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ABSTRACT

Background: To determine the factors associated with an 
increased risk for severe steatosis (SS) and establish the Homeostatic 
Model Assessment-Insulin Resistance (HOMA-IR) as a screening 
tool.

Methods: A cross-sectional study was performed in obese 
children to assess the relationship between the metabolic syndrome 
(MetS) and glucose metabolism alterations (GMA) and the risk for 
severe steatosis. 

Results: A total of 94 children (51 males) aged from six to 
14 years were included. Thirteen children (14.8%) had severe 
steatosis (SS). The anthropometric variables associated with SS 
included body mass index (BMI) (SS 34.1 vs non-SS 29.7, p = 
0.005), waist circumference (cm) (100 vs 92.5, p = 0.015) and hip 
circumference (cm) (108 vs 100, p = 0.018). The blood parameters 
included alanine aminotransferase (ALT) (UI/dl) (27 vs 21, p = 
0.002), gamma-glutamil transpeptidase (GGT) (UI/dl) (16 vs 15, p 
= 0.017), fasting glycemia (mg/dl) (96 vs 88, p = 0.006), fasting 
insulin (UI/dl) (25 vs 15.3, p < 0.001) and HOMA-IR score (7.1 
vs 3.7, p < 0.001). Eighteen children with MetS were found to be 
at an increased risk for severe steatosis (odds ratio [OR] 11.36, p < 
0.001). After receiver operating characteristic (ROC) curve analysis, 
the best area under the curve (AUC) was obtained for HOMA-R 
of 0.862. The HOMA-R 4.9 cut-off value had a 100% sensitivity 
(CI 95%: 96.2-100) and 67.9% specificity (CI 95%: 57.1-78.7) 
for severe steatosis. 

Conclusions: The presence of MetS and glucose metabolism 
alterations are risk factors for severe steatosis. The 4.9 cut-off value 
for HOMA-IR may be a risk factor for severe steatosis in obese 
children.

Key words: Non-alcoholic fatty liver disease. Non-alcoholic 
steatohepatitis. Liver steatosis. Pediatric obesity. Metabolic 
syndrome. Insulin resistance.

INTRODUCTION

Obesity is a major health problem in the pediatric pop-
ulation and is closely related to the metabolic syndrome 
(MetS). MetS is defined as the association of several risk 
factors that are precursors of atherosclerotic cardiovascular 
disease such as diabetes type 2 or any glucose metabo-
lism alteration, atherogenic dyslipidemia and hypertension 
(HTA). Insulin resistance plays a crucial role in the etiolo-
gy of these diseases (1,2). Non-alcoholic fatty liver disease 
(NAFLD) is considered as the hepatic manifestation of 
MetS (3-5). As in adults, NAFLD manifests in children 
as a broad spectrum of lesions ranging from mild steato-
sis to severe decompensated cirrhosis (6). In recent years, 
NAFLD has become the most common liver disease in the 
pediatric population (7,8). Early diagnosis is essential as 
non-alcoholic steatohepatitis (NASH) is associated with 
a poor prognosis (9). Screening for NAFLD in children 
is challenging since the serological parameter generally 
used, elevated serum transaminase levels, is not cost-ef-
fective. Transaminases are usually within normal levels 
in patients with NAFLD and are only elevated in patients 
with the most severe forms of NASH (10,11). Radiological 
imaging is useful for the diagnosis of NAFLD. Steatosis is 
detectable by ultrasonography present in more than 30% 
of hepatocytes (12). Other imaging tests such as computed 
tomography (CT) and especially magnetic resonance imag-
ing (MRI) have a higher sensitivity for NAFLD detection 
than ultrasonography, as they detect milder fatty accumu-
lations (13). However, access to these imaging tests is lim-
ited and entails higher costs. 

Children with obesity are a known risk groups for 
NAFLD. Therefore, the risk factors associated with ste-
atosis in obese children should be identified, especial-
ly for the most severe forms of steatosis. Our research 
group has recently shown that steatosis can be detected by 
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ultrasonography in 34% of children who are overweight 
or obese (14). The study also showed that the group of 
patients without steatosis and the group with mild steato-
sis had similar characteristics. In addition, these groups 
differed from the group of patients with severe steatosis. 
This finding suggests that there are two clearly defined pro-
files of obese children with regard to NAFLD. Although 
transaminases were within normal levels in most patients, 
an ALT cut-off value for discarding severe steatosis was 
identified. This cut-off value could be useful to determine 
the cost-effectiveness of further examinations for severe 
steatosis in obese children. 

In the same study, the prevalence of MetS and the glu-
cose metabolism profile was examined in a subgroup of 
patients. The purpose of the current study was to determine 
the risk factors associated with severe steatosis. 

METHODS

The study was performed in a subgroup of obese children from 
a cohort of a previous study that were referred to a childhood obe-
sity unit (14). Glucose homeostasis and MetS characteristics were 
analyzed to determine the factors associated with severe steatosis 
confirmed by ultrasonography. Study variables included glucose 
metabolism alterations (GMA) (such as impaired fasting glucose 
[IFG] or oral glucose overload [OGO]) and peripheral insulin resis-
tance alterations (IR: fasting insulinemia, blood glucose/insulin 
index, HOMA-R index or quantitative insulin sensitivity check index 
[QUICKI]). MetS was defined as the combination of at least three 
of the following alterations: central obesity (waist circumference > 
90th percentile [P90]), (15) any GMA (GMA, OGO, diabetes mellitus 
[DM]), hypertriglyceridemia > 110 mg/dl, HDL-cholesterol < 40 
mg/dl and arterial hypertension (AHT: diastolic or systolic blood 
pressure > P90) (16).

Obesity was determined using a standard stadiometer (SECA 713, 
SECA Hamburg, Germany). Body mass index (BMI) was calculated 
as weight/height (kg/m2). Results were expressed as absolute values 
after adjustment to the 99th percentile of age and gender (17).

The study was approved by the Ethics Committee of the Hospital 
Costa del Sol. Informed consent was obtained from all parents and 
legal guardians. 

The primary endpoint was the presence of severe steatosis defined 
as grade 2-3 steatosis using sonographic criteria (18). Ultrasonogra-
phy was performed using the General Electric Logiq 400 sonogra-
pher (General Electric, Milwaukee, WI, USA). Ultrasound images 
were reviewed by two independent observers. A diagnosis of steato-
sis was confirmed only when there were no discrepancies. A com-
parative analysis was performed of patients without steatosis (grade 
0-1) and those with severe steatosis (grade 2-3). 

The following independent variables were examined with regard 
to their possible association with the presence of steatosis: age, sex, 
anthropometric measures (weight in kg, height in cm, BMI [weight/
height in m2] in percentiles according to age and sex defined for the 
intervals ≥ P95-P98 and ≥ P99), waist circumference in cm and per-
centiles of age and sex for the intervals < P90 and ≥ P90, hip circum-
ference in cm and percentiles of age and sex for the intervals < P90 
and ≥ P90, blood parameters (triglycerides, total cholesterol, high 

density lipoprotein [HDLc] and low density lipoprotein [LDL] in 
mg/dl), aminotransferases (alanine aminotransferase [ALT], normal 
range < 40 Ul/l, and aspartate transaminase [AST], normal range < 
40 UI/l) and gamma-glutamil transpeptidase (G-GT) (normal range 
< 50 U/l). Insulin-resistance status was determined by the insulin 
resistance score (HOMA-IR) using the following formula: glyce-
mia (mmol/l) x fasting insulin (μUI/ml) / 22.5. The QUICKI was 
calculated as follows: 1 / (log fasting insulin [μUI/ml] + log fasting 
glucose [mg/dl]). 

Glycemic homeostasis was detected by an oral glucose overload 
defined as 1.75 gr of glucose/kg (maximum 75 grs); glycemia was 
measured before and 120 minutes after glucose overload.

Statistical analysis 

A descriptive analysis of measures of central tendency and spread 
(median and interquartile range [IQR]) for quantitative variables 
and frequency distribution for qualitative variables was performed. 
Subgroup comparison for the outcome variable (absence vs presence 
of severe steatosis) was conducted using the Mann-Whitney U test 
for differences in quantitative variables and the Chi-squared test for 
qualitative variables. An OR was calculated for both tests for the 
presence of severe steatosis with 95% confidence levels (CI 95%). 
The AUC with 95% CI was computed for misbalanced quantitative 
variables. The diagnostic performance (sensitivity, specificity and 
positive and negative predictive values) of the variables with the best 
AUC according to the best cut-off value selected was also assessed. 
Finally, inter-observer agreement with regard to the diagnosis of 
steatosis and grade of severity was assessed using the Kappa statistic 
(k). A p < 0.05 was considered as statistically significant.

RESULTS

In total, 94 children (51 males and 43 females) were 
included in the study. All subjects had a BMI > P99, a 
median age of eleven years and an IQR of 2.5. A total of 35 
(37.2%) had some grade of steatosis, which was severe in 
13 cases (grade 2-3). The results of the group comparison 
(severe steatosis [SE] vs no steatosis [NE]) are summa-
rized in table 1. Statistically significant differences were 
observed in BMI (0.005), waist circumference (0.015) and 
hip circumference (0.018), ALT (0.002), GGT (0.017), 
fasting glycemia (0,006), insulinemia (p < 0.001), glu-
cose/insulin ratio (< 0.001), HOMA-IR score (p < 0.001), 
QUICKI index (p < 0.001) and the presence of MetS (< 
0.001). ALT or AST levels were high in five patients, all 
with severe steatosis (p < 0.001).

Considering that insulin resistance (IR) is defined as a 
HOMA-IR score ≥ 3.8, IR was observed in 44 children 
(46.8%). IR was significantly more frequent in the group 
with severe steatosis (OR 18.37, p = 0.006). 

A subgroup of 18 patients (19.1%) met the diagnos-
tic criteria for MetS. Gender-based differences were not 
observed (23.5% males vs 15.4% females, p = 0.24). A 
GMA was detected in 11.7% of cases (fasting glycemia: 
8.5%; OGO: 5.3%; DM: 1.1%). It is noteworthy that 
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GMAs were more frequent in the group without steatosis 
(20% vs 6.8%, OR 3.43; CI 95: 0.927-12.740, p = 0.054). 
Eight of 13 patients with severe steatosis had MetS, where-
as only ten of 81 patients without steatosis had MetS (p 
< 0.001).

AUC was estimated for these variables in order to deter-
mine cut-off values for the prediction of severe steatosis. 
An ALT cut-off value of 23.5 had a better sensitivity and 
specificity, with a negative predictive value of 94% (CI 
95%: 87.6-100). The HOMA-IR cut-off value of 4.9 yield-
ed the best AUC (0.862), with 100% sensitivity (CI 95%: 
96.2-100) and 67.9% specificity (CI 95%: 57.1-78.7), and 
a negative predictive value of 100% (Table 2).

DISCUSSION

In this study, 13.8% of patients within the cohort of 94 
obese children referred to the childhood obesity unit had 
severe steatosis confirmed by ultrasonography (grade 2-3). 
Severe steatosis was associated with alterations in anthro-
pometric parameters, the presence of glucose metabolism 

alterations (GMA: fasting hyperglycemia, abnormal OGO 
curve or diabetes) with an OR 4.70 (CI 95 1.15-19.24), and 
IR parameter alterations (fasting insulin: OR 1.07, glucose/
insulin index: OR 0.53, HOMA-IR: OR 1.31, and QUICKI 
index: OR 0.52). 

The results obtained suggest that severe steatosis is 
closely related to glucose homeostasis alterations, which 
is consistent with the observations from previous studies 
in adults and children. The study by Santoro et al. (20), 
including a multiethnic population of 229 adolescent with 
a mean age of 12.8 years, also found that IR was associ-
ated with the grade of steatosis as determined by MRI. In 
addition, steatosis was also related to elevated plasma cito-
keratin-18 levels, which is a surrogate marker of inflam-
matory activity (NASH). However, this relationship was 
only found in the subgroup of Hispanic and Caucasian 
children and not in African children, where liver disease 
mechanisms seem to be mediated by genetic factors related 
to lipid metabolism (21). 

The influence of IR in the development of NASH has 
also been confirmed in patients with a biopsy-based diag-
nosis. Patton et al. (22) analyzed a cohort of 254 children 

Table 1. Comparative between steatosis degrees 

Variables
Group A Group B

p-value* Odds ratio
CI 95%

n = 81 n = 13 Lower Upper

Age in years (IQR) 11 (3) 12 (2) 0.111 1.28 0.93 1.77

Male/female (n) 41/40 10/3 0.142 3.25 0.83 12.69

BMI (kg/m2) (IQR)
Z-score (IQR)

29.7 (4.8)
3.2 (2.6-4)

34.1 (5.5)
4.19 (3.2-4.5)

0.005
0.056

1.28 1.08 1.53

Waist diameter (cm) IQR 92.5 (12.5) 100 (21) 0.015 1.09 1.02 1.17

Hip diameter (cm) IQR 100 (12.3) 108 (14) 0.018 1.08 1.02 1.16

AST (UI/l) 23 (5.5) 27 (12) 0.008 1.16 1.04 1.30

ALT (UI/l) 21 (7) 27 (30) 0.002 1.16 1.06 1.27

GGT (UI/l) 15 (3.5) 16 (6.5) 0.017 1.07 1.00 1.16

Triglyceride (mg/dl) 80 (60.5-106.5) 87 (64.5-125) 0.5 1.01 0.99 1.02

Total cholesterol (mg/dl) 169 (144.5-182 146 (134-182) 0.2 0.99 0.97 1.01

LDL-cholesterol (mg/dl) 94 (82-109) 89 (56.5-102) 0.2 0.98 0.96 1.01

HDL-cholesterol (mg/dl) 50 (44-61) 49 (38.5-59.5) 0.5 0.98 0.93 1.03

AMG (No/Yes) 7/74 4/9 0.043 4.70 1.15 19.24

Fasting glycemia (mg/dl) 88 (9) 96 (11) 0.006 1.11 1.03 1.20

Fasting insulin (µU/ml) 15.3 (11.3) 25 (20.7) < 0.001 1.07 1.02 1.11

Glycemia/insulin 6.1 (4.3) 3.2 (2.3) < 0.001 0.53 0.35 0.79

QUICKI 0.32 (0.0) 0.29 (0.0) < 0.001 0.52 0.37 0.75

HOMA-R 3.7 (3) 7.1 (9.7) < 0.001 1.31 1.13 1.53

Insulin resistance (IR) 32/81 12/13 0.006 18.37 2.28 148.27

MS (Yes/No) 10/71 8/5 < 0.001 11.36 3.10 41.63

Mann-Whitney U test. *p value is significant if < 0.05; IR: HOMA-R ≥ 3.8. Quantitative variables expressed as median values (P25-P75). IQR: Interquartile range (difference 
between the upper and lower quartiles). IQR = Q3-Q1. QUICKI: Quantitative insulin sensitivity check index.
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who underwent a biopsy for NAFLD, of whom 25.6% had 
MetS. IR severity was significantly related to a confirmed 
diagnosis of NASH. The ORs for IR markers (fasting insu-
linemia: 1.052, p = 0.01; HOMA-IR: 1.283, p = 0.007; and 
QUICKI: 0.786, p < 0.001) were similar to those obtained 
in this study.

As previously mentioned, NAFLD is the most common 
liver alteration in the pediatric population (8,23). Screen-
ing for NAFLD has been recently recommended for obese 
children with a BMI > P95 and overweight children (BMI 
≥ P85 and < P94) with risk factors. ALT is the best screen-
ing tool for NAFLD in children (8) since ALT is associated 
with a higher risk for NASH (24,25). In contrast to other 
studies, plasma ALT levels were not a sensitive parame-
ter for NAFLD in children. The findings in this study are 
consistent with those of previous studies. Therefore, we 
can conclude that any of the surrogate IR markers are a 
cost-effective and easily applicable clinical tool to identify 
obese children at an increased risk of severe steatosis.

This study confirms that NAFLD is the hepatic mani-
festation of MetS as the risk for severe steatosis increased 
significantly in obese children with MetS, with an OR of 
11.36 (CI 95% 3.1-41.6). A strong correlation between 
NASH severity and MetS was demonstrated by Patton et 
al. This study showed that the risk for MetS is higher in 
children with severe steatosis (OR 2.58, p = 0.001) and in 
children with a confirmed diagnosis of NASH (OR 4.07, 
p = 0.002) (22). Similarly, the case-control study of 150 
obese children by Schwimmer et al. (3) showed that the 
presence of MetS increased the risk for NAFLD, with an 
OR of 5 (CI 2.6-9.7). Furthermore, Love-Osborne K et 
al. (27) found that the occurrence of MetS was associat-
ed with a higher risk for AMG, elevated ALT levels and 
greater steatosis severity confirmed by ultrasonography. 
These results are consistent with those obtained in this 
study. However, the inclusion criteria of the former study 
was a fasting insulin level > 25 UI/ml and the population 
studied was older (15.8 years) than the population of this 
study (eleven years).

Other studies have revealed a relationship between 
MetS and an increased risk for fibrosis. Biopsies performed 
in 120 children in the study by Manco et al. (28) showed 

that grade of fibrosis was the only histological feature of 
NASH that was significantly related to MetS. However, 
this study was conducted in a selected population with 
persistently elevated or fluctuating transaminase levels, 
which contrasts with the inclusion criteria in this study, 
where patients were selected according to the presence of 
obesity and normal transaminase levels. 

There is no robust evidence with regard to the progno-
sis of NAFLD during childhood. The association between 
NAFLD and an increased cardiovascular risk is alarming 
given the prevalence of NAFLD in children and adoles-
cents. The population can develop arteriosclerosis during 
adolescence. Indeed, autopsy-based studies have revealed 
early signs of arteriosclerosis during childhood and ado-
lescence, especially when associated risk factors are pres-
ent (29,30). There is evidence of decreased survival in 
adolescents and children with NAFLD, with a 13.8 fold 
lower survival with respect to controls without NAFLD 
(9). Some studies have observed a relationship between 
NAFLD severity confirmed by ultrasonography and 
carotid atherosclerosis in obese children; this increased 
risk is independent of any anthropometric and metabolic 
characteristics (5). In the same way, an increased thick-
ness of the carotid was found to be significantly related 
to IR and NAFLD (31). NAFLD may serve as an inde-
pendent marker of cardiovascular risk in the pediatric 
population (3).

In this study, HOMA-IR scores and ALT levels were 
found to be the most effective predictors of severe steato-
sis. An ALT value of 23.5 was a very effective negative 
predictor factor of severe steatosis. The data obtained are 
consistent with those recently reported by Rehm et al. (32) 
in a study in 82 adolescent girls. A similar ALT cut-off 
value (24 UI/dl) was found to have a negative predictive 
value of 93% and a positive predictive value of 34%. 

Nevertheless, the variable with the highest predictive 
value for severe steatosis was the HOMA-IR score. A cut-
off value of 4.9 yielded an AUC of 0.86, with a 100% 
negative predictive value and a 33% positive predictive 
value. In agreement with our results, Rehm also found that 
a HOMA-IR cut-off value of 6.7 yielded an excellent AUC 
of 0.87 and a negative predictive value of 95%, with a pos-

Table 2. ROC curve analysis of HOMA-R and ALT

 HOMA-R ALT

 Value CI 95% Value CI 95%

Area under the curve (AUC) 0.862 0.779-0.945 0.774 0.617-0.932

Cut-off point 4.9  23.5  

Sensitivity (%) 100.0 96.2-100.0 69.2 40.3-98.2

Specificity (%) 67.9 57.1-78.7 77.8 68.1-87.5

Validity Index (%) 72.3 62.8-81.9 76.6 67.5-85.7

Predictive value + (%) 33.3 17.3-49.4 33.3 13.7-53.0

Predictive value - (%) 100.0 99.1-100.0 94.0 87.6-100.0
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itive predictive value of 53%, a specificity of 87% and a 
sensitivity of 77%. It is noteworthy that the performance of 
HOMA-IR reported in the Rehm study was very similar to 
that found in this study. Differences in the cut-off value for 
HOMA-IR may be explained by the fact that only female 
patients with a broad age range (11-22) were included in 
the study.

A limitation of this study is that the diagnosis of ste-
atosis was based on ultrasound tests. The gold standard 
for the diagnosis and prognosis of NFALD is liver biopsy. 
However, the performance of liver biopsies is limited due 
to the cost and associated risk, and they are only performed 
in selected patients with persistently elevated transaminas-
es. To overcome this limitation, ultrasound images were 
reviewed by two independent observers. Inter-observer 
agreement (19) with regard to the presence of steatosis 
was confirmed by a k value of 0.82 (very good agreement) 
for the diagnosis of steatosis and 0.73 (good agreement) 
for the degree of steatosis (p = 0.0001).

With regard to the study population, another limitation 
is that the results obtained can only be applied to obese 
children with normal transaminase levels. Therefore, the 
results obtained should be validated for non-obese children 
with a broader age range that also includes adolescents. 
Similarly, a prospective long-term follow-up study should 
be conducted in a cohort of obese children at risk of severe 
steatosis in order to assess the impact of severe steatosis 
in the early development of cardiovascular lesions (for 
instance, lesions in the carotid intima).

In conclusion, ALT and HOMA-IR are effective mark-
ers to screen for severe liver steatosis in obese children. 
The identification of obese children at an increased risk of 
severe steatosis would lead to a further examination and 
a closer follow-up. 
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