients was 50 years. Combined atherosclerosis of carotid arteries and the arteries of the lower extremities was detected in 76
(43,4 %) patients. Median severity of hepatic steatosis according to Hamaguchi score was 2 points. Significantly higher Hamaguchi score values
(p=0,026) were observed in the group of patients with combined atherosclerosis of carotid arteries and lower limb arteries. According to logistic
regression analysis, a one unit increase in Hamaguchi score was associated with a 1,192-fold (95 % CI 1,023-1,387) increase in the relative risk of finding
combined atherosclerosis of two basins (carotid and lower extremity arteries). According to ROC-analysis, increasing Hamaguchi score>2 points
allowed to diagnose combined stenoses of carotid and lower limb arteries with sensitivity of 52,6 % and specificity of 63,6 % (AUC=0,596; p=0,024).
Conclusion. In patients with NAFLD the Hamaguchi score>2 made it possible to diagnose combined stenoses of the carotid and lower extremity
arteries with a sensitivity of 52,6 % and specificity of 63,6 %.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
common disease which is closely associated with obe-
sity and metabolic disorders [1-3]. However, this con-
dition can be observed also in persons with normal
body weight: in general, approximately 40 % of NAFLD
patients have normal body mass index [4]. This fact is
important to understand the significance of this dis-
ease. Results of recent metaanlyses show a high risk
of fatal and non-fatal cardiovascular events (myocar-
dial infarction, stroke, revascularisation) in groups
of NAFLD patients, irrespective of the presence or
absence of metabolic syndrome and obesity [5, 6]. It is
important to note that cardiovascular diseases were the
main cause of deaths in NAFLD patients (38 % of all
causes) in the studies conducted in the USA, Europe
and Asia [7, 8].

In NAFLD diagnosis, a greater emphasis is put on
noninvasive laboratory and instrumental markers (in
particular, on fatty liver index (FLI), hepatic steatosis

index (HSI), Hamaguchi score). Often these parameters
are used as a means to search for correlations between
NAFLD and cardiovascular diseases. Biyao Zou et al.
(2021) noted a higher incidence of atrial fibrillation,
coronary heart disease (CHD), stroke, cardiac failure,
and also statistically higher cardiovascular death rates
(10.42 per 1000 person years, 95% CI 10.15-10.70 vs.
5.18 per 1000 person years, 95% CI 5.04-5.32) in
patients with FLI > 60 vs. patients with FLI < 60 [8].
A study by Chenxi Wang et al. (2021) demonstrated
that an increase in HSI by one quartile was associ-
ated with 1.16-fold increase in the odd ratio (OR) to
diagnose carotid atherosclerosis (95% CI 1.114-1.207)
[9]. A number of researchers noted a close correlation
between endothelial dysfunction markers, in particular
vascular endothelial growth factor, and HSI values [10].
Also a correlation between impaired lipid metabolism
and ultrasound steatometry indices was established:
Daniele Pastori et al. (2018) found that Hamaguchi
score (semi-quantitative ultrasound hepatic steatosis
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scale) statistically correlated with the remnant choles-
terol concentration [11].

Literature data analysis demonstrates that noninva-
sive steatosis markers can be an efficient tool for car-
diovascular risk stratification and search for associa-
tions with cardiovascular complications. The objective
of this study was to analyse the correlation between
Hamaguchi ultrasound steatosis score and the inci-
dence of peripheral arterial atherosclerosis; and to
evaluate the diagnostic value of Hamaguchi score in
relation to carotid steatosis and arterial steatosis of
lower limbs.

Materials and methods

The study enrolled 175 patients (72 male subjects and
103 female subjects) with ultrasound verified NAFLD.
Median age was 50 (44.0; 56.0) years old.

All subjects signed a voluntary informed consent
form. Subjects with the following conditions were
excluded from the study: acute cardiovascular event
(acute coronary acute cerebrovascular
event, transient ischaemic attack), stage C4-C5 chronic

syndrome,

kidney disease (CKD), malignancies, hepatic cirrhosis,
viral hepatitis. The study protocol was approved by the
Local Ethics Committee (Meeting Minutes No. 10 dated
27 October 2018).

NAFLD was diagnosed using the generally accepted
criteria: excessive fatty deposits in the liver found during
ultrasound examination; no history of chronic consump-
tion of toxic doses of alcohol [12].

All subjects underwent a duplex ultrasonography
screening of carotid system arteries and lower limb
arteries. For a full report on peripheral artery ultra-
sound examination, please see our previous articles
[13]. Percentage of artery stenosis was measured pla-
nimetrically in B mode using the vessel cross section
diameter and haemodynamic criteria. Stenosis was mea-
sured under the ECST (The European Carotid Surgery
Trial) method. = 50 % carotid stenosis was diagnosed
if the following criteria were met: peak systolic velocity
(PSV) > 125 cm/s; the ratio of internal carotid artery
(ICA) PSV and the common carotid artery PSV > 4; ICA
end-diastolic velocity > 40 cm/s [14,15]. = 50 % lower
limb artery stenosis was diagnosed if the following cri-
teria were met: an increase in PSV up to 200-400 cm/s;
spectral dilatation in the stenotic area; biphasic blood
flow [16].

Abdominal ultrasound was performed using Canon
Aplio 400 (Japan); a 2.5-5 MHz curved transducer was
used. The standard ultrasound signs of hepatic ste-
atosis were evaluated: increased hepatic tissue echo-
genicity; intrahepatic vessel blurring; and echo signal
fading. Hepatic steatosis intensity was evaluated with a

semi-quantitative method developed by Hamaguchi M.
(2007), according to which each of the above steatosis
parameters was scored as follows: liver brightness —
0 to 3 points; echo signal fading — 0 to 2 points; vessel
blurring — 0 to 1 point [17]. The highest score was six
points.

All subjects underwent laboratory tests for total cho-
lesterol, high density and low density lipoprotein cho-
lesterol, triglycerides, creatinine level, and glomerular
filtration rate was calculated using the CKD-EPI formula
(2011).

All subjects were interviewed; their standard anthro-
pometric parameters (height, wight, body mass index
(BMI), and waist circumference) were measured. The
obesity type (metabolically healthy/unhealthy pheno-
type) was determined separately [18,19].

The characteristics of subjects is presented in Table 1.

The data were analysed using MedCalc (ver-
sion 20.110) and IBM SPSS Statistics (version 18). Quali-
tative variables were described with absolute and rela-
tive frequency (percents). Quantitative variables were
described with the median (Me), and the interquartile
interval [25th percentile; 75th percentile] was stated.
Spearman analysis was used in order to identify correla-
tions bewteen parameters; and a the coefficient of rank
correlation was calculated. The value of the coefficient of
correlation was interpreted as follows: r > 0.7 — strong
correlation between parameters; 0.3 < r < 0.7 — mod-
erate correlation between parameters; r < 0.3 — weak
correlation between parameters [20]. The relevance
of differences between the groups was evaluated using
Mann-Whitney test. Differences were statistically sig-
nificant if the relevance threshold was 0.05. Variables
interdependence was evaluated using logistic regression.
ROC-analysis was performed in order to identify the
thresholds of test parameters and to determine sensitiv-
ity and specificity.

Results

A majority of patients had various cardiovascular
risks. Over a half of all patients had abdominal obesity;
one out of five patients (21.7 %) was a smoker. A combi-
nation of carotid atherosclerosis and arterial atheroscle-
rosis of lower limbs was observed in 76 (43.4 %) patients.
The median Hamaguchi score for hepatic steatosis inten-
sity was 2 points (refere to Table 1).

The correlation analysis demonstrated a positive
correlation between Hamaguchi score and triglycerides
concentration (r=0.317; p=0,0001) and weak negative
correlation with high density lipoprotein concentration
(r=-0.191; p=0.012).

The group of patients with a combination of carotid
atherosclerosis and arterial atherosclerosis of lower limbs
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demonstrated a higher Hamaguchi score vs. patients
without peripherial atherosclerosis (median Hamagu-
chi score is 3.0 (0,0; 4.0) points and 1.0 (0.0; 4.0) point,
respectively, p=0.026).

In order to identify the potential diagnostic value and
optimal Hamaguchi score thresholds for forecasting a
combination of carotid stenosis and arterial stenosis of
lower limbs, logistic regression analysis and ROC analy-
sis were performed (Table 2, Figure 1).

The logistic regression analysis showed that an
increase in Hamaguchi score by one point was associated

Table 1. Characteristics of patients included in the study

with 1.192-fold increase in the relative risk of a com-
bined atherosclerosis of both areas (carotid arteries and
lower limb arteries) (95% CI 1.023-1.387).

According to ROC-analysis, an increase in Hamagu-
chi score by > 2 points made it possible to diagnose a
combination of carotid stenosis and arterial stenosis of
lower limbs with the sensitivity of 52.6 % and specificity
of 63.6% (AUC=0.596; p=0.024).

In the comparative analysis of Hamaguchi score for
men and women, men had statistically higher score vs.
women (median score value: 3.0 (1.0; 4.0) points and

TMoxasarens/ Ha].II/I.EHTbI / My>xamHbI/ JKenumyupr/
Indicator Patients Men Women
(n=175) (n=72) (n=103)
Age, years, Me (IQR) 50,0 (44,05 56,0) 47,5 (44,05 55,0) 51,0 (45,0; 56,0)
28,1 25,5
) . s s
BMI, kg/m?, Me (IQR) 26,8 (23,4; 30,5) (25,7 31,2) (22,3; 29,4)
Obesity: 48 (27,4 %) 25 (34,7 %) 23(22,3%)
Metabolically healthy phenotype 8 (4,57 %) 3 (4,17 %) 5 (4,85 %)
Metabolically unhealthy phenotype 40 (22,9 %) 22 (31,4 %) 18 (17,5 %)

C 96,0 81,0
Waist circumference, cm, Me (IQR) 84 (77; 98) (85,05 104) (76,05 91,0)
Abdominal obesity, n (%) 98 (56 %) 49 (68,1 %) 49 (47,6 %)
Smoking, n (%) 38 (21,7 %) 23 (31,9%) 15 (14,6 %)
Coronary artery disease, n (%) 4 (2,28 %) 4 (5,55 %) 0
Arterial hypertension, n (%) 62 (35,4 %) 36 (50,0 %) 26 (25,2 %)
Type 2 diabetes mellitus, n (%) 3 (1,71 %) 2 (2,78 %) 1 (0,97 %)

Carotid atherosclerosis, n (%)/

Maximum stenosis of the carotid arteries, %, Me (IQR)

Carotid artery stenoses =50 %, n (%)
Atherosclerosis of lower limb arteries, n (%)
Lower limb arterial stenoses >50 %, n (%)

Combination of atherosclerosis of carotid arteries
and lower extremity arteries, n (%)

Total cholesterol, mmol/l, Me (IQR)
LDL cholesterol, mmol/l, Me (IQR)

HDL cholesterol, mmol/l, Me (IQR)

Triglycerides, mmol/l, Me (IQR)
Creatinine, pmol/l

pGFR, ml/min/1,73 m? to CKD-EPI (2011)
Hamaguchi score, Me (IQR)

121 (69,1%)
24,0 (0,0; 30,0)
5 (2,86%)
96 (54,8 %)
1(0,57%)

76 (43,4 %)

5,91 (5,03; 6,58)
3,71 (2,94; 4,55)

1,40 (1,16; 1,63)

1,16 (0,80; 1,70)
89,7 (73,5;103;6)
76,0 (63; 91)
2,0 (0,0; 4,0)

57 (79,2%)
26,0 (20,0; 33,8)
3 (4,16 %)
54 (75,0 %)
1(1,39%)

46 (63,9 %)

5,74 (4,70; 6,50)
3,48 (2,89; 4,36)

1,19
(1,01; 1,40)

1,30 (0,90; 2,10)

95,8 (81,7 110)

78,0 (67,2; 95,3)
3,0 (1,0; 4,0)

64 (62,1%)
20,0 (0,0; 25,0)
2(1,94%)
42 (40,8%)

0

30 (29,1 %)

6,06 (5,23; 6,62)
3,94 (3,14; 4,59)

1,53
(1,35; 1,72)

1,1 (0,80; 1,50)

85,1 (68,9; 100)

70,0 (60,0; 89,0)
1,0 (0,0; 4,0)

Note: Me — median; IQR — interquartile range; TCH — total cholesterol; TG — triglycerides; HDL — high-density lipoprotein cholesterol; LDL — low-density lipoprotein cholesterol;
¢GFR — calculated glomerular filtration rate

Table 2. Data from the logistic regression analysis

ioni 95% CI EXP(B)
B RMSE Wald DF Significance Exp (B)
level Lower Upper
HamaScore 0,175 0,077568 5,104 1 0,024 1,192 1,023 1,387
Constant -0,652 0,232698 7,841 1 0,005 0,521

IIpumeuanme: RMSE — cpennexsagparuynas omunbka; DF — degrees of freedom
Note: RMSE — Root Mean Square Error; CI — confidence interval
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1.0 (0.0; 4.0) points, respectively, p=0.003). However,
ROC-analysis results for the assessment of diagnostic
value of Hamaguchi score in forecasting a combination
of carotid stenosis and arterial atherosclerosis of lower
limbs performed separately for men and women did not
reveal any statistical significance (Figure 2A-B).

Hamaguchi score
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Figure 1. Results of the ROC analysis for the Hamaguchi
scale
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Discussion

Correlation between NAFLD and cardiovascular dis-
eases is one of the most actively studied areas of medi-
cine [21]. NAFLD deaths are caused mostly by cardio-
vascular events rather than by hepatic outcomes. Also,
NAFLD and CVD share a lot of pathogenic mechanisms:
system inflammation, insulin resistance, endothelial dys-
function, intestinal dysbiosis [22, 23].

In our study, steatometry Hamaguchi score demon-
strated diagnostic value in relation to carotid athero-
sclerosis and arterial atherosclerosis of lower limbs in
patients with NAFLD. Despite the low sensitivity and
specificity, we managed to demonstrate for the first time
that this ultrasound scale can be a useful tool for the
assessment of hepatic steatosis severity and a predictor
of a combination of carotid atherosclerosis and arterial
atherosclerosis of lower limbs.

In this article, we noted the correlation between
Hamaguchi score and lipid metabolism parameters. The
available data correlate with the results of previous stud-
ies. Sookoian S et al. (2008) demonstrated that carotid
atherosclerosis is observed statistically more frequent in
patients with NAFLD and noted the correlation between
the carotid Intima-media thickness and alanine amino-
transferase and gamma-glutamyl transpeptidase levels
[24]. The results of a metaanalysis by Tang ASP et al.
(2022) showed that the presence of NAFLD increases
the chances of carotid atherosclerosis by 3.2 times
(95% CI 2.37-4.32; p<0.0001), while the risk of stroke
increases 1.88-fold (95% CI 1.23-2.88; p=0.02) [25].

Hamaguchi score
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Figure 2. ROC analysis results for the Hamaguchi scale in men (A) and women (B)
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A number of studies discuss the correlation between
noninvasive markers of hepatic steatosis (in particu-
lar, Liver Fat Score (LFS)) and carotid atherosclerosis
prevalence, correlations between steatometry indices
(Hamaguchi score) and insuline resistance biomarkers
(HOMA index) [26, 27].

Conclusion

For NAFLD patients, Hamaguchi score of > 2 points
allows diagnosing a combination of carotid stenosis and
arterial stenosis of lower limbs with the sensitivity of
52.6 % and specificity of 63.6 %. Evaluation of hepatic ste-
atosis using Hamaguchi method can be used as a screen-
ing for peripheral atherosclerosis in high-risk patients.
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