
Progress in Nutrition 2021; Vol. 23, N. 4: e2021316 DOI 10.23751/pn.v23i4.11589 © Mattioli 1885

O r i g i n a l  a r t i c l e

New Criteria in Defining the Metabolic Syndrome in 
Children? – An Analysis of the Relationship Between the 
Hepatic Enzymes and the Insulin Resistance, HOMA-IR 
And Lipid Parameters in the Obese Children
Ana-Maria Pelin1, Gabriela Balan2, Cristina Stefanescu3, Stefan Rosca4, Camelia Busila2

1 Dunarea de Jos University of Galati, Faculty of Medicine and Pharmacy, Department of Pharmaceutical Sciences, Galati, 
Romania; 2Dunarea de Jos University of Galati, Faculty of Medicine and Pharmacy, Clinical Medical Department, Galati,  
Romania; 3 Dunarea de Jos University of Galati, Faculty of Medicine and Pharmacy, Departament of Dentistry, Galati, Romania;  
4 Dunarea de Jos University of Galati, Faculty of Medicine and Pharmacy, Clinical Medical Department, Galati, Romania

Authorship: All authors have contributed equally to the study 

Summary. Background : The purpose of the study was aimed towards ascertaining whether the fat non-alcoholic 
fatty liver disease (NAFLD) that manifested through raised ALT and AST values could be considered a he-
patic manifestation of metabolic syndrome in children. Methods: A number of 108 children aged between 7 and 
18 years old (12.89±2.93), with body mass index - BMI > 25 kg/m2 were studied, who underwent metabolic 
syndrome parameters’ assessments. Determinations of blood pressure, abdominal perimeter, fasting glucose, 
insulinemia were made, the HOMA-IR index (Homeostatic model assessment for insulin resistance) was cal-
culated. The value of the HOMA-IR index between 2-4 was considered as glucose tolerance decrease and 
HOMA-IR>4 was considered diabetes for both sexes. We also made laboratory determinations of cholesterol, 
HDL-cholesterol, LDL-cholesterol, triglycerides. We correlated the identified groups with diabetes mellitus 
and the glucose tolerance decrease according to HOMA-IR with the values of liver enzymes AST (aspartatami-
notransferase) and ALT (alaninaminotransferase). Results: The calculated HOMA-IR showed, in 53.7% of the 
obese children, the glucose tolerance decrease, (HOMA-IR > 2). The individual level of the HOMA-IR index 
was significantly lower at older ages, the correlation was indirect, moderate in intensity (r = - 0.217; p=0.024), 
suggesting that approximately 22% of children have a lower HOMA-IR level at older ages. The following are 
confirmed as good predictors of diabetes: LDL cholesterol (AUC=0.632; IC95%: 0.526-0.738; p=0.018), ALT 
(AUC=0.645; IC95%: 0.541-0.750; p=0.009) and AST (AUC=0.617; IC95%: 0.510-0.724; p=0.036). The 
HDL cholesterol parameter proves to be a good predictor of decreased glucose tolerance (AUC=0.607; IC95%: 
0.469-0.745). Conclusions: The increased liver enzymes (mainly AST, but also ALT) and LDL cholesterol are 
positively associated with the prevalence of the metabolic syndrome in paediatric populations and with diabetes 
mellitus. Although there is a correlation between AST, ALT and LDL-cholesterol and decreased glucose toler-
ance or diabetes mellitus, a larger batch analysis of obese children is required to determine whether liver enzymes 
and LDL-cholesterol can be introduced as diagnostic criteria of the metabolic syndrome in obese children.
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Introduction

The liver is the main metabolic organ in the hu-
man body and its normal function is essential both 
for the children’s development and to prevent the 

future risk of cardiovascular diseases and other meta-
bolic disorders (1). Non-alcoholic fatty liver disease 
(NAFLD), is one of the most common liver diseases 
in the children with particular risk factors, includ-
ing obesity, metabolic syndrome, sedentary lifestyle  



Progress in Nutrition 2021; Vol. 23, N. 4: e20213162

and/or predisposing genetics (2). Insulin resistance, 
central adiposity, which is the accumulation of fat 
in the visceral organs, plays a specific contribution 
in determining the disease risk (3,4). We define the 
metabolic syndrome – MetS, by using the criteria of 
F.I.D. (International Diabetes Federation), W.H.O 
(World Health Organisation) and N.C.E.P. AT.P.III  
(National Cholesterol Education Program - Adult 
Treatement Panel lII), modified for children, but 
none of these criteria included the values of the liver  
enzymes (5). Several clinical and experimental studies 
suggested that the non-alcoholic fatty liver (NAFLD), 
which mainly varies from the pure fatty liver to non-
alcoholic steatohepatitis (NASH) and cryptogenic 
cirrhosis, is simply the hepatic manifestation of the 
metabolic syndrome (6). The prevalence of MetS 
ranges from 6 to 39% depending on the applied defi-
nition criteria (7). The individual’s risk for developing 
MetS is influenced by genetics and epigenetics (gesta-
tional programming and epigenetic inheritance) and 
is associated with the birth weight and early return of 
adiposity (8,9,10). Over the past decade, studies have 
shown that, in parallel with the increased prevalence 
of obesity in the paediatric population, NAFLD has 
become the most common form of liver disease during 
childhood (11). In fact, its prevalence has doubled in 
the last 20 years (12). The overall prevalence in chil-
dren reached approximately 10%, growing up to 17% 
in adolescents and 40% -70% in obese children. (13). 
The development of NAFLD is strongly influenced by 
age, gender, race and ethnicity (11,12, 14). NAFLD 
and MetS are closely related, so NAFLD has been de-
scribed as the hepatic expression of MetS (15,16,17), 
insulin resistance being the engine of pathogenesis. A 
recent study reported that 66% of investigated chil-
dren with NAFLD, proven with biopsy, had MetS. 
Specifically, 63% had hypertriglyceridemia, 45% had 
low HDL cholesterol, 40% suffered from hyperten-
sion, and 10% had impaired glucose tolerance. In ad-
dition, an association between the disease’s histological 
severity and some components of the MetS have been 
reported (18). Despite recent advances in understand-
ing of paediatric NAFLD, the natural history and 
consequences of this condition are still unclear (19).
MetS does not have very well established diagnostic 
criteria in children precisely because they can change 
depending on whether or not they maintain the status 

of obese with age. The pathogenic link between MetS 
and NAFLD represented by insulin resistance makes 
it necessary to evaluate liver function in obese children 
diagnosed with MetS.

Material and methods

The retrospective study was carried out on 108 
obese children with ages ranging from 7 to 18 years 
old (12.89±2.93), with a body mass index BMI> 25 
kg/m2 (BMI= body weight in kg / height in square 
meters, overweight IMC > 25 kg/m2 , obesity> 30 
kg/m2 . Only children with exogenous obesity were in-
cluded in the study group and we excluded patients 
who were already diagnosed with liver disease, dia-
betes, or decreased glucose tolerance. The retrospec-
tive study was conducted according to the declaration  
of Helsinki II and approved by the Ethics Commit-
tee of the Emergency Hospital for Children "Sfantul 
Ion" Galati. Data related to weight and height were 
collected from the patients' files and the body mass in-
dex was calculated. Evaluation of the insulin resistance 
homeostasis (HOMA-IR) model was calculated using 
the formula: glucose (mg / dL) × insulinemia / 405. 
HOMA-IR limit values   for insulin resistance were de-
fined as ˂ 2 normal, 2 -5 decreased glucose tolerance 
and> 5 diabetes.

Metabolic syndrome (MetS) has been diagnosed 
according to the criteria of the International Diabetes 
Federation (IDF): • Abdominal obesity: PA (abdomi-
nal perimeter) white race: -> 94 cm men -> 80 cm  
women Plus two of the criteria: • BT> 1.7 mmol / L  
(≥150 mg / dl), or treatment of dyslipidemia • HDL 
<1.3 mmol / L in women (<45 mg / dl) • BP> 
130/85 mmHg or medication • fasting blood glucose> 
5.6 mmol / L (100 mg / dl) or diagnosis of diabetes 
Data were also collected from patient records: TGO, 
TGP, blood glucose, insulinemia, HDL-cholesterol, 
triglycerides, abdominal circumference and blood 
pressure. In data processing we used the Pearson cor-
relation coefficient (r) with the significance level (p) 
and the Skewness test to determine whether the batch 
distributions meet the normal condition and can be 
extrapolated to the general population. The Skewness 
and Kurtosis tests (-2 <p <2) are tests that measure 
the normality of the value series, in order to be able to 
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determine whether or not the variables are continuous. 
If the values   are homogeneous, tests of significance 
at mean ± standard deviation (SD) may be applied: 
- t-Student test - parametric test that compares the 
average values   recorded in 2 groups with normal dis-
tributions; - Paired Samples T test used in which the 
average level is compared for 2 estimates of the same 
variable in groups with normal distributions.

Results

Study lot - features

A number of 108 children with BMI >25 kg/m2, 
19 overweight and 89 obese were introduced, the sex 
ratio being 1/1, with ages ranging from 7 to 18 years, 
the average level being of approximately 13 years. The 
initial evaluation of the study group shows a percent-
age of 7.4% of the children had an initial glycaemia 
over 100mg/dl, and 21.3% insulinemia over 24.9  
µU/ml. Liver enzymes had above normal levels in 

9.3% (ALT) and 13.9% (AST), 61,1% had HDL cho-
lesterol > 45 md/dl, 73,1% had higher triglyceride lev-
els, 50% had cholesterol higher 170mg/dl and 38% has 
LDL-cholesterol higher 110mg/dl.

Lipid and hepatic parameters in relation to the obese 
status

Higher triglyceride levels (RR=1.96; IC95%: 
0.62-6.23; p=0.622104), total cholesterol (RR=1.71; 
IC95%: 0.73-4.02; p=0.204) and LDL cholesterol 
(RR=1.47; IC95%: 0.65-3.31; p=0.357) highlights 
a higher estimated risk in the overweight children.
Lower HDL cholesterol levels (RR=3.39; IC95%: 
0.65-3.31; p=0.357) highlights an estimated risk more 
than 3 times higher in the overweight children. ALT 
and AST had highest levels in obese children (table 1).

HOMA-IR Index

HOMA-IR (Homeostatic model assessment 
for insulin resistance) calculated using fasting insulin 

Table 1. Correlation of lipid and hepatic markers with obesity

Parameters
Obese
(n=89)

Overweight
(n=19)

Chi2 test
P Rr IR95%

Total cholesterol, mg/dl
Increased
Normal

42 (47.2%)
47 (52.8%)

12 (63.2%)
18 (36.8%)

0.204 1.71S 0.73-4.02

LDL cholesterol, mg/dl
Increased
Normal

32 (36.0%)
57 (64.0%)

9 (47.4%)
10 (52.6%)

0.357 1.47S 0.65-3.31

HDL cholesterol, mg/dl
Low
Normal

50 (56.2%)
39 (43.8%)

16 (84.2%)
3 (15.7%)

0.016 3.39S 1.05-10.94

ALT, UI/l
Increased
Normal

8 (9.0%)
81 (91.0%)

2 (10.5%)
17 (89.5%)

0.836 1.15S 1.31-4.29

AST, UI/l
Increased
Normal

14 (15.7%)
75 (84.3%)

1 (5.3%)
18 (97.4%)

0.187 1.16O 0.05-2.39

Triglycerides, mg/dl
Increased
Normal

63 (70.8%)
26 (29.2%)

16 (84.2%)
3 (15.8%)

0.210 1.96S 0.62-6.23

S – risk for the overweight O – risk for the obese
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The individual level of the HOMA-IR index was sig-
nificantly lower at older ages, the correlation was in-
direct, moderate in intensity (r = - 0.217; p=0.024), 
suggesting that approximately 22% of children had a 
lower HOMA-IR level at older ages (Figure 3)

In the patients with decreased glucose tolerance or 
diabetes, the average LDL cholesterol levels were sig-
nificantly higher compared to the patients with normal 
HOMA-IR levels (93.14 vs 107.01 and 100.09 mg/dL  
respectively; p=0.05), and ALT levels were signifi-
cantly lower in patients with diabetes than those with 
decreased or normal glucose tolerance (22.86 vs 28.39 
and 25.15 mg/dL, respectively; p=0.036) (table 2).

The high level of total cholesterol (50% vs 43.5%; 
p=0.596), LDL (50% vs 34.8%; p=0.212) and HDL 
cholesterol (62.1% vs 47.8%; p=0.234), as well as AST 
(17.2% vs 8.7%; p=0.307) was not significantly differ-
ent depending on the insulin resistance or the diabetes 
mellitus status (table V). Increased ALT was encoun-
tered only in 15.5% of the patients with insulin resist-
ance (p=0.011) (table IV). Both in the patients with 
the glucose tolerance decrease and those with diabetes 
mellitus, the level of triglycerides over the reference 
limits was noticed in more than 70% of the children 
(74.1% vs 70.4%; p=0.709) (table 3).

By tracing the ROC curve, the following are 
confirmed as good predictors of diabetes mellitus: 
LDL cholesterol (AUC=0.632; IC95%: 0.526-0.738; 
p=0.018), ALT (AUC=0.645; IC95%: 0.541-0.750; 

concentration (mg/dl) x fasting glucose concentration (mg/
dl)/405 revealed in 21.3% of total diabetes study group 
(HOMA-IR > 5), and in 53.7% of children the decrease 
in glucose tolerance (HOMA-IR > 2) (Figure 1). The 
percentage distribution of cases with diabetes (15.8% vs. 
22.5%) and insulin resistance (52.6% vs 53.9%) was slightly 
higher in obese children, but differences in weight status 
were not statistically significant (p=0.693) (Figure 2).

Cases with insulin resistance (59.3% vs 48.1%) 
predominate in both male and female patients, but it 
should be noted that in the female sex the share of 
normal cases was 31.5% vs. 18.5%, but the percentage 
differences were not statistically significant (p=0.286). 

NORMAL
25.0%

INSULIN
RESISTANCE

53.7%

DIABETES
MELLITUS

21.3%

Figure 1. Case distribution depending on HOMA-IR level
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Table 2. Average values of hepatic and lipidic markers depending on the HOMA-IR Level

Parameters

HOMA-IR
F ANOVA test  

p< 2 2 - 5 > 5

Total cholesterol 172.56±28.46 169.40±29.13 167.90±30.18 0.840

LDL cholesterol 93.14±20.33 107.01±25.63 100.09±24.99 0.050
HDL cholesterol 41.07±10.16 43.24±11.58 46.29±12.47 0.278

ALT 25.15±9.13 28.39±10.06 22.86±5.49 0.036
AST 26.19±9.52 30.64±12.11 26.00±10.17 0.111

Triglycerides 107.26±45.70 112.67±45.90 99.26±36.92 0.464

Table 3. Correlation of hepatic markers with the glucose tolerance decrease and diabetes mellitus

Parameters HOMA-IR > 2 (n=58) HOMA-IR > 5 (n=23) Chi2 test P Rr IR95%

Total cholesterol
Increased
Normal

29 (50.0%)
29 (50.0%)

10 (43.5%)
13 (56.5%)

0.596 1.08 0.82-1.42

LDL cholesterol
Increased
Normal

29 (50.0%)
29 (50.0%)

8 (34.8%)
15 (65.2%)

0.212 1.19 0.91-1.56

HDL cholesterol
Low
Normal

36 (62.1%)
22 (37.9%)

11 (47.8%)
12 (52.2%)

0.243 1.18 0.88-1.59

ALT
Increased
Normal

9 (15.5%)
49 (84.5%)

0 (0%)
23 (100%)

0.011 1.47 1.25-1.72

AST
Increased
Normal

10 (17.2%)
48 (82.2%)

2 (8.7%)
21 (91.3%)

0.307 1.20 0.89-1.61

Triglycerides
Increased
Normal

42 (72.4%)
16 (27.6%)

18 (78.3%)
5 (21.4%)

0.584 0.92 0.54-2.97

p=0.009) and AST (AUC=0.617; IC95%: 
0.510-0.724; p=0.036). Only HDL cholesterol proves 
to be a good predictor of decreased glucose tolerance 
(AUC=0.607; IC95%: 0.469-0.745) (Fig. 4).

Discussion

Our study analyzes 108 overweight and obese chil-
dren from the perspective of the diagnostic parameters 

of metabolic syndrome. We attempt to establish a cor-
relation between the metabolic changes induced by 
obesity (decreased glucose tolerance, diabetes mellitus) 
and the lipid, but especially liver parameters. It is con-
firmed that HDL cholesterol is a useful parameter in 
the diagnosis of the metabolic syndrome in the obese 
children. Increases in the liver enzymes (AST, ALT) 
induced by metabolic steatohepatitis are a predictor for 
the occurrence of diabetes mellitus. Also, the increase 
in LDL-cholesterol levels is the predictor of diabetes 
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Figure 4. ROC Curve. Predictor markers of diabetes mellitus and glucose tolerance decrease

mellitus. The analysis showed that there are no sta-
tistically significant differences in metabolic changes 
between the status of obese and overweight. Early in-
tervention by applying measures to correct metabolic 
disorders (exercise, lifestyle change, balanced diets,  
inducing normal weights) is essential for stopping the 
progression to diabetes mellitus. Monitoring of meta-
bolic disorders, but especially their favorable evolution 
can be done by measuring lipid parameters (choles-
terol, HDL cholesterol, LDL cholesterol, triglycer-
ides), glycemic (glycaemia, insulinemia), but especially 
liver ones (AST - aspartataminotransferase) and ALT 
–alaninaminotransferase), without the need for more 
laborious procedures such as the glucose tolerance test. 
Thus, it can be said that AST and ALT values can be 
included as a diagnosis parameter of the metabolic 
syndrome in obese children and teenagers.

In recent years, there has been an increase in the 
number of publications addressing the epidemiology 
and diagnostic criteria of MetS in children and ado-
lescents. The definition of MetS in the child and its 
clinical usefulness remains a subject of continuous de-
bate. The possibility of adding new MetS components 
(NAFLD, hyperuricemia, sleep disturbance, subclini-
cal hypothyroidism) to the standard definition is one 
of the "hot subjects" in this field. It also discusses the 
possibility of using new biomarkers able to promptly 

identify the people affected by MetS (20). Modi-
fied levels of adipocytokine have been demonstrated 
as a common feature not only in obesity, but also in 
NAFLD and MetS in children and teenagers (21, 22).
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