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Non-alcoholic fatty liver disease (NAFLD) is a hepatic
manifestation of metabolic syndrome and a risk factor
for cardiovascular disease (CVD). Research conducted in
adults has proven that GGT can also be an independent
risk factor for CVD. The aim of this study was to ascer-
tain if GGT can be regarded as a simple biomarker of
cardiovascular risk in obese children with NAFLD. One
hundred obese children, aged 7-17 years, with suspect-
ed liver pathology were admitted to our Department.
Viral hepatitis and autoimmune, toxic and selected
metabolic liver diseases were excluded. Anthropometry,
laboratory tests, THMR spectroscopy and evaluation of
the common carotid artery intima-media thickness (IMT)
were performed in all subjects. NAFLD was confirmed in
38 obese patients. There was a significantly higher activ-
ity of GGT and ALT, the concentration of total and LDL
cholesterol, waist circumference, left coronary artery
IMT, mean IMT value and total lipids in THMRS in chil-
dren with NAFLD in comparison to non-hepatopathic
obese children. Logistic regression analysis indicated
that GGT, total cholesterol, LDL-cholesterol, left IMT and
waist circumference significantly affected the develop-
ment of NAFLD in obese children. In ROC analysis only
GGT, waist circumference and left IMT allowed to differ-
entiate children with NAFLD from those without steato-
sis with GGT having the highest result (AUC=0.94). GGT
activity in patients revealed weak or at the upper limit of
statistical significance correlation with traditional cardio-
vascular risk factors: glucose level, waist circumference,
BMI, total cholesterol, LDL-cholesterol and insulin level.
This allows to suggest, that GGT might be a potential
reliable, simple and non-invasive biochemical marker for
estimation of cardiovascular risk in obese children with
NAFLD. However, further studies on larger population
are necessary to confirm that observation.
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INTRODUCTION

With the global epidemic of obesity, non-alcoholic
fatty liver disease (NAFLD) has become the most com-
mon chronic liver disorder not only among adults in
the Western wortld, but also in children and adolescents,
affecting approximately 10-20% of the general pediat-
ric population. According to the current data, the prev-
alence of NAFLD in overweight and obese youths is
about 70%, compared to 7% in those of normal weight
(Temple ef al, 2016). The incidence of NAFLD has been
increasing in both developed and developing countries
(Marchesini ez al., 2016).

NAFLD is considered a multisystem disease and a
hepatic manifestation of metabolic syndrome (Vernon ez
al, 2011; Gaudio e/ al, 2012). The published pediatric
literature confirms that it is associated with a number
of metabolic risk factors including dyslipidemia, insulin
resistance, impaired glucose tolerance and visceral obe-
sity (Temple ez al, 2016; Marchesini e/ al., 2016; Vernon
et al., 2011; Gaudio ez al, 2012). Growing scientific ev-
idence suggests that NAFLD is an independent risk
factor for cardiovascular disease (CVD), whereas CVD
remains one of the major causes of excess mortality in
adult NAFLD patients (Targher ¢ al, 2010; SOderberg
et al., 2010).

The precise pathophysiological mechanism linking
NAFLD and cardiovascular complications remains un-
clear. In fact, children with NAFLD display increased
free fatty acids levels that may lead to myocardial lipid
accumulation with consequent impairments in myocar-
dial substrate metabolism and efficiency. Moreover, the
liver is responsible for increased production of very low
density lipoproteins (VLDL), which results in high con-
centrations of small dense LDL (sdLDL) in plasma and
accumulation in plaques leading to ischemic events and
high systolic blood pressure associated with NAFLD
which in turn may affect myocardial structure, metabo-
lism and function (Di Sessa ez al, 2017).

Recent studies have also shown that visceral adipose
tissue is the main source of hepatic fat and accomplishes
important endocrine functions (Lebensztejn et al, 2016).
It produces numerous biologically active substances in-
cluding pro-inflammatory adipokines such as: tumor
necrosis factor- o (I'NF-x), interleukin-6 (IL-06), visfatin
and leptin, which promote local inflammation and pro-
gression to non-alcoholic steatohepatitis (NASH) and
cirrhosis. Circulating adipokines also appear to trigger
a systemic inflaimmatory response and induce oxidative
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stress which promotes early atherosclerosis. In con-
trast, adiponectin seems to be decreased in patients with
NAFLD with low adiponectin levels possibly affecting
cardiac function and atherogenic risk (Di Sessa e al,
2017). What is more, experimental and human studies
point out the role of hepatokines released mainly from
the liver, such as fetuin A, fibroblast growth factor-21
(FGF-21) and selenoprotein P, in affecting the metab-
olism of lipids and glucose, which initiates pathogenic
pathways potentially contributing to a pro-atherogenic
environment. Importantly, FGF-21 is a protein synthe-
sized and secreted by the liver in high amounts in obese
subjects with a fatty liver and some investigators have
speculated it might play a role in cardiac hypertrophy
(Lebensztejn et al., 2010).

Coronary artery disease and stroke usually occutr in
middle and late age, but autopsy studies have demon-
strated that the atherosclerotic process in the vascular
wall starts in childhood and accelerates with exposure to
risk factors (Pacifico e/ al, 2011).

Most studies concentrate on sophisticated methods to
assess the cardiovascular system in obese patients. Data
about the use of noninvasive biochemical markers useful
in everyday practice is limited. The results of adults stud-
ies suggest that GGT may be identified as an indepen-
dent biomarker of increased cardiovascular risk (Ndreppa
& Kastrati, 2016; Lonardo & Romagnoli, 2016; Kasapo-
glu ez al, 2016; Arinc et al, 2013). Therefore, the aim of
this study was to ascertain if GGT can be regarded as a
simple biomarker of cardiovascular risk in obese children
with NAFLD.

MATERIALS AND METHODS

This prospective study involved a group of one hun-
dred obese children (BMI>95 pc, 32 girls and 68 boys)
aged from 7 to 17 years (median: 13 years), admitted to
our Department because of suspected liver pathology:
hepatomegaly, ultrasonographic liver brightness or in-
creased ALT activity in serum. The study protocol was
approved by the local bioethics committee. The purpose
of the study was carefully explained to the parents of the
children who gave their written consent to participate.

All subjects underwent physical examination with an-
thropometric measurements, barefoot and wearing mini-
mal garments. Body mass index (BMI) was calculated by
dividing weight (kg) by height squared (m?). Waist cir-
cumference was measured according to WHO protocol
taking a measurement at the approximate midpoint be-
tween the lower margin of the last palpable rib and the
top of the iliac crest.

Other liver disorders connected with steatosis such as:
viral (HBV, HCV), selected metabolic (Wilson’s disease,
alpha-1-antitrypsin deficiency, cystic fibrosis), autoim-
mune and toxic (drug induced liver injury — DILI) con-
ditions were excluded in all patients. Additionally, chil-
dren with diabetes or those receiving drugs that could
affect lipid metabolism were excluded from the study.

Blood chemistry analyses: alanine aminotransferase
(ALT), gamma-glutamyl transferase (GGT), total biliru-
bin, total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglycerides, fasting glu-
cose, insulin, high-sensitive C-reactive protein (hsCRP),
were measured after a minimum 12-hour fasting period.
ALT and GGT activities were determined by kinetic
method (Cobas 6000-c501, Roche Diagnostics USA) and
a serum ALT level >37 IU/]1 was considered abnormal.
GGT values 9-40 1U/1 were considered normal.

Total bilirubin was estimated using the Diazo Special
method (Cobas 6000-c501, Roche Diagnostics USA) and
the upper limit was 1.2 mg/dL

Total cholesterol was assessed with an enzymatic, col-
orimetric method (Cobas 6000-c501, Roche Diagnostics
USA) and values 120-200 mg/dl were considered not-
mal.

HDL-cholesterol, LDL-cholesterol and triglycerides
concentration were determined by a homogenous enzy-
matic colorimetric method (Cobas 6000-c501, Roche Di-
agnostics USA) and values 35-65 mg/dl for HDIL-cho-
lesterol, <130 mg/dl for LDL-cholesterol and 35-150
mg/dl for triglycerides were considered normal.

Glucose concentration was assessed with the hex-
okinase method (Cobas 6000-c501, Roche Diagnostics
USA) and values 60-100 mg/dl were considered normal.
Insulin concentration was measured by a chemilumines-
cent immunometric assay (Immulite 1000, Siemens).

HOMA-IR (homeostatic model assessment-insulin
resistance) was calculated according to Matthews ez al.
(1985).

To evaluate serum CRP, a high sensitivity method was
used (Latex-enhanced immunoturbidometric assay, Co-
bas 6000-c501, Roche Diagnostics USA).

Abdominal ultrasound (USG) was performed in all
participants by the same, expetienced radiologist, using
a General Electric Voluson E8 with a convex 3-5 Mhz
transducer. The degree of liver steatosis in USG was as-
sessed according to a four-grade (0-3) scale by Savery-
muttu ¢ al. (1986).

Common carotid artery intima-media thickness (IMT)
was measured on the right and left side, in the supine
position with the neck extended and the chin turned
away from the side being examined, also by the same
radiologist in all cases. Measurements were calculated on
three end diastolic images and averaged.

'"HMRS was performed with 1.5 T scanner (Picker
Eclipse) and with PRESS sequencing. Total intrahepatic
lipid concentration was assessed in relative units (r.u.) in
comparison to an unsuppressed water signal (Taraséw et
al.,, 2002).

Statistical analysis. Biochemical tests and anthropo-
metric parameters were expressed as median and 25-75
quartile (Q1-Q3). Statistical analysis was performed using
Statistica v 10.0. The Mann-Whitney test was used for
non-parametric data. The relationship between biochem-
ical tests was analyzed by the Spearman rank-correlation
test. Results were considered statistically significant at

$<0.05.

IBM SPSS Statistics 20.0 was used to analyze logistic
regression.

Receiver operating characteristics (ROC) analysis was
performed to calculate the power of the test to detect
children with NAFLD.

RESULTS

Characteristics of the examined group of children

Characteristics of the examined group of children is
presented in Table 1. NAFLD was confirmed in 38 out
of the 100 obese patients enrolled in this study who had
liver steatosis on USG examination and simultaneously
increased serum ALT activity. Obese children who had
neither liver steatosis on USG nor increased ALT activ-
ity were taken as the control group (obese non-hepato-
pathic children, n=18).
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Table 1. Characteristics of the examined group of children (n=100)

Parameter Median Q1 Q3
Age (years) 13 11 15
BMI (kg/m2) 28 26.2 322
Waist (cm) 95 90 105.5
ALT (IU/1) 34 21 57
GGT (1U/1) 21 15 30
Bilirubin (mg/dl) 0.6 0.5 0.8
Total cholesterol (mg/dl) 170.5 144 189.5
HDL-cholesterol (mg/dl) 48 40 55
LDL-cholesterol (mg/dl) 935 76 116
Triglycerides (mg/dl) 107 77 152.5
Glucose (mg/dl) 90 83 95
Insulin (uIU/ml) 14.9 11.6 19.5
HOMA-IR 3.46 24 44
hsCRP (mg/l) 1.2 0.7 2.0
USG - steatosis grade 1 1 2
Right IMT (mm) 0.52 0.48 0.57
Left IMT (mm) 0.52 0.48 0.57
Mean IMT (mm) 0.52 0.48 0.57
Lipids THMRS (r.u.) 103 55 170

Table 2. Comparative characteristics of obese children with NAFLD and obese non-hepatopathic children

Children with NAFLD

Obese non-hepatopathic children

Parameter (n=38) (n=18) P
Median; Q1-Q3 Median; Q1-Q3

Age (years) 14; 12-16 12; 11-14 NS
BMI (kg/m2) 301272335 28.7; 254-30.3 Ns
Waist (cm) 101; 945-107.5 85.5; 81-08 0014
CALT (UA) 66.5; 51-95 18; 15-28 00000
et 305, 2245 145, 12-23 0000013
Bilirubin (mg/d) 07;05-09 0.6;05-0.8 NS
f'-i-otal cholesterol (mg/dl) 178.57;7 151-214 148.5; 137-178 0025
,"HDL—choIesteroI (mg/dl) 45.5;”1710—54 48: 42-58 R
r"l;DL—choIesteroI (mg/dl) 95; 75—129 80.5; 68-100 oo
Triglycerides (mg/di) 1105; 76-167 87.5; 61-136 N
r"é|ucose (mg/dl) 91; é{—97 85: 81-91 w
Insulin (uIU/mi) 16.7; 12.8-21 14.5;9.6-18 NS
_HOMA-R 38,2847 3.2;21-39 Ns T
~ hsCRP (mg/) 09;07-18 1.1;0.7-2.2 Ns
*Right IMT (mm) 0.52; 0.5-0.57 0.48; 0.42-0.54 NS
Left IMT (mm) 0.54; 0.51-0.58 0.49; 0.46-0.52 002
Mean IMT (mm) 0.53; 0.5-56 0.48; 0.44-0.55 005
Lipids HMRS (r.u) 145; 95-210 30, 1761 o
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Table 3. Logistic regression analysis differentiating NAFLD patients from obese children without NAFLD

Parameter OR 95% ClI P
Waist (cm) 1.209 1.034-1.414 0.017
GGT (1U/1) 1.069 1.01-1.131 0.021
Total cholesterol (mg/dl) 1.019 1.001-1.037 0.038
HDL-cholesterol (mg/dl) 0.981 0.933-1.031 NS
LDL-cholesterol (mg/dl) 1.022 1.000-1.043 0.045
Triglycerides (mg/dl) 1.009 0.998-1.02 NS
HOMA-IR 1.118 0.851-1.469 NS
hsCRP (mg/l) 0.855 0.411-1.776 NS
Right IMT* (mm) 3429 0.673-17.459 NS
Left IMT* (mm) 26.52 1.28-549.594 0.034
Mean IMT* (mm) 0.313 1.08-153.682 NS

*OR and Cl displayed in conversion to 0.1 unit

Table 4. Ability of GGT, waist circumference and left IMT to detect children with NAFLD

Parameter AUC p Se Sp NPV PPV

GGT 0.94 0.000 94.12% 83.33% 83.33% 94.12%
Waist 0.83 0.002 94.12% 66.67% 80% 88.89%
Left IMT 0.82 0.002 88.24% 66.67% 66.67% 88.24%

Liver steatosis was confirmed in 82 patients using
abdominal USG and in 75 children using "HMRS.

There was a significantly higher activity of GGT and
ALT, concentration of total cholesterol, LLDI.-choles-
terol, waist circumference and total lipids in '"HMRS in
individuals with NAFLD in comparison to non-hepato-
pathic obese children. Also, left coronary artery-IMT and
mean IMT were higher in the NAFLD group than in
non-hepatopathic obese children (Table 2).

Correlation of GGT activity in patients with tradi-
tional cardiovascular risk factors was weak: glucose level
(r=0.2; p=0.04), waist circumference (t=0.36; p=0.01)
and BMI (1=0.24; p=0.02) or at the upper limit of sta-
tistical significance: total cholesterol (r=0.19; p=0.05),
LDL-cholesterol  (r=0.2; p=0.05) and insulin level
(1=0.19; p=0.05).

The results of logistic regression analysis demonstrat-
ed that GGT, total cholesterol, T.DI.-cholesterol, left
IMT and waist circumference were significant parameters
differentiating NAFLD patients from non-hepatopathic
obese children (Table 3). In the ROC analysis, among
different anthropometric and biochemical parameters
only GGT, waist circumference and left IMT presented
the differentiation capacity for both conditions with the
AUC for GGT being the highest (Figs 1, 2, 3, Table 4).

The combination of these markers (GGT, waist cir-
cumference, left IMT) was not superior.

DISCUSSION

In the presented study we found that GGT, waist
circumference and left IMT were the best tests to
differentiate children with NAFLD from obese, non-
hepatopathic patients. Among the three parameters,
GGT seems to be the most accurate, since the AUC for
GGT was the highest in the ROC analysis. Furthermore,
GGT activity in our patients correlated with traditional
risk factors for cardiovascular disease (total cholesterol,

LDL-cholesterol, glucose, insulin, waist circumference
and BMI). Therefore, GGT may be regarded as a
suitable simple, non-invasive biochemical marker of
cardiovascular risk in children with NAFLD.

Ample evidence suggests that increased GGT
activity is a marker of antioxidant inadequacy and
increased oxidative stress. The presence of GGT
activity in atherosclerotic plaques and correlation of
intra-plaque  GGT activity with histological indexes
of plaque instability may support the theory of GGT
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Figure 1. Receiver operating characteristics (ROC) curve of
ability of GGT to detect children with NAFLD (cut off>19.5).
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Figure 2. Receiver operating characteristics (ROC) curve of
ability of waist circumference to detect children with NAFLD
(cut off >91).

involvement in the pathophysiology of CVD, particularly
atherosclerosis (Ndreppa & Kastrati, 2016; Lonardo et
al., 2016).

Kasapoglu and coworkers (Kasapoglu e al, 2010)
in their large, but retrospective study (982 control
individuals »s 1818 individuals with various degrees
of fatty liver evaluated ultrasonographically) found a
positive correlation between elevated serum GGT levels
and the Framingham cardiovascular scoring system
among non-diabetic, non-obese adults with NAFLD.
The risk of cardiovascular disease increased with the
presence and severity of fatty liver disease. The authors
concluded that high GGT levels among patients with
fatty liver disease should be regarded as an alarm sign of
increased cardiovascular risk.

Arinc and coworkers (Arinc ef al, 2013), in a study
conducted in 50 adult patients with biopsy-proven
NASH, also found GGT to be a predictor of endothelial
dysfunction. The authors measured brachial artery FMD
(low-mediated dilatation) and CIMT (carotid artery inti-
ma-media thickness) as markers of endothelial function.
Patients with NASH had impaired FMD and increased
CIMT when compared to healthy controls. Linear re-
gression analysis showed that serum GGT concentration
was significantly associated with FMD and CIMT.

The role of GGT in predicting cardiovascular risk
in children remains under-explored. Kong and cowork-
ers (Kong e al, 2013) found that GGT and uric acid
have a combined effect in association with obesity and
cardiovascular risk factors (obesity, low HDL cholesterol
(HDL-C) level and high blood pressure) in children and
adolescents.

Serum GGT was also positively associated with meta-
bolic syndrome and its components in Korean children
and adolescents (Patk ¢# a/, 2017; Cho et al, 2011).

Our study is also in agreement with the study by
Alkhouti and coworkers (Alkhouti ez /., 2014) conducted
in children with biopsy-proven NAFLD. The significance
of non-HDL-C as a distinguishing marker for NASH on
multivariate analysis was lost when controlling for such

100%- Specificity

Figure 3. Receiver operating characteristics (ROC) curve of
ability of left IMT to detect children with NAFLD. (cut off >0.5).

serum markers as GGT and ALT, which themselves
are markers of inflammation and are associated with
cardiovascular risk.

Nevertheless, the main objective in our study was
to determine which of the examined parameters can be
considered as the best non-invasive, simple and valuable
marker of CVD in children. Yang and Chang (Yang &
Chang, 2016) did not find conventional anthropometry
helpful in differentiating obese children with and without
NAFLD and adopted a more advanced method - dual
energy X-ray absorptiometry (DXA). We found waist
circumference very simple and useful and our finding
was supported by other authors (Yoo et al, 2008; Mot-
amed e al, 2016). However, the result may be less ac-
curate if the measurement is not performed properly. In
contrast, GGT is always objective as it is assessed in an
automated analyzer.

Furthermore, IMT was higher only in the left coro-
nary artery in patients with NAFLD in our study. The
IMT on the right side was comparable in both NAFLD
patients and in controls. Manco and coworkers (Manco
et al, 2010) found a higher left IMT in patients with
NAFLD detected with ultrasonography and confirmed
by liver biopsy. Although statistically significant, this dif-
ference is unlikely to be clinically relevant because of a
substantial overlap of CIMT values between the cases
and controls. The authors did not confirm an associa-
tion between CIMT and the histological severity of the
steatosis and fibrosis.

In contrast, Man and coworkers (Man ez al., 2017)
measured carotid IMT in obese adolescents and in lean
controls and found this parameter significantly greater
in obese subjects. Moreover, univariate analyses showed
positive correlation between serum ALT and alkaline
phosphatase levels and carotid IMT.

Madan and coworkers (Madan ez al, 2015) carried
out a meta-analysis to evaluate the relationship between
NAFLD and carotid atherosclerosis measured as CIMT.
Their analysis showed that NAFLD is associated with
increased CIMT in both children and adults. In conclu-
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sion, the role of CIMT as a marker of CVD in children
is not clear. The procedure also requites an experienced
radiologist whereas GGT assessment is very simple and
widely available.

Our work has several potential limitations. Firstly, the
number of patients was relatively too small to draw defi-
nite conclusions. Secondly, the absence of a biopsy re-
garded as the ‘gold standard’ in diagnosis of NAFLD/
NASH, limits the generalizability of our findings. How-
ever, the procedure is invasive and the examined chil-
dren in our study did not meet the criteria to perform a
liver biopsy (Dezsofi et al., 2015).

In conclusion, the obtained data allowed us to suggest
that GGT might be a reliable, simple and non-invasive
biochemical marker for estimation of cardiovascular risk
in obese children with NAFLD. However, further stud-
ies on larger population are necessary to confirm that
observation.
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