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ABSTRACT

Background: Liver enzymes, particularly alanine aminotransferase, are considered surrogate markers for non-
alcoholic fatty liver disease, which is emerging as a component of metabolic syndrome. Objective: Determine the
association between metabolic syndrome and elevated alanine aminotransferase in school-aged obese children.
Materials and Methods: An observational analytic cross-sectional study was conducted in 130 obese patients
aged 5-17 years (54 males 41.5% and 76 females 58.5%) who were followed up at the pediatric endocrine clinic at
Tishreen University Hospital in Latakia between April 2023 and March 2024 and who met the eligibility criteria
and had complete data. Results: Out of 130 obese children, 60 children (46.2%) were diagnosed with metabolic
syndrome, and 41 children (31.5%) had elevated alanine aminotransferase levels. The percentage of elevated
alanine aminotransferase levels among individuals with the syndrome was 65.9%. Additionally, a significant
positive correlation was observed between elevated alanine aminotransferase levels and blood sugar, triglyceride
levels, and waist circumference. Conclusion: The study revealed a significant association between metabolic
syndrome and elevated alanine aminotransferase levels. Moreover, unexplained increases in alanine
aminotransferase levels in obese children may be indicative of nonalcoholic fatty liver disease.

KEYWORDS: Metabolic syndrome, elevated alanine aminotransferase, non-alcoholic fatty liver disease, obese

children.

INTRODUCTION

The association between Metabolic Syndrome (MetS)
and elevated levels of Alanine Aminotransferase (ALT)
in school-aged obese children is a critical area of
research, particularly given the rising prevalence of
obesity in this demographic. MetS is characterized by the
presence of at least three of the following conditions:
including increased waist circumference, high blood
pressure, elevated fasting glucose, and dyslipidemia,
which collectively increase the risk of cardiovascular
disease and type 2 diabetes.™

Elevated ALT levels serve as a biomarker for liver
injury, and their increase is often indicative of liver
inflammation or damage, commonly associated with
Non-alcoholic fatty liver disease (NAFLD).[? NAFLD is
particularly concerning in children, as it can progress to
more severe liver conditions, including non-alcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis."

The prevalence rate of NAFLD is dramatically
increasing in parallel with the rising prevalence of
obesity and metabolic syndrome. It reaches a prevalence
of 38% among obese children and approximately 25%
globally.**!

The presence of elevated ALT levels in obese children
with Metabolic Syndrome underscores the potential
hepatic complications associated with this metabolic
condition.®”

Investigating the relationship between Metabolic
Syndrome and elevated ALT levels in school-aged obese
children not only sheds light on the pathophysiological
mechanisms underlying these conditions but also informs
healthcare professionals about the necessity of early
detection and intervention strategies to prevent adverse
health outcomes.®9°!

METHODS AND PATIENTS

Study the population

The study concentrated on obese children attending the
Pediatric Endocrinee Clinic at Tishreen University
Hospital in Lattakia, excluding those with preexisting
liver disease, hemochromatosis, and genetic syndromes
associated with obesity, such as Prader-Willi syndrome.
Additionally, participants taking medications that affect
metabolic syndrome or ALT levels were not included in
the study. Following informed consent from the child's
guardian, a comprehensive assessment was conducted.
This included measuring the child's waist circumference
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waist circumference (WC), weight, height and body mass
index (BMI) to determine obesity levels according to
CDC guidelines as follows: Overweight with BMI > 85th
and < 95th, obese with BMI >95th and < 99th and severe
obese with BMI> 99",

Blood pressure was recorded in accordance with
American Academy of Pediatrics (AAP) standards. A
morning venous blood sample was also collected to
analyze various biomarkers, including fasting blood
sugar, lipid profiles, and ALT levels.

Metabolic Syndrome (MetS) was diagnosed based on
pediatric and adolescent criteria adapted from the
National Cholesterol Education Program  Adult
Treatment Panel Third (NCEP-ATP IlI) definition.
Children meeting three or more of the following criteria
were diagnosed with MS: FBG > 100 mg/dl, TG > 110
mg/dl, WC > 90th percentile for age and sex, systolic or
diastolic blood pressure > 90th percentile for age and sex
and HDL cholesterol < 40 mg/dl.*!

Based on these evaluations, participants were classified
into two groups: those with metabolic syndrome and
those without.

Statistical analysis

The statistical analysis included both descriptive and
inferential statistics based on the tests of statistics.
Descriptive statistics were used for quantitative variables
calculating the mean and standard deviation, and for
qualitative variables, frequencies and percentages were
calculated. Inferential statistics were conducted using the
Chi-square test to study the relationship between
qualitative variables. The results were considered
statistically significant with a p-value < 5%. The IBM
SPSS statistics (version 25) program was used to
calculate statistical coefficients and analyze results.

RESULTS

A total of 130 children, 76 of whom were females, who
constituted 58.5% of the sample, and 54 of whom were
males, who constituted 41.5%. The children's ages
ranged from 5 to 17 years, with an average age of 10.06
+ 2.7 years. Among the age groups, the 8-12 age range
represented the largest percentage of the research sample
at 49.2%. Additionally, the study identified 45 children
classified as overweight (34.6%), 51 as obese (39.2%),
and 34 as severely obese (26.2%).

Table 1: Distribution of study sample according to
the occurrence of metabolic syndrome and elevated
levels of (ALT).

Metabolic Syndrome Number | Percentage %
Positive 60 46.2%
Negative 70 53.8%
Total 130 100%
Elevated levels of (ALT) | Number | Percentage %
Present 41 31.5%
Absent 89 68.5%
Total 130 100%

As shown in Table 1, 31.5% of obese children had high
ALT values, and 46.2% of these children had metabolic
syndrome. The investigation into the relationship
between high ALT values and factors such as gender,
age, and obesity levels did not reveal any statistically
significant associations, except to note that obese
children constituted the largest proportion of individuals
with elevated ALT values.

Table 2: Distribution of study sample by the relation

between elevated ALT values and metabolic
syndrome.
Metabolic | Elevated levels of (ALT) P_value
Syndrome Present Absent
Positive 27 (65.9%) | 33 (37.1%) 0.002
Negative 14 (34.1%) | 56 (62.9%) '

Based on the results presented in Table 2, elevated ALT
levels in obese children are statistically significantly
associated with metabolic syndrome, with a p-value of
0.002. There was a strong correlation between elevated
ALT levels and a positive diagnosis of metabolic
syndrome in 65.9% of cases with elevated ALT levels.

Table 3: Distribution of the study sample according
to the occurrence of elevated ALT values and the
diagnostic criteria for metabolic syndrome.

the Elevated levels of (ALT)
diagnostic P_value
criteria for Present Absent

(MetS)

1TG 19 (46.3%) | 24 (26.9%) 0.03
|HDL 16 (39%) 32 (36%) 0.7
TGLU 18 (43.9%) | 18 (20.2%) | 0.005
TWC 27 (65.9%) | 40 (44.9%) 0.02
1BP 11 (26.8%) | 16 (17.9%) 0.4

TG: Triglycerides, HDL: High-density lipoprotein,
GLU: Glucose, WC: Waist circumference, BP: Blood
pressure.

Based on Table 3, a statistically significant relationship
was observed between elevated ALT values and blood
sugar, triglycerides, and waist circumference except for
high blood pressure and low HDL.

DISCUSSION

The association between metabolic syndrome and
elevated ALT levels in obese children is critical for
elucidating the connections between these conditions and
their implications for pediatric health.

The metabolic syndrome is considered a risk factor for
cardiovascular diseases, type 2 diabetes, and multi-cause
mortality, in addition to other disorders such as
fibrinolysis, thrombosis, and inflammation.*2*?!

Elevated ALT levels may be associated with the
development of metabolic syndrome, diabetes, and
cardiovascular diseases.™"
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In this study, metabolic syndrome was diagnosed in
46.2% of the participants according to the NCEP-ATP 111
criteria, and 31.5% of the total sample exhibited elevated
levels of Alanine aminotransferase (ALT). The
prevalence of elevated ALT levels was 65.9% among
individuals with metabolic syndrome versus 34.1%
among those without.

The relationship between elevated ALT levels and blood
glucose, triglycerides, and waist circumference was
significant, with the strongest correlation observed
between elevated ALT levels and high blood glucose
levels.

The association between elevated ALT levels and
variables such as sex, age, and degrees of obesity was
investigated, revealing no statistically significant
correlation with any of these factors. However, obese
children represented the highest percentage of those with
elevated ALT levels.

These findings emphasize the need for comprehensive
metabolic syndrome and liver health screenings in
pediatric obesity clinics. Additionally, further research is
needed to understand the specific mechanisms
connecting metabolic syndrome and elevated ALT levels
in obese children. This knowledge is essential to
developing targeted interventions and improving health
outcomes in this vulnerable population.

However, the potential mechanisms explaining the
relationship between ALT levels and the occurrence of
metabolic syndrome may include the association of
elevated AL with increased liver fat content, which is
accompanied by insulin resistance.’® Additionally,
hyperinsulinemia leads to hepatic steatosis through
increased triglyceride synthesis and decreased protein
synthesis.'® Furthermore, the relationship between ALT
and insulin sensitivity has been demonstrated regardless
of body mass index!™, where plasma ALT levels in
individuals with well-controlled diabetes have been
associated with reduced insulin sensitivity as well as
reduced endothelial function."® Aside from hepatic
steatosis, insulin resistance also contributes to fibrosis
through increased beta-oxidation of fatty acids and
oxidative stress.™ The liver also becomes susceptible to
lipid metabolism disorders, including elevated total
cholesterol, triglycerides, and LDL-C levels.”®

Zhao et al. Explored biochemical markers related to
metabolic syndrome among Beijing adolescents, which
highlights the public health significance of metabolic
disorders in the youth population,?!

Similarly, Park et al. Reported a connection between
elevated serum alanine aminotransferase (ALT) levels
and metabolic syndrome in Korean adolescents,
suggesting that liver function tests may act as biomarkers
for assessing metabolic syndrome.??

In a study involving Mexican children, Elizondo-
Montemayor et al. Identified a significant association
between ALT levels and metabolic syndrome, further
reinforcing the correlation observed across various ethnic
groups.??

More recently, research by Bergmann et al. and Valle-
Martos et al. has continued to emphasize the role of liver
enzymes, including both fasting and postprandial levels,
in predicting metabolic syndrome and related conditions
such as prediabetes and obesity in prepubertal
children.?

The study had several limitations, including a small
sample size and a cross-sectional design that made it
difficult to establish causal relationships with accuracy.
Although liver biopsy remains the gold standard for
diagnosing NAFLD, the study used ALT as a surrogate
for the disease. However, research suggests that ALT is a
more sensitive indicator of NAFLD compared to
aspartate aminotransferase (AST).®! Furthermore, the
NASPGHAN has recommended the use of ALT to
diagnose NAFLD in overweight and obese children
beginning at the age of 9 years, with a sensitivity of 88%
and a specificity of 26%."!

CONCLUSION

According to these findings, metabolic syndrome is
significantly associated with elevated ALT levels,
emphasizing the importance of early detection and
intervention in vulnerable populations. Therefore, we
recommend routine screening for both metabolic
syndrome and ALT levels in obese children across
various age groups. Additionally, more longitudinal or
interventional studies should be conducted to gain a
deeper understanding of the causal relationship between
these two conditions.

Declarations

Ethical approval and consent to participate:

Ethical approval for this study was obtained from the
Scientific Research Ethics Committee at Tishreen
University in April 2023 following the Declaration of
Helsinki.

Consent for publication
Not applicable.

Availability of Data and Materials

All the data generated or analyzed during this study are
included in this published article. The datasets used
and/or analyzed during the current study are available
from the corresponding author upon reasonable request.
Competing interests: None.

Funding: None.

Author Contribution

Www.ejpmr.com | Vol 11, Issue 9, 2024.

ISO 9001:2015 Certified Journal | 56




Bress et al.

European Journal of Pharmaceutical and Medical Research

Fatima Bress collected the data, checked the quality of
the data collection, analyzed and interpreted the data,
designed and coordinated the study, undertook and
checked the quality assessment, produced the first draft
of the manuscript, wrote and edited the manuscript and
approved the final manuscript before submission.

The project was supervised by Ahmad Chreitah and
Mazen Ghalia. The authors conducted the quality
assessment, evaluated the collected data, analyzed and
interpreted the data, checked the quality assessment,
edited the manuscript and approved the final manuscript.

REFERENCES

1.

Wan Mahmud Sabri, W. M. N., Mohamed, R. Z.,
Yaacob, N. M., & Hussain, S. Prevalence of
Metabolic Syndrome and its Associated Risk Factors
in Pediatric Obesity. Journal of the ASEAN
Federation of Endocrine Societies, 2022; 37(1): 24—
30. https://doi.org/10.15605/jafes.037.01.05.
Oliveira, A. M., Oliveira, N., Reis, J. C., Santos, M.
V., Silva, A. M., & Adan, L. Triglycerides and
alanine aminotransferase as screening markers for
suspected fatty liver disease in obese children and
adolescents. Hormone research, 2009; 71(2): 83-88.
https://doi.org/10.1159/000183896.

Selvakumar PKC, Kabbany MN, Nobili V, Alkhouri
N. Nonalcoholic Fatty Liver Disease in Children:
Hepatic and Extrahepatic Complications. Pediatr
Clin North Am., Jun. 2017; 64(3): 659-675. doi:
10.1016/j.pcl.2017.01.008. PMID: 28502444.
Younossi Z, Anstee QM, Marietti M, Hardy T,
Henry L, Eslam M, et al. Global burden of NAFLD
and NASH: trends, predictions, risk factors and
prevention. Nat Rev Gastroenterol Hepatol, 2017;
15: 1120. doi:10.1038/nrgastro.2017.109

Crespo M, Lappe S, Feldstein AE, Alkhouri N.
Similarities and differences between pediatric and
adult nonalcoholic fatty liver disease. Metabolism,
2016; 65: 1161-71. doi:
10.1016/j.metabol.2016.01.008

Jankowska, A., Brzezinski, M., Romanowicz-
Sottyszewska, A., & Szlagatys Sidorkiewicz, A.
Metabolic Syndrome in Obese Children-Clinical
Prevalence and Risk Factors. International journal of
environmental research and public health, 2021;
18(3): 1060. https://doi.org/10.3390/ijerph18031060.
Zaki, M. E., Mohamed, S. K., Bahgat, K. A., &
Kholoussi, S. M. Metabolic syndrome components
in obese Egyptian children. Annals of Saudi
medicine, 2012; 32(6): 603-610.
https://doi.org/10.5144/0256-4947.2012.603.

Daye, M., Selver Eklioglu, B., & Atabek, M. E.
Relationship of acanthosis nigricans with metabolic
syndrome in obese children. Journal of pediatric
endocrinology & metabolism: JPEM, 2020; 33(12):
1563-1568. https://doi.org/10.1515/jpem-2020-
0154.

Niu, Y., Zhang, Y., Sun, Y., Sheng, J., Lu, W., Li,
J., Mao, X., Feng, Y., & Shen, X. A combined

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

association of obesity, alanine aminotransferase and
creatinine with hyperuricemia in youth aged 13-
20 years. Frontiers in nutrition, 2024; 11: 1326039.
https://doi.org/10.3389/fnut.2024.1326039.
Elmaogullar, S., Tepe, D., Ugaktiirk, S. A., Karaca
Kara, F., & Demirel, F. Prevalence of Dyslipidemia
and Associated Factors in Obese Children and
Adolescents. Journal of clinical research in pediatric
endocrinology, 2015; 7(3): 228-234.
https://doi.org/10.4274/jcrpe.1867.

DeBoer, M.D. Assessing and managing the
metabolic syndrome in children and adolescents.
Nutrients, 2019; 11(8): 1788.

Trevisan, M.; Liu, J.; Bahsas, F.B.; Menotti, A;
Risk Factor and Life Expectancy Research Group.
Syndrome X and mortality: A population-based
study. Am. J. Epidemiol, 1998; 148: 958-966.

Ford, E.S.; Li, C.; Cook, S.; Choi, H.K. Serum
concentrations of uric acid and the metabolic
syndrome among US children and adolescents.
Circulation, 2007; 115: 2526-2532.

Goessling W, Massaro JM, Vasan RS, D’Agostino
RB Sr, Ellison RC, Fox CS. Aminotransferase levels
and 20-year risk of metabolic syndrome, diabetes,
and cardiovascular disease. Gastroenterology, 2008;
135: 1935-44. doi:10.1053/j.gastro.2008.09.018
Seppala-Lindroos A, Vehkavaara S, Hakkinen AM,
Goto T, Westerbacka J, Sovijarvi A, et al. Fat
accumulation in the liver is associated with defects
in insulin suppression of glucose production and
serum-free fatty acids independent of obesity in
normal men. J Clin Endocrinol Metab, 2002; 87:
3023—38.

Kral JG, Lundholm K, Bjo'rntorp P, Sjo’stro'm L,
Schersten T. Hepatic lipid metabolism in severe
human obesity. Metabolism, 1977; 26: 1025-1031.
Schindhelm RK, Diamant M, Bakker SJ, van Dijk
RA, Scheffer PG, Teerlink T, et al. Liver alanine
aminotransferase, insulin resistance and endothelial
dysfunction in normotriglyceridaemic subjects with
type 2 diabetes mellitus. Eur J Clin Invest, 2005; 35:
369—74.

Schwimmer JB, Deutsch R, Rauch JB, Behling C,
Newbury R, Lavine JE. Obesity, insulin resistance,
and other clinicopathological correlates of pediatric
nonalcoholic fatty liver disease. J Pediatr, 2003;
143: 500—5.

Quiros-Tejeira RE, Rivera CA, Ziba TT, Mehta N,
Smith CW, Butte NF. Risk for nonalcoholic fatty
liver disease in Hispanic youth with BMI > or = 95th
percentile. J Pediatr Gastroenterol Nutr., 2007; 44:
228—36

Rashid M, Roberts EA. Nonalcoholic steatohepatitis
in children. J Pediatr Gastroenterol Nutr., 2000; 30:
48-53.

Zhao, Y., Yu, Y., Li, H., Li, M., Zhang, D., Guo, D.,
... & Wang, H. The association between metabolic
syndrome and biochemical markers in Beijing
adolescents. International journal of environmental
research and public health, 2019; 16(22): 4557.

WWW.ejpmr.com

| Vol 11, Issue 9, 2024.

ISO 9001:2015 Certified Journal | 57




Bress et al.

European Journal of Pharmaceutical and Medical Research

22.

23.

24.

25.

26.

Park, H. S., Han, J. H., Choi, K. M., & Kim, S. M.
Relation  between elevated serum alanine
aminotransferase and metabolic syndrome in Korean
adolescents. The American journal of clinical
nutrition, 2005; 82(5): 1046-1051.
Elizondo-Montemayor, Leticia et al. “Association of
ALT and the metabolic syndrome among Mexican
children.” Obesity research & clinical practice,
2014; 8,1: €79-87. doi: 10.1016/j.0rcp.2012.08.19.
Bergmann, K.; Stefanska, A.; Krintus, M.; Szternel,
L.; Panteghini, M.; Sypniewska, G. Association
between Fasting and Postprandial Levels of Liver
Enzymes with Metabolic Syndrome and Suspected
Prediabetes in Prepubertal Children. Int. J. Mol. Sci.,
2023; 24: 1090. https://doi.org/
10.3390/ijms24021090.

Sathya P, Martin S, Alvarez F. Nonalcoholic fatty
liver disease (NAFLD) in children. Curr Opin
Pediatr, 2002; 14: 593- 600.

Vos, Miriam B et al. “NASPGHAN Clinical
Practice Guideline for the Diagnosis and Treatment
of Nonalcoholic Fatty Liver Disease in Children:
Recommendations from the Expert Committee on
NAFLD (ECON) and the North American Society
of Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN).” Journal of pediatric
gastroenterology and nutrition, 2017; 64(2):
319334.doi:10.1097/MPG.0000000000001482

Www.ejpmr.com | Vol 11, Issue 9, 2024.

ISO 9001:2015 Certified Journal

58




