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ABSTRACT

Background: Metabolic syndrome (MS) encompasses a set of factors that lead to
the development of cardiovascular disease (CVD) and diabetes mellitus (DM),
represented by central obesity, dyslipidemia, glucose metabolism abnormalities,
and high blood pressure (HBP), which is closely associated with insulin resistance
Objective: to analyze the association between serum uric acid concentrations with
indicators of general obesity, of visceral adiposity, and with other biochemical
measurements related to the metabolic syndrome in obese schoolchildren and
adolescents.

Method: A cross-sectional, prospective study in which 823 students were
evaluated within the age of 6-15 years (range in which the prognostic value of the
components has been studied of the metabolic syndrome), attending a school that
serves children from low socioeconomic strata (selected due to geographical
proximity). We exclude Those presenting with: Diabetes mellitus, neurological
diseases under treatment with anticonvulsants, depression, that they would
receive medication lipid-lowering or anti-inflammatory drugs or hormone of the
growth or LH-RH analogues, or corticosteroids of chronic use.

Results: Significantly higher concentrations were found of uric acid (UA) in children
with hyperinsulinism, according to the suggested cut-off points for schoolchildren
or teenagers (normal insulin: 0.179 * 0.049 vs hyperinsulinemic: 0.224 + 0.068
mmol/l; p < 0.01), no significant differences according to the various cutting points
of HOMA. There was no association between uric acid (UA)and values of systolic
blood pressure, or diastolic (hyperuricemic: greater than x + 1 z: 68.1 + 14.2 vs
normal uric acid: 62,9 + 11,1 mm Hg).

Conclusion: Obese children and teenagers in the current study show an association
with elevated uric acid as well as a link to higher ALT and insulin
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1. INTRODUCTION

Metabolic syndrome (MS) encompasses a set of factors that lead to the development of
cardiovascular disease (CVD) and diabetes mellitus (DM), represented by central obesity,
dyslipidemia, glucose metabolism abnormalities, and high blood pressure (HBP), which is
closely associated with insulin resistance. Currently, there is no single criterion for defining it;
it is not a single disease, but rather a combination of health problems that can occur
simultaneously or sequentially in the same individual (1,2). MS is a clear health problem, not
only because of its high prevalence but also because of its role as a risk factor for other diseases
that carry significant morbidity and mortality. Therefore, it is important to obtain data that
allow for the design of proposals to improve timely treatment and prevent further
complications (3,4). Uric acid (UA) is the end product of purine metabolism, a nucleotide that
is abundant in nature, especially in the form of nucleic acids. Hyper uric acid (UA)is common in
patients with obesity, essential hypertension, dyslipidemia, and hyperglycemia, a group of
factors that characterize MS. Some authors consider hyper uric acid (UA)a characteristic of MS,
although serum UA levels are not yet considered a diagnostic criterion for MS, among other
reasons because the pathophysiological alteration that triggers the increase in serum UA is not
fully understood (5,6). Although it has been suggested that UA may simply be a consequence
of increased UA uptake in the proximal tubule secondary to hyper insulin, there is considerable
data indicating that serum UA levels could play an active role in contributing to the
development/progression of MS (7). Numerous studies have demonstrated the association
between UA concentrations and individual MS components, but the prevalence of MS using UA
concentrations has not yet been established (8). The clinical and biochemical criteria for
determining the presence of MS are clearly defined; however, there are emerging factors
related to metabolic disorders that should be included, as is the case with UA (9). More
importantly, it is important to know whether UA contributes independently to the
development of MS or is simply a byproduct of other processes that cause this disorder, and
whether UA can act as a biomarker to predict the future development of MS (10). Obese
children and adolescents have frequent metabolic alterations associated with their clinical

signs. The so-called metabolic syndrome was initially described for young adults as a set of
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clinical alterations and metabolic, with a predictive value for the risk of type ii diabetes and
cardiovascular disease in older ages: increased abdominal perimeter, increased systolic and
diastolic blood pressure, hypertriglyceridemia, decreased HDL cholesterol and hyperglycemia.
This set of proposed alterations has also been studied in pediatric populations and also seems
to have a good predictive value for these conditions of adult life in schoolchildren and
adolescents (11,12). The aim of this study was to analyze the association between serum uric
acid concentrations with indicators of general obesity, of visceral adiposity, and with other
biochemical measurements related to the metabolic syndrome in obese schoolchildren and

adolescents.
2. METHODOLOGY

A cross-sectional, prospective study in which 823 students were evaluated within the age of
6-15 years (range in which the prognostic value of the components has been studied of the
metabolic syndrome), attending a school that serves children from low socioeconomic strata
(selected due to geographical proximity).

Exclusion criteria: Those presenting with: Diabetes mellitus, neurological diseases under
treatment with anticonvulsants, depression, that they would receive medication lipid-
lowering or anti-inflammatory drugs or hormone of the growth or LH-RH analogues, or
corticosteroids of chronic use.

284 children (34.5%) were found with a BMI > 2 SD of the WHO growth standards. Of these
children were selected in a random 100 children whose parents were asked for a consent
written and informed (more assent to those children > 8 years old); finally 88 children and
adolescents were incorporated into the study. The sample size was calculated according to the
coefficient of correlation between visceral adiposity and basal insulin observed by Goran et
al. (13); an alpha error was used from 5% and a power of 80%. The sample required for the
study was 75 individuals and was considered a 15% of possible losses.

They were measured under standardized conditions: weight, height, abdominal circumference
(1 cm above the iliac ridges), blood pressure; pubertal development according to the Tanner's
criteria. Visceral adiposity was assessed by abdominal ultrasonography, measuring the spine-

edge internal segment of the anterior rectus muscle and the presence of fatty liver.
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It was performed by the same pediatric radiologist trained in the same ultrasonographic
equipment, the measurements were repeated 3 times, being recorded the average. Fasting
metabolic measurements were: basal IR, glucose (HOMA), serum lipids, aspartate
aminotransferase enzymes (AST) and alanine aminotransferase (ALT) and UA. The insulin
estimate is made by radioimmunoassay (RIA DCP kit, LA, USA), being classified as
hyperinsulinism in prepubertal subjects with fasting insulin > 10 mlU/mL and in the pubertal >
15 miU/mL.

Triglycerides were measured with the ATP technique peroxidase (reagent kit 7D74).
Hypertriglyceridemia was considered to plasma triglycerides > 100 mg/dl. The HDL cholesterol
was measured directly (kit 3 K 33HDL/1E68 HDL calibrator). According to Cook's criteria et
al.(14) we consider cardiovascular risk cholesterol HDL < 40 mg/dl.

The study was previously approved by the Research ethics of the our hospitals and. Parents
and children (> 8 years old) were asked to sign a written and informed consent.

The statistical analysis included descriptive statistics, Pearson linear correlation, "t" of Student
to evaluate differences between parametric continuous variables; they performed several
logistic multiple regression models to study associations between clinical variables and uric
acid (UA)categorized.

In addition, ROC curves were carried out of sensitivity-specificity to analyze the points of
cutting more suitable for associations between transferees with ultrasound fatty liver,
ultrasound distance column muscular anterior rectum or insulin , or between uric acid (UA)and

the other metabolic variables.
3. RESULTS

The characteristics of the children and adolescents studied were shown in (Table 1). The
serum uric acid (SUA) concentrations were 0.199 + 0.056 mmol/I, no statistically significant
differences between males and females (0.201 + 0.052 vs 0.196 + 0.062 mmol/L). The upper
limit of normality of our sample (x + 2 SD) was similar to that described for adults (0.321
mmol/l = 4.95 mg/dl); 7% of children they had concentrations above that limit and another
18% the they had between +1 and +2 SD. Significantly higher concentrations were found of
uric acid (UA) in children with hyperinsulinism, according to the suggested cut-off points for

schoolchildren or teenagers (normal insulin: 0.179 + 0.049 vs hyperinsulinemic: 0.224 + 0.068
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mmol/l; p < 0.01), no significant differences according to the various cutting points of HOMA.
By means of ROC analysis the best cut-off point was sought of sensitivity-specificity of
associated AST and ALT Alanine Aminotransferase to alterations of insulin, or to the presence
of fatty liver, or spine-muscle ultrasound distance anterior rectum. > 26 U/I of ALT was found
to be associated better in the presence of fatty liver (sensitivity of 56.8%, specificity of 74.4%,
area under the curve of 63%). They were not found statistically significant differences of uric
acid (UA)according to AST categories, or BMI magnitude, perimeter abdominal, abdominal
perimeter/size, ultrasound measurements of intra-abdominal adiposity or ultrasound
suspicion of fatty liver. There was no association between uric acid (UA)and values of systolic
blood pressure, or diastolic (hyperuricemic: greater than x + 1 z: 68.1 + 14.2 vs normal uric
acid: 62,9 £ 11,1 mm Hg). Several multiple regression models were tested logistics with normal
vs altered uric acid (UA)(> +1 z) as a variable dependent, leaving the ALT Aminotransferase as
the only statistically significant associated (p < 0.033) (Table 2).

Table 1. Characteristics of obese children and adolescents (n =77)

Variable Mean * SD Range
Age (years) 10.1+£2.2 6.0-15.5
Gender (M/F) 34/43 -
Height (cm) 139+ 10.1 117.4-159.1
BMI (z-score) 40+14 1.3-7.5
Abdominal perimeter (cm) 86.9+9.8 66.0-111.0
umltr:cslzr;c;ggrriz:i[c(c(;gl)umn anterior rectus 539+12 32795
Total cholesterol (mg/dl) 159.9 +39.2 105-312
HDL (mg/dl) 42.8+6.9 29-59
LDL (mg/d|) 98.7+19.8 53-180
Triglycerides (mg/dl) 91.6 +33.7 39-176

F. Blood glucose (mg/dl) 82.2+9.4 61-102
Fasting Insulin (uU/ml) 11.1+6.5 2.2-23.9
HOMA-IR 21+1.3 0.2-7.1
ALT Transferase (U/I) 25.8+11.3 7-79
AST Transferase (U/l) 23.7+£19.6 8-143
SUA(mmol/I) 0.199 + 0.056 0.092-0.367




Table 2. Logistic regression model evaluating risk factors associated with
hyperuricemia (x + 1 SD > 0.243 mmol/l) in children and teenagers

Variable Od<.js Standard z p>z 95% conf. | Interval
Ratio error
z BMI 0.962 0.213 -0.12 0.901 0.6393 1.4830
HOMA-IR 0.74 0.52 -0.43 0.670 0.1857 2.950
Visceral Fat 1.32 0.403 0.93 0.352 0.7315 2.408
Age 1.043 0.148 0.30 0.765 0.789 1.379
ALT 1.066 0.0331 2.06 0.039 1.0033 1.133
F. Insulin 0.9731 0.1365 -0.19 0.846 0.739 1.281

4. DISCUSSION

The association of UA with the frequency of MS in our population is particularly relevant.
Considering the scarcity of epidemiological studies that provide information on the status of
our population. Obese children and adolescents have frequent alterations metabolic factors
associated with its clinical signs. The so-called metabolic syndrome was initially described for
young adults as a set of clinical alterations and metabolic, with a predictive value for the risk
of type diabetes ii and cardiovascular disease in ages more advanced: increased abdominal
perimeter, increased of systolic and diastolic blood pressure, hypertriglyceridemia, decrease
in HDL cholesterol and hyperglycemia. This all of the proposed alterations have also been
studied in pediatric populations and also seems to have a good predictive value for those
conditions of adult life in schoolchildren and adolescents (15-17). Several studies have shown
that the measurements of general obesity (BMI) have a lower association with risk of
metabolic alterations typical of the syndrome metabolic; the abdominal perimeter, and even
better the measurements ultrasonographic of intra-abdominal adiposity, are better indicators
of these alterations than the IMC (18,19). Other metabolic alterations have been proposed as
well associated with metabolic syndrome in adulthood, including hyperuricemia , but these
have been little studied in the pediatric ages and we do not have information in the national
level (20). Our results show that the increase in uric acid (UA) is associated with other

metabolic parameters of the metabolic syndrome, in obese schoolchildren and adolescents. If
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the metabolic component is mostly associated with the set of clinical and metabolic alterations
of the metabolic syndrome are the alterations of insulin , the observed association between
increased uric acid (UA)and hyperinsulinism is in line with this pathophysiology (21). There is
no association between increased HOMA and increased uric acid (UA)may be associated with
the fact that it has not been possible to demonstrate in schoolchildren, and especially in
teenagers, HOMA cut-off points concordant with insulin resistance. Which is in agreement
with that mentioned by Dikker O, et al. (22). There is currently no consensus to establish points
of cut that define uric acid (UA)in children (23), have proposed to define uric acid (UA)as the
average +1 of the uric acid (UA) concentrations of a normal population, according to the age.
The ultrasonographic suspicion of fatty liver and the increase in transferases is also associated
with alterations of insulin, the same as the increase in of ultrasound indicators of intra-
abdominal adiposity (24,25). However, we did not observe an association between serum uric
acid levels (SUAL) with severity of general obesity (BMI) or with perimeter abdominal, nor with
ultrasonographic suspicion of liver fatty. Some previous studies have observed an association
between an increase in SUAL and an increase in blood pressure, as part of the metabolic
syndrome (26).

5. CONCLUSIONS

Obese children and teenagers in the current study show an association with elevated uric acid

as well as a link to higher ALT and insulin.
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