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Abstract

Background/Aims: Metabolic syndrome (MS) and fatty liver
disease (FLD) are on the rise. The association between these
conditions in Brazilian youth is analyzed. Methods: 354 sub-
jects (11.2 £ 3.1 years) were evaluated. FLD was suspected
by ultrasound and computed tomography; weight and MS
by BMI z-score and NCEP-ATPIII respectively. Results: Sub-
jects were classified as: group 1 with suspected FLD and
group 2 without and group 2 as ‘a’ (overweight/obese) and
‘b’ (normal weight). Comparing group 1 with 2a and 2b, dif-
ferences in age (p = 0.016; p = 0.075), triglycerides (TG) (p =
0.021; p=0.002), insulin (p = 0.652; p = 0.015) and homeosta-
sis model assessment method of IR (HOMA-IR) (p = 0.737;
p = 0.003) were found. Group 2a was divided into low/high
alanine aminotransferase (ALT). A decrease in waist circum-
ference and TG was found going from those with suspicion
of FLD to obese with high and low ALT. Insulin and HOMA-IR
in group 1 and high ALT were similar. Gender (OR 6.6; Cl 1.9-
22.5;p=0.025),age (OR 1.3; Cl 1.1-1.6; p = 0.006), TG (OR 10.4;
Cl 3.1-34.4; p = 0.005) were associated with suspected FLD.

For every 10 U/l increase in ALT, there was a 4-fold greater
chance of probable FLD (OR 4.01; Cl 2.06-9.40; p < 0.001).
Conclusion: Measurements of ALT and TG should be consid-
ered as screening for suspected FLD in overweight/obese
yOUth. Copyright © 2009 S. Karger AG, Basel

Introduction

Over the last two decades the prevalence of obesity has
increased and has become epidemic also in developing
countries [1, 2]. A previous study of our group reported a
prevalence of 13.7% of excessive weight in Brazilian chil-
dren [3].

Related to obesity, fatty liver disease (FLD) is on the rise
and has been reported worldwide (10-51%) and recent data
based upon histological findings showed a prevalence of
9.6% for subjects aged 2-9 years, increasing with age and
weight [4, 5]. In this way, FLD has become the most com-
mon chronic liver condition and an important cause of
unexplained abnormal liver function tests, particularly al-
anine aminotransferase (ALT) among youth [4, 6, 7].

FLD comprises a broad spectrum of liver damage and
probably this fat accumulation in the liver per se is not a
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benign condition [8]; studies have confirmed the associa-
tion of FLD with a pronounced dyslipidemic profile [9]
and suggested that high ALT may serve as a surrogate
marker for metabolic syndrome (MS) [10].

The histological confirmation of FLD is still the gold
standard for diagnosis but noninvasive diagnostic tests,
such as measurement of hepatic enzymes and radiologi-
cal imaging, are commonly used in children [11] with
suspected FLD. Its pathogenesis is poorly understood and
as yet, limited information is available on its natural his-
tory in the pediatric population [12]. Hyperinsulinemia,
associated with insulin resistance (IR) appears to be an
important component of its pathogenetic mechanism.
FLD has been found to be associated with the MS, even
in children [13].

The aim of this study was to analyze metabolic and
hepatic parameters in a sample of overweight and obese
Brazilian school-aged youngsters. We further evaluated
the association of probable FLD with IR, and the compo-
nents of the MS in this relatively large sample of Brazilian
children and adolescents from northeastern Brazil.

Methods

The study was conducted in state and private schools in Feira
de Santana, Bahia, Brazil, and 354 students (202 girls; 200 with
excessive weight; 11.2 & 3.1 years) were included in the protocol.
Data on duration of obesity were self-reported. To be eligible the
subjects were required to fulfill the following criteria: no history
of current or past excessive alcohol drinking as defined by an av-
erage daily consumption of >20 g of alcohol and absence of his-
tory and clinical, biochemical or ultrasound (US) findings con-
sistent with cirrhosis and other chronic liver diseases. None of
them were taking drugs known to affect liver function.

The local Human Research Ethics Committee reviewed and
approved the study and written informed consent/assent was ob-
tained from guardians and children/adolescents.

Protocol

The students attended the clinic initially to undergo a clinical
and anthropometric examination, followed by US and computed
tomography (CT) liver evaluation. A standard 2-hour oral glucose
tolerance test was performed, in accordance with the American
Diabetes Association guidelines [14]. Blood samples were with-
drawn for the fasting measurement of glucose, insulin, aspartate
aminotransferase (AST), ALT, y-glutamyltranspeptidase (y-GT),
high-density lipoprotein cholesterol (HDL-C), triglycerides (TG)
and at 120 min, to measure glucose. In addition, individuals with
suspected FLD had a complete evaluation of iron status (serum
iron, transferrin and ferritin concentrations) and serology to ex-
clude hemochromatosis and viral hepatitis (hepatitis B surface an-
tigen [HBsAg], hepatitis B-C total [HBC-t], antibody against hepa-
titis A virus; immunoglobulin G [HAVC-IgG] and hepatitis C virus
immunoglobulin G [HCV-IgG]).
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FLD was suspected by the appearance of the liver on US, and
by CT in those in whom the US suggested FLD [11]. ALT was cho-
sen as the principal marker of liver injury even though AST and
v-GT were also measured. The cut-off point for abnormal serum
enzymes was defined as: AST >35 and >41 U/l; ALT >35 and >40
U/l; y-GT >40 and >60 U/l for girls and boys, respectively [15].

Ultrasonographic Evaluation

A real-time US examination of the liver was performed in all
subjects using a 5-MHz curvilinear transducer in younger chil-
dren and a 3.75-MHz transducer in older or markedly obese chil-
dren. All US procedures were performed with an Aloka SSD 5500
US machine, used by the same, experienced sonographer, who
was unaware of the aims of the study and blind to clinical and
laboratory analyses.

The suspicion of FLD was assessed qualitatively as being pres-
ent or absent. Steatosis was suspected on the basis of liver echotex-
ture, liver-diaphragm differentiation in echo amplitude, hepatic
echo penetration and clarity of hepatic blood vessels [16].

Computed Tomography Imaging

Allindividuals suspected of FLD by US underwent a CT eval-
uation, performed with a single-detector row helical scanner (Sie-
mens; Model Somatom Sprit). Contiguous transverse images were
acquired through the liver with 5 mm collimation, during a single
breath-hold, without intravenous administration of a contrast
agent, using these parameters: Pitch = 2; Kv = 130; Mas = 105, and
rotation time 1.5 s.

The unenhanced CT images were retrospectively reviewed by
only one radiologist, blind to clinical, biochemical and US find-
ings. For each case, the hepatic attenuation was measured by
means of a random selection of circular regions of interest that
ranged between 8.72 and 19.05 cm?, selecting areas of most inter-
est and avoiding areas of visible hepatic vascular and biliary
structures. The liver attenuation index (difference between mean
hepatic attenuation and mean splenic attenuation) was used to
predict the degree of steatosis [17]. Suspicion of FLD was assessed
qualitatively as being present or absent.

Definitions

In accordance with the criteria of the National Cholesterol Ed-
ucation Program - Adult Treatment Panel III [18] modified for
age, the MS was diagnosed by the concomitant presence of at least
three of the following five clinical features: waist circumference
(WC) >75th percentile [19]; fasting plasma glucose =100 mg/dl,
or 2 h glucose post-challenger between 140 and 199 and =200
mg/dl [14]; TG >100 and >130 mg/dl for younger than 10 years
and between 10 and 19 years, respectively [20]; high-density lipo-
protein cholesterol (HDL-C) <40 and <35 mg/dl for younger than
10 years and between 10 and 19 years, respectively [20], and arte-
rial systolic/diastolic blood pressure (BP) =95th percentile by
height percentile for age and gender [21].

To compare body mass index (BMI) across different ages and
inboth boys and girls, BMI z-score was calculated and a threshold
0f 1.5 SD or more defined excessive weight. The subjects were then
classified as overweight (z-score of 1.5-2.0 SD) or obese (z-score
>2.0 SD).

The WC was measured using the methodology described by
the National Center of Health Statistics [22] and the blood pres-
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Table 1. Baseline anthropometric, clinical and metabolic characteristics of the study

Variables Group 1 (n = 10) Group 2a (n=190) p! Group 2b (n=154) p?

Age, years 13.4%25 10.7£3.2 0.016 11.7%£28 0.075
Boys/girls 8/2 98/92 0.015 46/108 0.003
Ethnic group (White/Mulatto/Black) 9/1/0 85/62/43 0.022 47/68/39 <0.001
BMI (z-score) 2.0x+0.3 2.1+0.3 0.646 0.1+x1.2 <0.001
WC, cm 100.3£12.1 90.2%13.3 0.004 723%11.6 <0.001
Triglycerides, mg/dl 159.5%£54.8 126.0 £ 66.6 0.021 93.8£58.1 <0.001
HDL-C 37.0£9.2 38.8%£79 0.557 41.5%*8.6 0.164
HOMA-IR, log 4636 43+33 0.737 22*+18 0.030
Insulin, pU/ml 27.6%+23.1 23.0%x16.5 0.652 12.1£10.1 0.015
AST, U/l 49.5%+239 28.6 8.1 0.001 259*6.4 0.006
v-GT, U/l 22.0+8.6 16.6 6.8 0.004 13.4+46 0.006
ALT means, U/l 52.0%£28.8 26.1%£9.0 <0.001 233%6.8 0.006
ALT median, U/l 42.0 28.0 <0.001 22.5 <0.001

Data are expressed as mean * SD (range) and frequencies (%). Frequencies for ‘yes’ group. Groups: 1 = with suspected FLD; 2a =
with excessive weight and without FLD; 2b = normal weight and without FLD.
! Comparison of group 1 with group 2a. 2 Comparison of group 1 with group 2b.

sure according to the Task Force on Blood Pressure Control in
Children [21]. The anthropometric measurements were taken in
triplicate and the mean value was used.

The homeostasis model assessment method of IR (HOMA-IR)
based on serum fasting glucose and insulin levels (product of glu-
cose concentrations [expressed as milligrams per deciliter] and
insulin [expressed as milliunits per milliliter] divided by a con-
stant [405]) was used as a measure of IR. The cut-off used was 3.16,
as described by Keskin et al. [23].

Laboratory Analyses

Sera were stored at -70°C until they were analyzed. AST, ALT
and y-GT concentrations were measured using a standard auto-
mated kinetic enzymatic assay. Plasma glucose, HDL-C and TG
concentrations were measured by automated enzymatic photome-
try; serum insulin levels with a solid phase radioimmunoassay unit
(Linco Laboratories); iron, ferritin and transferrin, respectively by
the ferrozine, immunoluminometry and nephelometry methods,
and markers, such as HBsAg, by automatic immunoluminometry,
HBC-t by microparticle enzymometric assay, HAVG-IgG and
HCV-IgG by immunoenzymometric assay.

Statistical Analysis

A descriptive analysis was performed, continuous variables
being expressed as mean values £ SD and categorical variables
as frequencies and proportions. x? test or Fisher’s exact test were
used whenever appropriate. Multivariate analysis was done using
logistic regression. In the model, variables that attained 20% of
significance in the univariate analysis were included plus the five
individual components of MS and IR. In the final model only the
statistically significant covariables were maintained. SPSS (Statis-
tical Packard for Social Sciences) for Windows statistical software
version 10.0 was used for all calculations. A p value <0.05 defined
statistical significance.

Screening for Fatty Liver Disease

Results

Twelve subjects (3.4%) with probable FLD (by US) un-
derwent the CT evaluation; 10 of them (2.8%, group 1)
tulfilled the criteria for this suspicion. The remaining 344
subjects were included in two comparison groups: 2a
(n = 190), with excessive weight, and 2b (n = 154), with
normal weight.

There were significant differences in clinical, labora-
tory, and anthropometric data among the groups (ta-
ble 1). Of note: those with suspected FLD (group 1) were
older (p = 0.016) and had higher WC (p = 0.004) than the
obese (group 2a). The preponderance of boys (n = 8) and
Whites (n = 9) was significantly different from the com-
parison groups (table 1).

Subjects with suspected FLD had higher levels of TG
(p = 0.021), ALT (p < 0.001), AST (p = 0.001) and y-GT
(p = 0.004), when compared with the excessive weight
subjects (group 2a), and the normal weight subjects in
group 2b (except for age). The mean fasting insulin levels
and HOMA-IR values (27.6 = 23.1 pU/ml; 4.6 * 3.6) in
the suspected FLD group were higher than those in group
2a (23.0 £ 16.5 pU/ml; 4.3 * 3.3) and 2b (12.1 * 10.1
pU/ml; 2.2 £ 1.8), but statistical significance was reached
only between groups 1 and 2b.

The prevalence of MS in groups 1, 2a and 2b was 40.0,
27.4 and 0% respectively. No case of diabetes melllitus,
impaired glucose tolerance or impaired fasting glucose
was diagnosed. The other variables related to the MS
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Table 2. Baseline anthropometric, clinic and metabolic characteristics of subjects with suspected FLD compared with two subgroups

(high or low ALT) of non-FLD obese subjects

Variables Group 1 Group 2a p! Group 2a p? p’
(n=10) high ALT (n = 94) low ALT (n = 96)

Age, years 13.4%25 109%3.4 0.024 10.6%3.1 0.015 0.834
Boys/girls 2/8 55/39 0.105 43/53 0.011 0.289
Ethnic group (White/Mulatto/Black) 9/1/0 44/35/15 0.044 41/36/19 0.015 0.243
Duration of obesity, years 8.5%4.0 6.41+45 0.090 6.41+4.2 0.075 0.747
BMI (z-score) 3.6%0.8 2.1%04 0.878 20%0.3 0.333 0.014
WC, cm 100.3x12.1 91.6%x13.2 0.016 88.9*13.4 0.002 0.018
SBP, mm Hg 117.3%£11.0 112.6 £ 15.1 0.144 110.0x16.9 0.033 0.104
DBP, mm Hg 743%13.4 70.5*11.7 0.278 69.8%13.6 0.119 0.118
Glucose, mg/dl 71.0%£9.7 75.2%9.8 0.282 76.2+9.8 0.159 0.274
Triglycerides, mg/dl 159.5+54.8 131.3£68.0 0.049 120.7 £65.2 0.012 0.133
HDL-C, mg/dl 37.0%£9.2 37.9%8.5 0.452 39.6%£7.2 0.303 0.199
HOMA-IR 46%3.6 48%3.5 0.935 3.9%3.0 0.495 0.030
MS components, n 23%0.6 2.1£09 0.257 1.9%£0.9 0.073 0.215
Insulin, pwU/ml 27.6%23.1 255%17.8 0.928 20.5*14.8 0.457 0.014
ALT, U/l 52.0%£28.8 33.0%7.6 0.002 19.5%+3.9 <0.001 <0.001
AST, U/l 49.5+239 31.8%£8.5 0.007 254*64 <0.001 <0.001
v-GT, U/l 22.0x8.6 179%72 0.025 153%6.3 0.001 0.003

Data are expressed as mean * SD (range).

Groups: 1 = with suspected FLD; 2a = with excessive weight and without FLD; 2b = normal weight and without FLD; high and low

ALT were based on ALT median from group 2a.

! Comparison of group 1 with group 2a high ALT. 2 Comparison of group 1 with group 2a low ALT. * Comparison of group 2a low

ALT and group 2a high ALT.

were compared between subjects in groups 1 and 2a, both
with excessive weight; hypertriglyceridemia was the only
one significantly higher in patients with suspected FLD
(159.5 * 54.8 vs. 126.0 * 66.6; p = 0.021). As expected,
the comparison with normal weight controls (2b) showed
significant differences for all the variables evaluated, ex-
cept for the HDL-C levels (37.0 = 9.2vs.38.8 = 7.9,p =
0.557).

Hypertriglyceridemia was positively correlated with
AST (r = 0.20, p < 0.001), ALT (r = 0.16, p = 0.002), y-GT
(r=0.20, p = 0.002) and BMI z-score (r = 0.31, p <0.001),
and negatively with HDL-C levels (r = -0.20, p < 0.001)
in the whole population.

In view of the wide variation in ALT in group 2a (with-
out a positive CT examination suggestive of FLD) the au-
thors elected to further classify it as high or low ALT
based on the median of ALT (25 U/l). When differences
in demographic, anthropometric and metabolic variables
(table 2) were assessed between these two subgroups and
group 1, significant differences were found for age (p =
0.024; p = 0.015), ethnic group (p = 0.044; p = 0.015), WC
(p = 0.016; p = 0.002), TG (p = 0.049; p = 0.012), AST (p =
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0.007; p<0.001) and y-GT (p = 0.025; p = 0.001) (table 2).
The highest level of fasting insulin and HOMA-IR were
found in group 1, followed by group 2a high ALT and
group 2alow ALT (with no statistical significance). There
was a positive correlation between TG and ALT in group
2a high ALT (r = 0.224, p = 0.015).

The comparisons between the two subgroups showed
that the 2a high ALT had higher levels of BMI (p = 0.014),
WC (p = 0.018), fasting insulin (p = 0.014), HOMA-IR
(p = 0.030), AST (p < 0.001) and vy-GT (p = 0.003) than
group 2a low ALT (table 2).

In a multiple logistic regression analysis, including the
covariates with statistical significance in the bivariate
analysis (see table 1), gender (OR 6.6; CI 1.9-22.5; p =
0.025), age (OR 1.3; CI 1.1-1.6; p = 0.006), and TG (OR
10.4; CI 3.1-34.4; p = 0.005) were the covariates indepen-
dently associated with the presence of suspected FLD.
Furthermore, using the same analysis, adjusted for age,
gender and ethnic group, an increase of 10 U/lin ALT was
significantly associated with the presence of suspected FL
(OR 4.01; CI 2.06-9.40, p < 0.001).
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Discussion

The escalating rise in the prevalence of obesity in chil-
dren and adolescents in developing countries is of great
concern [1-3]. The myth that chronic disease, such as
obesity, and its consequences affect only developed coun-
tries and only the elderly is no longer true [24].

According to the International Diabetes Federation
[25], to be defined as having MS, a person must have cen-
tral obesity as measured by WC. In addition, biochemi-
cal measurements of fasting hyperglycemia and dyslip-
idemia ought to be present. Although not an essential
part of the definition of MS, the presence of elevated
ALT, as a surrogate marker of liver injury or FLD, has
often also been considered. In the present study, the
prevalence rate of suspected FLD was 2.8% and all of the
subjects were obese. In addition, the abdominal obesity
and the duration of excessive weight were significantly
associated with fatty liver accumulation. This prevalence
of suspected FLD is lower than that described in other
studies. Whether ethnicity, the short duration of obesity
in the sample and the apparent low sensitivity of US have
influenced or not this finding deserves further investiga-
tion.

Data from pediatric clinical series support the conten-
tion that nonalcoholic fatty liver disease (NAFLD) is
more common in boys than in girls [26], which has been
confirmed in the present study (4:1 ratio). One possible
explanation for this finding is that men are more likely to
distribute excess body fat in the intra-abdominal com-
partment. This hypothesis has, however, not yet been
tested in the pediatric age range. The high prevalence of
White subjects in the group with suspected FLD and the
absence of Afro descendents, in spite of a total of 18.6%
in the sample, is consistent with a clinical series conduct-
ed with NAFLD in which a lower rate of FLD in obese
Black children and adolescents was demonstrated [26].

Recent studies have shown that obesity, IR and MS and
its components (hypertriglyceridemia, low HDL-C, high
blood pressure, hyperglycemia) are associated with an in-
creased prevalence of NAFLD, although it is not clear
why simple hepatic steatosis develops in some subjects,
whereas NAFLD and progressive disease develop in oth-
ers, nor how the precise sequence of events leading to the
development of FLD occurs [27]. The prevalence of MS
was higher in patients with suspicion of FLD (40%) than
in obese ones without this condition (27.4%). In spite of
the similarities (insulin and HOMA-IR values) between
the two groups, patients with probable FLD were older
and had higher values of WC, indicating that the hepatic

Screening for Fatty Liver Disease

lesion could be an additional criterion for MS, clearly re-
lated with abdominal obesity and its duration. Also, it
must be emphasized that no dysfunction on glucose me-
tabolism was found in the present study, suggesting that
this alteration appears later in life.

The lack of association between suspicion of FLD and
MS in this sample is probably due to the subjects’ low
mean age and the short duration of excessive weight,
which may indicate that more time is required for the
metabolic disturbances to develop.

The authors reported here that the group with proba-
ble FLD had higher ALT levels in agreement with studies
from other developed countries [28, 29]. It is worth not-
ing that when the group without suspicion of FLD, but
with excessive weight, was classified into two subgroups
based on median ALT levels, those above median were
more obese, had more abdominal obesity and had more
IR, moreover a positive correlation between ALT and TG
was found. Hence, the measurement of ALT in over-
weight and obese youngsters may represent not only pos-
sible liver injury but also a state of IR, with all of its known
consequences. After adjustment for age, gender and eth-
nic group, this study showed that for an increase of 10
U/l in the level of ALT, there is a 4 times greater risk in
children and adolescents with excessive weight for the de-
velopment of probable FLD, and that high TG levels are
strongly associated with its development (OR 10.4).

In conclusion, the present study shows that excessive
weight in children and adolescents is related to hypertri-
glyceridemia, high ALT levels, IR state, and probable
FLD. For an indisputable diagnosis, liver biopsy - not
easily performed - would be necessary. However, our
consistent results suggest that simultaneous measure-
ments of ALT and TG are very valid screening tools for
identifying states of IR and suspected FLD, especially in
developing countries. Thus, low-cost and cost-effective
programs should be implemented in order to improve
outcomes.
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