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Abstract

The aim of the study was to assess transaminases concentrations and to investigate the
relationship between liver enzymes and metabolic syndrome (MS) features in obese
children and adolescents.

A total of 132 children and adolescents (73 males and 59 females) aged 8 — 16,
participated in the study. All were studied at the department of Paediatrics, University
Hospital of Zaragoza (Spain). Inclusion criteria were the existence of obesity as defined
by body mass index (BMI) according to Cole cut-off values (when BMI was higher than
the age and sex specific equivalent to 30 kg/m?). For the definition of metabolic
syndrome the International Diabetes Federation criteria was chosen. Weight (kg), height
(cm), waist circumference (cm), blood pressure and BMI were measured. Laboratory
determinations after overnight fasting included: transaminases (ALT, AST, GGT),
fasting glucose, insulin, triglycerides and HDL-C.

The MS was found in 21.6% of the obese children and adolescents and the prevalence
was higher in males (25.9%) than in females (15.9%). Transaminases (ALT, AST and
GGT) mean serum concentrations were higher in males than in females, and decreased
during pubertal development. The obese children and adolescents with the MS did not
show higher transaminases concentrations when compared with those without the MS.
Some MS manifestations (mainly waist circumference) showed a relationship with
ALT, although all transaminases values were normal according to adult references.
Transaminases, a surrogate marker of NAFLD, didn’t showed an early and consistent
manifestation of its abnormalities in the obese children and adolescents studied. In order
to define the presence of the disease, it would be necessary to obtain aminotransferase

reference standards for children and adolescents, considering pubertal stage and gender.



Las concentraciones séricas de transaminasas en nifios obesos y adolescentes. ;Son

marcadores tempranos de la enfermedad de higado graso no-alcoholico (NAFLD)?

El objetivo del estudio fue valorar las concentraciones de transaminasas en nifios y
adolescentes obesos e investigar la relacion entre enzimas hepdaticas y marcadores de
sindrome metabolico (SM) en un grupo de nifios y adolescentes obesos.

Un total de 132 niflos y adolescentes (73 chicos y 59 chicas), en edades entre 8-16 afios,
participaron en el estudio. Todos fueron valorados en el departamento de Pediatria del
Hospital Universitario de Zaragoza. El criterio de inclusion fue la existencia de
obesidad definida mediante el indice de masa corporal (IMC) de acuerdo con los valores
de Cole et. al (cuando el IMC era mayor que el equivalente a 30 kg/m? para una edad y
sexo especifico). Para definir el sindrome metabdlico, se eligieron los criterios de la
Federacion Internacional de Diabetes. Peso (Kg), altura (cm), perimetro de la cintura y
tension arterial fueron medidos. Las determinaciones de laboratorio tras ayuno fueron:
transaminasas (ALT, AST, GGT), glucosa, insulina, triglicéridos y HDL-C.

Presentaron sindrome metabdlico el 21,6% de los nifios y adolescentes obesos y la
prevalencia fue mayor en chicos (25,9%) que en chicas (15.9%). Los componentes mas
frecuentes del sindrome metabolico fueron: obesidad abdominal (exceso de
circunferencia de cintura, 93%) y la tension arterial elevada (34,3%). Los valores
medios de las concentraciones séricas de transaminasas (ALT, AST, GGT) fueron
mayores en chicos que en chicas, y disminuyeron segun el desarrollo puberal.

Los nifos y adolescentes obesos con sindrome metabolico no presentaron mayores
concentraciones de transaminasas cuando se comparaban con los que no tenian
sindrome metabolico. Algunas manifestaciones de SM (en particular el perimetro de la
cintura) se asociaron con ALT, aunque los valores de transaminasas fueron normales
segun las referencias usadas para adultos. En los nifios estudiados, las transaminasas, un
marcador secundario de higado graso no-alcohdlico (NAFLD), no fueron una
manifestacion temprana y consistente de estas anormalidades. Para definir la presencia
de la enfermedad, seria necesario obtener valores de referencia de transaminasas para

nifios y adolescentes, considerando el estadio puberal y el sexo.



Introduction

The prevalence of overweight and obesity in children and adolescents is increasing
worldwide (12). In Europe, on the year 2003, the combined prevalence of paediatric
overweight and obesity was around 20% in some countries and around 30% in countries
such Spain or Italy (19). Southern European countries reported the highest levels of
childhood overweight. In Spain, currently, there is a continuously rising trend (23).

The epidemic of obesity has been accompanied by the appearance of many health-
related complications. Co morbidities of obesity are rising and this is because of earlier
onset and longer obesity duration (26). Non-alcoholic fatty liver disease (NAFLD) is the
most common cause of unexplained abnormal liver function tests in the paediatric
population and it is mainly associated with obesity (17). According to the American
Association for the Study of Liver Diseases, NAFLD is defined as fat accumulation in
the liver exceeding 5 % to 10% as determined from the percentage of fat-laden
hepatocytes by light microscopy (25). In addition, findings from Fishbein et al. suggest
that visceral adiposity has a role in the pathogenesis of fatty liver in children (9).
Cardiovascular disease risk factors tend to cluster in obese children (1) and this
association is often recognized as the metabolic syndrome. Currently, the most widely
accepted definition of the metabolic syndrome (MS) is the International Diabetes
Federation (IDF) one. It includes increased waist circumference and at least 2 of the
following: Increased fasting serum glucose, triglycerides, high blood pressure or
increased HDL-C (37). It was observed that obese adolescents with NAFLD had a
higher prevalence of the metabolic syndrome (4) and liver fat was linked with all the
components of the MS independent of obesity. The increased fat accumulation in the
liver was considered a marker of hepatic insulin resistance which is related with the MS.
However, the mechanisms that support the excess fat deposition in the liver are still
poorly understood (14).

The aim of this study was to investigate the links between liver enzymes (ALT, AGT,
GGT) and the metabolic syndrome features, considering also the effect of gender and
pubertal stage. In addition, the prevalence of the metabolic syndrome and the frequency
of individual components of the MS among obese paediatric patients were also

assessed.



Patients and methods

Subjects

The study included a total of 132 children and adolescents (73 males and 59 females)
aged 8 — 16 y. Inclusion criteria were the existence of obesity according to Cole et al.
cut off values (7). Pubertal stage was determined in each patient using Tanner’s criteria.
(20) With the exception of obesity, the children had no hepatic disease or any other

apparent disease.

Anthropometric measurements

Height and weight were obtained for all individuals. Anthropometric measurements
were taken by the same person. In order to define abdominal obesity, waist
circumference’s over percentile 90 was chosen according to Moreno et al. (22) Waist
circumference was measured with an inelastic tape, the subject being in a standing
position; the tape was applied horizontally midway between the lowest rib margin and
the iliac crest (22). BMI was calculated as weight in kilograms by the height in square
meters. Obesity was defined by body mass index (BMI) according to Cole et al. cut-off
values when BMI was higher than the age and sex specific equivalent to 30 kg/m? (6).

Laboratory determinations

After overnight fasting, blood was obtained by vein puncture between 08.00 and 09.30.
All the assays were performed at the Department of Biochemistry, University Hospital
of Zaragoza. Lipid profile [(triglycerides (TG), total cholesterol (C), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glucose,
and transaminases (ALT, AST, GGT) were determined in the fasting blood samples.
Insulin was determined by inmunometric assay with an Immulite analyser. The HOMA
(Homeostatic Model Assessment) index was calculated as the product of the fasting
plasma insulin level (mU/mL) and the fasting plasma glucose level (mmol/L), divided

by 22.5 (21).



Blood pressure

Blood pressure was measured three times by the same examiner, using a mercury
sphygmomanometer and we considered the mean of the three measurements. The first,

fourth and fifth Korotkoff phases were recorded each time.

Metabolic syndrome criteria

There are a lot of criteria for defying the metabolic syndrome. Recently the IDF
published a worldwide definition of the condition in children and adolescents. The new
IDF definition considers the following age groups: 6 to <10, 10 to <16 and 16 yr. In
children 10 tol6 IDF defines paediatric MS when waist circumference is >90%
percentile plus any two of the following abnormalities: Hypertriglyceridemia >
1.7mmol/L (150 mg/dL), HDL-C <1,03 mmol/L, blood pressure > 130/85 mm/Hg and
fasting glucose > 5.6 mmol/L (100mg/dL) (37).

Statistical analysis

All statistical analyses were performed with the SPSS for Windows (Language System
Corp, Chicago). Descriptive values are given as means, standard deviations and
percentages. Comparison between means in both sexes were carried out by using
Student t tests and Mann — Whitney U tests, depending on whether the variables were
normally distributed or not, respectively. Also we used the correlation coefficients of

Spearman and Pearson, depending on the distribution of every variable.



Results

115 out of 132 obese children were aged 10 to 16 years. The prevalence of the MS in
this obese population was 21.6 %, (Figure 1). There were differences in prevalence by
gender (males 25.9 %, females 15.9%). In both sexes the most frequent features of the
MS were abdominal obesity (excess waist circumference, 93%), and blood pressure
(34.3%); and the conditions with the lowest frequency in our patients were dyslipidemia
(9.9%) and fasting hyperglicemia (17.5%). (Figure 2).

In relation with the serum concentrations of liver enzymes, they were within normal
ranges in these patients, according to the current adult reference standards. Mean values
of transaminases serum concentrations were higher in males than in females and ALT
and AST were related with gender (p<0.05) (Figure 3). Furthermore, they decreased
according to pubertal development (p<0.05); specially, AST was strongly related with
pubertal development (p<0.01)(Figure 4). There were not association between
transaminases serum concentrations and BMI.

According with the presence of different components of the MS and transaminases only
ALT was related with MS (p=0.031). The obese children and adolescents with MS did
not show higher transaminases concentrations when compared with those without the
MS.

Correlations of MS components with transaminases serum concentrations are shown in
table I. In males (Table I) there was only a positive significant correlation between
ALT and waist circumference and a negative correlation with glucose, insulin and
HOMA. In females (Table I), all the three transaminases were significantly correlated
with total and LDL-cholesterol. ALT also correlated with systolic and diastolic blood

pressure, and GGT correlated with fasting insulin and the HOMA index.



Discussion

In order to asses transaminases concentrations and to investigate the relationship
between liver enzymes and MS, a clinical sample of obese children and adolescents was
studied. Many of the metabolic and cardiovascular complications of obesity are already
present during childhood and are closely related to the presence of insulin resistance/
hyperinsulinemia, the most common abnormality seen in obesity (3).

Childhood obesity is the most powerful predictor for developing the metabolic
syndrome. Furthermore, many studies have shown that the metabolic syndrome
prevalence in children and adolescents has increased and the prevalence was higher
when the subjects were obese (3,10). There is no consensus on the diagnostic criteria;
therefore, the results are very different. The prevalence of MS is reported to be 30 — 50
% among obese children and adolescents (7,35). The prevalence seems to be linked with
the severity of obesity and reached 50 per cent on severely obese youngsters (35). The
different MS prevalence observed in the paediatric literature depends on the criteria for
the definition. The most recently recommended criteria of MS for children was
proposed by the International Diabetes Federation (IDF) Task force on Epidemiology
and Prevention on Diabetes (37).

There are only a few studies using the IDF criteria, and those diagnosed by using its
definition have lower rates of MS than when using the NCEP (National Cholesterol
Education Program) one. The most frequently mentioned components of childhood
metabolic syndrome are: visceral obesity, hypertension, hyperinsulinemia / insulin
resistance / type 2 diabetes mellitus and dyslipemia (hypertrigliceridemia, low HDL
cholesterol). The most frequent component of MS in our paediatric patients was waist
circumference (93 %) and the second blood pressure (34.3%); the less frequent were
triglycerides (9,9 %) and glucose (17.5 %). Waist circumference is one of the most
frequent clinical features (2) and that’s why seems to be the best predictor of children
with the metabolic syndrome in the paediatric population (24). Fatty liver is the most
common liver abnormality in children age 2 to 19 (30). In addition, obesity is by far the
strongest risk factor for developing Non — alcoholic fatty liver disease (NAFLD) (11).
Liver fat content is increased in subjects with MS (16). Therefore we can consider
visceral adiposity as a risk factor for paediatric NAFLD (9).

In our study, like in others, it has been observed that the best correlate of MS

components with fatty liver was waist circumference (14). Risk factors, like waist



circumference, should be taken into consideration for the screening of NAFLD in
paediatric population (31). Increased lipid content in the liver may also independently
be linked with hipoadiponectemia, and increased visceral adiposity with peripheral and
hepatic insulin resistance (16).

The best way to diagnose NAFLD is liver biopsy but is invasive and expensive and not
feasible in our population for ethic reasons (36). The development of non invasive
surrogate markers for the screening of NAFLD are needed on large populations at risk,
and specially in obese children and adolescents (26).

In the studied population, there were different transaminases concentrations (ALT and
AST) according to gender. As in previous studies, transaminases serum concentrations
were higher in males than in females. (4, 33). Furthermore, transaminases were linked
to pubertal stage, specially AST.

Although there is a strong correlation between the degree of liver fatty infiltration and
the liver enzymes increase, the exact pathogenesis of raised ALT in NAFLD remains
unclear (28). ALT increases are more correlated with the metabolic syndrome than the
other liver enzymes (29, 13). In males, we observed correlation between ALT and waist
circumference and a negative correlation with glucose, insulin and HOMA and in
female sample all the three transaminases were significantly correlated with total and
LDL-cholesterol. ALT also correlated with systolic and diastolic blood pressure, and
GGT correlated with fasting insulin and the HOMA index. Deterioration in glucose and
lipid metabolism seems to be associated with modest ALT elevations (4). Furthermore,
in some studies aminotransferase elevations are strongly associated with features of the
metabolic syndrome (5). In our study we observed some relations between MS
manifestations and ALT but no differences between those with and without MS.
Intervention studies have shown that liver fat can be decreased by weight loss, and
insulin therapy (15). In general, modifications through diet and exercise should be
performed (26).

We studied the serum concentrations of the liver enzymes in our patients and all the
results were within normal ranges, using reference standards for adults. It would be
necessary to obtain aminotransferase reference standards for children and adolescents
because there are reports of obese children with radiographic evidence of fatty liver who
have normal aminotransferase serum concentrations (8, 32). Reference ranges of serum
aminotransferase levels has been called into question because reference ranges were

determined by population samples perhaps including undiagnosed liver diseases like



NAFLD (27). These findings suggest that a critical revision of transaminases limits
would require the definition of “healthy ranges” rather than a generic update of “normal
ranges”, specially in the paediatric population.

Transaminases are surrogate markers of NAFLD instead of invasive techniches, but
they should always be complemented with another diagnostic techniques. It would be
necessary to obtain aminotransferase reference standards for children and adolescents,
and for assessing their values we should take into account pubertal stage and gender.
According with our results it seems transaminases serum concentrations do not show
strong association with the MS and its individual manifestations in obese children and
adolescents. If we identify an obese children or adolescent with abnormal transaminases
concentratrions, he/she could have already an advanced liver disease. Studies with
bigger population samples and combining biochemical results with other diagnostic

techniques are needed to corroborate these results.
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Table 1.

Correlations between Metabolic Syndrome components and transaminases in males and
females.

HDL-Cholesterol: High-density lipoprotein cholesterol.
LDL-Cholesterol: Low-density lipoprotein cholesterol.
HOMA: Homeostatic Model Assessment

SBP: Systolic blood pressure.

DBP: Diastolic blood pressure.

(**) p < 0,001 (¥)p <0,05
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Males Females

AST ALT GGT AST ALT GGT

WaistC.(em) 0047 0295 0013 _ Lo oo Tl
Triglyc.(mg/dL) -0,154 0,079 0,114 0,122 0,247  0,299*
Chol. (mg/dL) 0,057 0,023 0,162 0,390* 0,390* 0,447**
HDL-Chol.(mg/dL) 0,107 -0,117 -0,039 0,087 -0,046 -0,023
LDL-Chol.(mg/dL) 0,067 0,036 0,154 0,305* 0,429* 0,526**
Glycemia(mg/dL) 0,259* -0,054 -0,099 -0,169 0,196 0,104
Insulinemia(mg/dL) 0,246* 0,095 0,011 -0,248 0,173 0.275*
HOMA -0,285* 0,069 -0,047 -0,232 0,187 0,269*

SBP (mmHg) -0,148 -0,031 -0,062 0,137 0,349* -0,020
DBP(mmHg) -0,270* -0,205 -0,135 0,080 0,348* 0.102
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Figure 1. Prevalence of metabolic syndrome (MS) according to the number of
components. International Diabetes Federation (IDF) criteria.

Figure 2. Prevalence of each component of metabolic syndrome.
W.C.: Waist circumference.

T.G.: Triglycerides.

B.P.: Blood pressure.

Figure 3. Serum concentration of transaminases according to gender (mean+SD).
Point lines are the upper limit concentration levels of transaminases.
*p<0.05

Figure 4. Serum concentration level of transaminases according to pubertal stages.
*0<0.05
**p<0.01
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