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Abstract
Introduction: Metabolic-associated fatty liver disease (MAFLD) is a new disease definition. The development of hepatic 

steatosis is complex and may also be influenced by apoptotic mechanisms. 
Aim: We aimed to assess serum concentrations of selected apoptosis markers, cytokeratin-18 fragments (M30) and agiopoie-

tin-2 (Ang2) in children and adolescents with obesity and to evaluate the association of these parameters with paediatric MAFLD.
Material and methods: The prospective study included 76 overweight/obese children with suspected liver disease. MAFLD 

was diagnosed according to the latest consensus. The concentrations of M30 and Ang2 in serum were measured using an en-
zyme-linked immunosorbent assay (ELISA). 

Results: Liver steatosis was diagnosed in abdominal ultrasound in 45 obese patients (59.2%) who were classified as the 
MAFLD group. Children with MAFLD had elevated levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
g-glutamyltransferase (GGT), uric acid and M30 in comparison to non-MAFLD children. M30 positively correlated with ALT, AST, 
GGT, uric acid, Ang2 and the stage of liver steatosis. In receiver operating characteristic (ROC) analysis, M30 (cut-off = 173.74 
IU/ml with sensitivity = 76.9% and specificity = 69.6%) allowed overweight/obese patients with and without MAFLD to be 
differentiated. 

Conclusions: Our results suggest that the mechanism of apoptosis may play an important role in the development of MAFLD 
in children. There is a need for further studies in children to determine whether the M30 concentration may be an indicator of 
MAFLD progression and whether inhibition of apoptosis may become one of the therapeutic options for this disease.

Introduction
Childhood obesity is a growing public health prob-

lem worldwide, associated with adverse effects in the 
form of metabolic syndrome (MetS). MetS includes vis-
ceral obesity, elevated fasting glucose, triglycerides (TG), 
and blood pressure levels, and reduced high-density li-
poprotein cholesterol (HDL). In previous years, non-al-
coholic fatty liver disease (NAFLD) was a disease closely 
associated with MetS [1, 2]. Given the growing number 
of studies linking the occurrence of metabolic abnor-
malities in patients with NAFLD, an expert group pro-
posed to redefine NAFLD as metabolic-associated fatty 
liver disease (MAFLD). The MAFLD criteria in children 
are based on an invasive or non-invasive diagnosis of 
fatty liver in combination with visceral obesity or high 

fasting blood glucose/type 2 diabetes or the presence of 
at least two metabolic risk factors in lean patients [3].

NAFLD/MAFLD is the most frequently observed 
chronic liver disease in children. Most of the published 
studies concern the prevalence of NAFLD in children 
and adolescents. One study reported a steady increase 
in the incidence of fatty liver from 19.34 million in 1990 
to 29.49 million in 2017 among children and adoles-
cents [4]. So far, several studies evaluating the inci-
dence of MAFLD among children have been published, 
which show a rising incidence of this disease among 
adolescents [5, 6]. It is also worth noting that fatty liver 
can lead to more severe non-alcoholic steatohepatitis 
(NASH) and cirrhosis with all its consequences, e.g. 
increased risk of developing hepatocellular carcinoma 
(HCC) and end-stage liver disease [3]. Given the prev-
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alence and life-threatening consequences of MAFLD, it 
is important to search for non-invasive biomarkers of 
the disease and its severity. Considering the change in 
definition, it is also worth mentioning that the group 
of paediatric patients with NAFLD and MAFLD are 
not identical. According to Xing et al., almost 20% of 
children diagnosed with NAFLD do not have MAFLD 
[7]. Therefore, the results obtained previously should 
be treated with caution, and children diagnosed with  
MAFLD according to the latest criteria should be includ-
ed in newly published reports.

The progression of MAFLD from simple steatosis to 
NASH and fibrosis is connected with liver damage re-
sulting from lipotoxicity, oxidative stress, redox imbal-
ance, inflammation and apoptosis [8]. During apoptosis 
of liver cells, keratin-18 (CK18), the major intermediate 
fibrillar protein in hepatocytes, is cleaved by activat-
ed caspases [9]. Apoptotic cleavage of CK18 exposes 
two epitopes, M30 (a marker of apoptosis) and M65 
(a marker of overall cell death), which can be measured 
in serum and indicate the intensity of the process 
[10]. Agiopoietin-2 (Ang2) is a growth factor mediated 
through Tie-1 and Tie-2 tyrosine kinase receptor signal-
ling pathways. The biological activity of Ang2 is complex 
and depends on several factors. The physiological func-
tions of Ang2 are related to embryonic development, 
vascular homeostatic reactions and permeability [11]. 
In the disease state, Ang2 has been implicated as a pro-
motor of cell death, vascular regression or inflammation 
[11, 12]. Circulating levels of M30 and Ang2 have been 
evaluated as good biomarkers for severity of NAFLD, 
mainly in adult patients [13–17]. 

Aim
The aim of this study was to assess serum concen-

trations of M30 and Ang2 in obese children and ad-
olescents and to determine the association of these 
parameters with paediatric MAFLD.

Material and methods
The prospective study included 76 consecutive 

overweight (defined as a body mass index (BMI) at or 
above the 85th percentile and below the 95th percen-
tile)/obese (defined as a BMI at or above the 95th per-
centile) paediatric patients diagnosed in our depart-
ment due to suspected liver disease based on physical 
examination (hepatomegaly), or elevated alanine ami-
notransferase (ALT) activity or liver hyperechogenic-
ity in abdominal ultrasonography (USG). The control 
group included 57 children without any somatic organ 
pathology and a normal BMI matched for sex and age. 
The control group presented with normal activity of 
liver enzymes and normal liver on USG. BMI was cal-

culated by dividing weight in kilograms by the square 
of height in meters (kg/m2). The percentile values of 
BMI were taken from a study by Kułaga et al. [18].  
The waist-to-hip ratio (WHR) was measured as waist 
circumference (WC) divided by hip circumference 
(HC). There is a lack of universal calculators of WC 
percentile values in relation to age and sex in chil-
dren and adolescents. Based on a recently published 
article [19], all children in the study group had WC 
≥ 90th percentile. A body fat analyser (Tanita, Tokyo, 
Japan) was used to determine body composition by 
bioelectrical impedance. The following data were ob-
tained: body fat percentage (fat %), fat mass, fat-
free mass (FFM), muscle mass and total body water 
mass (TBW) and percentage (TBW%). The diagnosis 
of MAFLD was established according to the previous-
ly mentioned criteria [3]. The exclusion criteria from 
the study group were: a history of any concomitant 
chronic disease, acute infection and taking medica-
tions that affect lipid or carbohydrate metabolism or 
alcohol consumption. Viral hepatitis, selected meta-
bolic liver diseases (Wilson’s disease, a1-antitrypsin 
deficiency), cystic fibrosis, celiac disease, autoim-
mune hepatitis and toxic conditions were excluded 
in all participants.

All patients in our study had a blood sample tak-
en at the time of admission after a 10-hour fast. All 
sera were immediately frozen and stored at –80°C until 
use. Routine biochemical measurements, including to-
tal blood count, ALT, aspartate aminotransferase (AST), 
g-glutamyltransferase (GGT), bilirubin, total cholesterol, 
HDL-C and low-density lipoprotein (LDL-C) cholesterol, 
TG, uric acid, glucose and insulin were conducted us-
ing standard methods. Homeostasis model assessment 
score [HOMA-IR = (fasting insulin (mIU/l) × fasting glu-
cose (mmol/l))/22.5)] was calculated to estimate insulin 
resistance. Serum Ang2 and M30 levels were quantita-
tively measured using ELISA kits (ELISA Kit for Angio-
poietin 2, Cloude-Clone Corp., Katy, the United State of 
America; M30 Apoptosense ELISA kits Peviva, Bromma, 
Sweden). All assays were conducted according to the 
manufacturer’s instructions. The liver steatosis was di-
agnosed in abdominal ultrasonography. The degree of 
hepatic steatosis was assessed using a four-grade scale 
(0–3) according to Saverymuttu et al. [20]. Carotid ultra-
sonography examinations were performed to evaluate 
carotid intima-media thickness (IMT).

The protocol was approved by the Bioethics Commit-
tee of the Medical University of Bialystok prior to patient 
recruitment, and the study is in accordance with the Dec-
laration of Helsinki (approval number: APK.002.70.2023). 
Informed consent was obtained from all the patients’ 
parents and patients aged ≥ 16 years old. 
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Statistical analysis
Statistical analysis was performed using IBM SPSS 

Statistics version 27.0 (IBM Corp., Armonk, NY). The 
quantitative data were shown as median and quartiles 
(Q1–Q3). The qualitative variables were presented as 
absolute frequency and percentage. The significance of 
the difference between subgroups was evaluated with 
the non-parametric Mann–Whitney U-test for quan-
titative data and the c2 test for categorical variables. 
Spearman’s correlation test was used to analyse the 
correlations between variables. Receiver operating char-
acteristics (ROC) analysis was performed to calculate 
the power of selected parameters to detect MAFLD in 
obese children. Areas under the curve (AUCs) were com-
pared using statistical tests against the value of 0.5, 
representing the diagonal line of no information in the 
ROC plot. All statistical hypotheses were considered as 
statistically significant for p < 0.05.

Results
Patients from the study group presented significant-

ly different concentrations of M30 and Ang2 compared 
to the control group (p < 0.001, p < 0.001, Figure 1). 
General details in the analysed groups are listed in Sup-
plementary Table SI. In the next stage of the study, over-
weight/obese children with liver steatosis in ultrasound 
were assigned to the MAFLD group, and children with-
out liver steatosis in ultrasound were assigned to the 

non-MAFLD subgroup. Liver steatosis was diagnosed 
in abdominal ultrasound in 45 obese patients (59.2%). 
Among all participants with MAFLD, 25 children had 
mild liver steatosis in ultrasound (stage 1) and 20 chil-
dren developed more advanced liver steatosis (stages 
2 and 3) according to the Saverymuttu scale. Children 
with MAFLD had elevated levels of ALT, AST, GGT, uric 
acid and M30 in comparison to non-MAFLD children. 
The only anthropometric parameter significantly differ-
ent between the two groups was WHR. The clinical and 
laboratory characteristics of children included in the 
study are summarized in Table I.

In the next stage of the study, we assessed the dif-
ferences in individual parameters, including apoptosis 
markers, depending on the degree of hepatic steatosis 
in USG. We did not observe any significant differences 
between the two groups (Supplementary Table SII).

The correlations between studied markers and 
Ang2, M30 and stage of liver steatosis in ultrasound 
are presented in Table II. Interestingly, M30 positively 
correlated with some biochemical indicators (ALT, AST, 
GGP, uric acid, Ang2) and stage of liver steatosis. Ang2 
positively correlated only with GGP, total bilirubin and 
M30.

The ROC analysis presented in Table III and Figure 2 
was performed to determine which potential markers 
of apoptosis had the best predictive value for distin-
guishing overweight/obese children with MAFLD from 
those without MAFLD. A statistically significant result 

Figure 1. Serum M30 (A) and Ang2 (B) concentrations in study (1) and control (2) groups. Statistical analysis 
by Mann-Whitney U test. The minimum, maximum and median values of M30 and Ang2 are shown
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Table I. Characteristics of the study group divided according to the MAFLD diagnosis

Parameters (median, Q1–Q3) MAFLD (n = 45) Non-MAFLD (n = 31) P-value

Age [years] 12 (11–14.5) 11 (9–13) NS

Male, n (%) 34 (75.6%) 19 (61.3%) NS

ALT [IU/l] 44 (23.5–64.5) 22 (14–29) < 0.001

AST [IU/l] 30 (25.5–41.5) 22 (20–25) < 0.001

GGT [IU/l] 23 (16–28) 17 (13–21) 0.01

Total bilirubin [mg/dl] 0.48 (0.37–0.67) 0.4 (0.33–0.61) NS

Total cholesterol [mg/dl] 153 (125–175) 150 (136–157) NS

HDL-C [mg/dl] 43 (36–50) 45 (40–51) NS

LDL-C [mg/dl] 97 (71–113) 96 (79–110) NS

TG [mg/dl] 100 (82–139) 85 (64–108) NS

Glucose [mg/dl] 86 (82–89) 87 (84–92) NS

Insulin [μIU/l] 18.96 (12.76–24.04) 17.83 (13.1–26.28) NS

HOMA-IR 3.77 (0.81–12.4) 4.13 (2.79–5.48) NS

Uric acid [mg/dl] 5.9 (5.3–7.0) 5.1 (4.3–6.1) 0.02

Ang2 [pg/ml] 5591 (4365–8292) 5619 (4193–8279) NS

M30 [U/ml] 216.2 (94.1–458.6) 147.8 (110.1–286.7) < 0.001

Mean IMT [mm] 0.42 (0.30–0.58) 0.40 (0.30–0.58) NS

BMI z-score 2.00 (1.85–2.3) 2.08 (1.73–2.41) NS

BMI [pc] 98 (96–99) 98 (96–99) NS

WHR 0.96 (0.92–1.0) 0.92 (0.88–0.97) 0.03

Fat% 31.6 (27.0–38.7) 34.2 (28.3–43.4) NS

Fat mass [kg] 24.4 (12.0–60.0) 24.0 (19.1–31.7) NS

FFM [kg] 47.2 (40.9–60.9) 43.8 (33.8–55.2) NS

Muscle mass [kg] 44.8 (38.8–57.8) 41.6 (31.8–54.6) NS

TBW [kg] 34.6 (30.0–44.6) 32.2 (25.8–40.9) NS

TBW (%) 50.0 (44.9–53.1) 48.1 (41.5–52.9) NS

ALT – alanine aminotransferase, AST – aspartate aminotransferase, GGT – g-glutamyltransferase, HDL-C – high-density lipoprotein cholesterol, LDL-C – low-
density lipoprotein cholesterol, TG – triglycerides, HOMA-IR – homeostasis model assessment score, Ang2 – agiopoietin-2, M30 – cytokeratin-18 fragments, 
IMT – carotid intima-media thickness, BMI – body mass index, WHR – waist-to-hip ratio, fat % – body fat percentage, FFM – fat-free mass, TBW – total body 
water mass, TBW% – percentage total body water mass. 

was obtained for M30 (p < 0.001; AUC = 0.7742 with 
76.9% sensitivity and 69.6% specificity at the cut-off 
level 173.74 U/ml). Ang2 was not useful for predicting 
MAFLD in overweight/obese children (p > 0.05).

Discussion
The pathogenesis of hepatic lipid accumulation 

is complex and multifactorial. One of the factors that 
may affect the development and progression of NAFLD/ 
MAFLD is apoptosis, which may be based on several 
mechanisms [21]. This may be due to increased de novo 
lipogenesis affecting the occurrence of inflammation 
and subsequent apoptosis of liver cells [22]. Recently, 
it has been proven that endoplasmic reticulum stress 
and autophagy also participate in the regulation of he-
patocyte apoptosis processes, playing a role in the de-

velopment and progression of NAFLD [23]. Apoptosis is 
triggered by cysteine proteases of the caspase family. 
Caspase-3 cleaved intracellular CK-18 at two sites and 
the released fragments can be measured in serum [24]. 
We observed that children and adolescents with MAFLD 
had significantly higher concentrations of M30 com-
pared to their overweight/obese peers. In addition, M30 
also correlated with established liver damage markers 
such as ALT, AST and GGT. Another marker of apopto-
sis, Ang2, was also analysed in our study. However, its 
concentration compared to M30 was not significantly 
different between the MAFLD and non-MAFLD groups, 
further confirmed by the ROC analysis.

The accumulation of lipids in hepatocytes leads to 
cell death and is associated with disease progression 
to NASH. The diagnosis of NASH refers to hepatocyte 
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Table II. Correlations of Ang2, M30 and stage of liver 
steatosis with studied markers

Parameter  Ang2 M30

ALT r 0.06 0.72

p 0.628 < 0.001

AST r 0.02 0.56

p 0.881 < 0.001

GGP r 0.24 0.46

p 0.04 < 0.001

Total bilirubin r –0.31 0.13

p 0.007 0.260

Total cholesterol r -0.02 –0.09

p 0.894 0.458

HDL-C r –0.09 –0.13

p 0.449 0.266

LDL-C r 0.06 –0.20

p 0.581 0.090

TG r 0.25 0.04

p 0.033 0.701

Glucose r 0.02 –0.14

p 0.834 0.221

Insulin r 0.21 0.16

p 0.064 0.169

HOMA-IR r 0.21 0.13

p 0.071 0.287

Uric acid r 0.00 0.39

p 0.980 0.001

USG r 0.12 0.44

p  0.288 < 0.001

p 0,003 NA

ALT – alanine aminotransferase, AST – aspartate aminotransferase,  
GGT – g-glutamyltransferase, HDL-C – high-density lipoprotein cholesterol, 
LDL-C – low-density lipoprotein cholesterol, TG – triglycerides,  
HOMA-IR – homeostasis model assessment score, Ang2 – agiopoietin-2, 
M30 – cytokeratin-18 fragments. 

Table III. Analysis of the diagnostic efficiency of selected markers that significantly differentiated overweight/
obese patients with and without MAFLD

Parameter AUC SE 95% CI (AUC) P-value Cut-off Sensitivity Specificity

Ang2 0.5139 0.0764 (0.364–0.664) NS 5551 pg/ml 56.4% 47.8%

M30 0.7742 0.0618 (0.653–0.895) < 0.001 173.74 U/ml 76.9% 69.6%

AUC – area under the curve, SE – standard error, CI – confidence interval, Ang2 – agiopoietin-2, M30 – cytokeratin-18 fragments.
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Figure 2. ROC curve for ability of Ang2 (grey 
line) and M30 (black line) to detect children with  
MAFLD

balloon degeneration with or without fibrosis in his-
tological examination and may affect up to 50% of 
children with NAFLD [25]. So far, only a few studies on 
M30 level in paediatric patients with NAFLD have been 
published [26–29]. In reports involving healthy children 

as controls, similarly to us, M30 concentrations were 
higher in children with NAFLD [26, 27]. Also, increased 
levels of M30 have been reported in children with ste-
atohepatitis and fibrosis [26, 29, 30]. In another study, 
the concentration of M30 was found to correlate with 
the degree of liver fibrosis [27]. In addition, the proba-
bility of NASH increased with higher M30 levels [30]. 
Apoptosis markers were also significantly elevated in 
children/adolescents with other causes of liver dam-
age, such as alcohol intoxication [31]. In another study 
involving children and adults with NAFLD, Vuppalanchi  
et al. observed an association between serum M30 lev-
els and histological changes in the liver after a 96-week 
intervention. However, changes in serum M30 and ALT 
in predicting liver histology improvement in NAFLD had 
similar prognostic value [28]. Based on the mentioned 
studies, it can be assumed that the process of apoptosis 
is associated not only with the onset of hepatic steato-
sis, but also with its progression. More research is need-
ed to evaluate the usefulness of M30 in diagnosing and 
monitoring NAFLD/MAFLD in children. 

To date, few reports have been published on M30 
levels in adult NAFLD patients. The aim of most studies 
was to evaluate the usefulness of M30 in the non-in-
vasive diagnosis of NASH [13–17]. Significantly higher 
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concentrations of M30 were observed in patients with 
biopsy-proven NASH compared to non-alcoholic fatty 
liver (NAFL) patients [13–15, 17]. Moreover, some stud-
ies have demonstrated the utility of M30 as a non-in-
vasive marker of liver fibrosis [14, 32, 33]. It is worth 
noting that systems for assessing the probability of 
liver fibrosis and/or NASH have been developed, such 
as MACK-3 [33] or the FIC-22 sore [32]. The parameters 
included in these scoring systems include serum M30 
levels. Further research is needed to confirm their use-
fulness in everyday clinical practice. Expanding knowl-
edge about the importance of the apoptosis process in 
the occurrence and progression of fatty liver disease 
may contribute to the development of an effective 
treatment for MAFLD. Attempts to use anti-apoptotic 
drugs in the treatment of NASH and liver fibrosis are 
made at the stage of clinical trials [34]. To the best of 
our knowledge, studies using caspase-3 inhibition in 
NAFLD/MAFLD have not been performed to date.

In our analysis, we did not observe significant dif-
ferences in Ang2 values between overweight/obese 
MAFLD and non-MAFLD children. Manco et al. noted 
increased serum Ang2 levels in paediatric patients with 
NAFLD in parallel with disease activity [29]. This obser-
vation is not consistent with our study. The differences 
in the obtained outcome may result from various values 
of anthropometric parameters of study participants (in 
the cited study, patients with normal and abnormal BMI 
were compared). Studies in mice showed a beneficial 
effect of Ang2 inhibition on the reduction of hepatocyte 
ballooning and fibrosis in liver biopsy [35]. What is more, 
Ang2 gene expression in visceral adipose tissue correlat-
ed with lobular inflammation in adult NAFLD patients. 
However, in the same study, serum Ang2 levels did not 
show similar relationships [36]. To understand the role 
of Ang2 in the development of MAFLD in children, it is 
necessary not only to assess the concentration of Ang2 
in the serum, but also to evaluate Ang2 gene expression 
in liver, visceral and subcutaneous adipose tissue.

The strength of our study is that we analysed the 
associations between apoptosis markers and multiple 
clinical and biochemical parameters in children with 
MAFLD. It is also worth mentioning that previous work 
on apoptosis markers involved NAFLD children and 
adolescents, and no studies have been published on  
MAFLD patients in both children and adults. However, 
our work has several potential limitations. First, the 
number of patients was too small to draw definite con-
clusions. Second, our patients did not meet criteria to 
perform a liver biopsy [37]; therefore we could not as-
sess the correlation of M30 and Ang2 with histological 
grades of steatosis, inflammation and fibrosis. However, 
given the patchy nature of NASH lesions compared to 

other chronic liver diseases, liver biopsy in patients in 
our study is prone to sampling errors. In addition, liver 
biopsy is associated with significant intra- and inter-ob-
server variabilities [38]. 

Conclusions
Our results suggest that the mechanism of apop-

tosis may play an important role in the development 
of MAFLD in children. This is underlined by adding 
a correlation of ALT, AST or GGT values with serum M30 
levels There is a need for further studies in children to 
determine whether the M30 concentration may be an 
indicator of MAFLD progression and whether inhibition 
of apoptosis may become one of the therapeutic op-
tions for this disease.

Funding
This study was financially supported by grants from 

the Medical University of Bialystok, Poland, grant num-
ber: B.SUB.24.437.

Ethical approval
Approval number: APK.002.70.2023.

Conflict of interest
The authors declare no conflict of interest.

References

1.	The Lancet Diabetes Endocrinology. Childhood obesity: a grow-
ing pandemic. Lancet Diabetes Endocrinol 2022; 10: 1.

2.	Zdanowicz K, Bobrus-Chociej A, Lebensztejn DM. Chemerin as 
potential biomarker in pediatric diseases: a PRISMA-compliant 
study. Biomedicines 2022; 10: 591.

3.	Eslam M, Alkhouri N, Vajro P, et al. Defining paediatric metabol-
ic (dysfunction)-associated fatty liver disease: an internation-
al expert consensus statement. Lancet Gastroenterol Hepatol 
2021; 6: 864-73.

4.	Zhang X, Wu M, Liu Z, et al. Increasing prevalence of NAFLD/
NASH among children, adolescents and young adults from 
1990 to 2017: a population-based observational study. BMJ 
Open 2021; 11: e042843.

5.	Ramírez-Mejía MM, Díaz-Orozco LE, Barranco-Fragoso B, et al. 
A review of the increasing prevalence of metabolic-associated 
fatty liver disease (MAFLD) in children and adolescents world-
wide and in mexico and the implications for public health. 
Med Sci Monit 2021; 27: e934134.

6.	 Liu J, Mu C, Li K, et al. Estimating global prevalence of meta-
bolic dysfunction-associated fatty liver disease in overweight 
or obese children and adolescents: systematic review and me-
ta-analysis. Int J Public Health 2021; 66: 1604371.

7.	Xing Y, Fan J, Wang HJ, et al. Comparison of MAFLD and NAFLD 
characteristics in children. Children 2023; 10: 560.

8.	Kumar S, Duan Q, Wu R, et al. Pathophysiological communica-
tion between hepatocytes and non-parenchymal cells in liver 



47Apoptosis markers in children with metabolic-associated fatty liver disease: a preliminary study

Gastroenterology Review 2025; 20 (1)

injury from NAFLD to liver fibrosis. Adv Drug Deliv Rev 2021; 
176: 113869.

9.	Ku NO, Strnad P, Zhong BH,et al. Keratins let liver live: muta-
tions predispose to liver disease and crosslinking generates 
Mallory-Denk bodies. Hepatology 2007; 46: 1639-49.

10.	Kramer G, Erdal H, Mertens HJ, et al. Differentiation between 
cell death modes using measurements of different soluble 
forms of extracellular cytokeratin 18. Cancer Res 2004; 64: 
1751-6.

11.	Akwii RG, Sajib MS, Zahra FT, et al. Role of angiopoietin-2 in 
vascular physiology and pathophysiology. Cells 2019; 8: 471.

12.	Radmanić L, Zidovec-Lepej S. The role of stem cell factor, epi-
dermal growth factor and angiopoietin-2 in HBV, HCV, HCC and 
NAFLD. Life 2022; 12: 2072.

13.	Zhang H, Rios RS, Boursier J, et al. Hepatocyte apoptosis frag-
ment product cytokeratin-18 M30 level and non-alcoholic stea-
tohepatitis risk diagnosis: an international registry study. Chin 
Med J 2023; 136: 341-50.

14.	Liebig S, Stoeckmann N, Geier A, et al. Multicenter validation 
study of a diagnostic algorithm to detect NASH and fibrosis in 
NAFLD patients with low NAFLD fibrosis score or liver stiffness. 
Clin Transl Gastroenterol 2019; 10: e00066.

15.	Eguchi A, Iwasa M, Yamada M, et al. A new detection system 
for serum fragmented cytokeratin 18 as a biomarker reflect-
ing histologic activities of human nonalcoholic steatohepatitis. 
Hepatol Commun 2022; 6: 1987-99.

16.	Tada T, Kumada T, Toyoda H, et al. New scoring system combin-
ing the FIB-4 index and cytokeratin-18 fragments for predict-
ing steatohepatitis and liver fibrosis in patients with nonalco-
holic fatty liver disease. Biomarkers 2018; 23: 328-34.

17.	Arab JP, Hernández-Rocha C, Morales C, et al. Serum cytokera-
tin-18 fragment levels as noninvasive marker of nonalcoholic 
steatohepatitis in the chilean population. Gastroenterol Hepa-
tol 2017; 40: 388-94.

18.	Kułaga Z, Litwin M, Tkaczyk M, et al. Polish 2010 growth refer-
ences for school-aged children and adolescents. Eur J Pediatr 
2011; 170: 599-609.

19.	Xi B, Zong X, Kelishadi R, et al. International waist circumfer-
ence percentile cutoffs for central obesity in children and ad-
olescents aged 6 to 18 Years. J Clin Endocrinol Metab 2020; 
105: e1569-83.

20.	Saverymuttu SH, Joseph AE, Maxwell JD. Ultrasound scanning 
in the detection of hepatic fibrosis and steatosis. Br Med J 
1986; 292: 13-5.

21.	Kanda T, Matsuoka S, Yamazaki M, et al. Apoptosis and non-al-
coholic fatty liver diseases. World J Gastroenterol 2018; 24: 
2661-72.

22.	Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular mecha-
nisms of hepatic lipid accumulation in non-alcoholic fatty liver 
disease. Cell Mol Life Sci 2018; 75: 3313-27.

23.	Nasiri-Ansari N, Nikolopoulou C, Papoutsi K, et al. Empagliflozin 
attenuates non-alcoholic fatty liver disease (NAFLD) in high fat 
diet fed ApoE. Int J Mol Sci 2021; 22: 818.

24.	Intke C, Korpelainen S, Lappalainen M, et al. Serum caspase-
cleaved cytokeratin-18 fragment as a prognostic biomarker in 
hematological patients with febrile neutropenia. Clin Exp Med 
2022; 22: 83-93.

25.	Yu EL, Schwimmer JB. Epidemiology of Pediatric Nonalcoholic 
Fatty Liver Disease. Clin Liver Dis 2021; 17: 196-9.

26.	Fitzpatrick E, Mitry RR, Quaglia A, et al. Serum levels of CK18 
M30 and leptin are useful predictors of steatohepatitis and 
fibrosis in paediatric NAFLD. J Pediatr Gastroenterol Nutr 2010; 
51: 500-6.

27.	Lebensztejn DM, Wierzbicka A, Socha P, et al. Cytokeratin-18 
and hyaluronic acid levels predict liver fibrosis in children with 
non-alcoholic fatty liver disease. Acta Biochim Pol 2011; 58: 
563-6.

28.	Vuppalanchi R, Jain AK, Deppe R, et al. Relationship between 
changes in serum levels of keratin 18 and changes in liver 
histology in children and adults with nonalcoholic fatty liver 
disease. Clin Gastroenterol Hepatol 2014; 12: 2121-30.e1-2.

29.	Manco M, Panera N, Crudele A, et al. Angiopoietin-2 levels cor-
relates with disease activity in children with nonalcoholic fatty 
liver disease. Pediatr Res 2022; 91: 1781-6.

30.	Feldstein AE, Alkhouri N, De Vito R, et al. Serum cytokeratin-18 
fragment levels are useful biomarkers for nonalcoholic steato-
hepatitis in children. Am J Gastroenterol 2013; 108: 1526-31.

31.	Zdanowicz K, Olanski W, Kowalczuk-Kryston M, et al. Total 
keratin-18 (M65) as a potential, early, non-invasive biomarker 
of hepatocyte injury in alcohol intoxicated adolescents – a pre-
liminary study. Biomolecules 2021; 11: 911.

32.	Kobayashi N, Kumada T, Toyoda H, et al. Ability of cytokera-
tin-18 fragments and FIB-4 Index to diagnose overall and mild 
fibrosis nonalcoholic steatohepatitis in Japanese nonalcoholic 
fatty liver disease patients. Dig Dis 2017; 35: 521-30.

33.	Chuah KH, Wan Yusoff WNI, Sthaneshwar P, et al. MACK-3  
(combination of hoMa, Ast and CK18): a promising novel 
biomarker for fibrotic non-alcoholic steatohepatitis. Liver Int 
2019; 39: 1315-24.

34.	Brown E, Hydes T, Hamid A, et al. Emerging and established 
therapeutic approaches for nonalcoholic fatty liver disease. 
Clin Ther 2021; 43: 1476-504.

35.	Lefere S, Van de Velde F, Hoorens A, et al. Angiopoietin-2 pro-
motes pathological angiogenesis and is a therapeutic target 
in murine nonalcoholic fatty liver disease. Hepatology 2019; 
69: 1087-104.

36.	Wolfs MG, Gruben N, Rensen SS, et al. Determining the as-
sociation between adipokine expression in multiple tissues 
and phenotypic features of non-alcoholic fatty liver disease in 
obesity. Nutr Diabetes 2015; 5: e146.

37.	Dezsőfi A, Baumann U, Dhawan A, et al. Liver biopsy in chil-
dren: position paper of the ESPGHAN Hepatology Committee. 
J Pediatr Gastroenterol Nutr 2015; 60: 408-20.

38.	Davison BA, Harrison SA, Cotter G, et al. Suboptimal reliabili-
ty of liver biopsy evaluation has implications for randomized 
clinical trials. J Hepatol 2020; 73: 1322-32.

Received: 12.09.2023
Accepted: 8.01.2024
Online publication: 16.03.2025


