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ABSTRACT

Background/Aim: To study the prevalence of metabolic syndrome (MS), insulin resistance (IR) and non-
alcoholic fatty liver disease (NAFLD) in overweight/obese children with clinical hepatomegaly and/or raised 
alanine aminotransferase (ALT). Patients and Methods: Thirty-three overweight and obese children, aged 
2–13 years, presenting with hepatomegaly and/or raised ALT, were studied for the prevalence of MS, IR 
and NAFLD. Laboratory analysis included fasting blood glucose, serum insulin, serum triglycerides (TG), 
total cholesterol, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c) 
and liver biochemical profile, in addition to liver ultrasound and liver biopsy. Results: Twenty patients 
(60.6%) were labeled with MS. IR was present in 16 (48.4%). Fifteen (44%) patients had biopsy-proven 
NAFLD. Patients with MS were more likely to have NAFLD by biopsy (P=0.001). Children with NAFLD 
had significantly higher body mass index, waist circumference, ALT, total cholesterol, LDL-c, TG, fasting 
insulin, and lower HDL-c compared to patients with normal liver histology (P< 0.05) and fitted more with 
the criteria of MS (80% vs. 44%). IR was significantly more common among NAFLD patients (73% vs. 28%). 
Conclusion: There is a close association between obesity, MS, IR and NAFLD. Obese children with clinical 
or biochemical hepatic abnormalities are prone to suffer from MS, IR and NAFLD.
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As the number of obese children has increased worldwide, risks 
for obesity-related metabolic and endocrine derangements, 
including hyperinsulinemia, hypertriglyceridemia, and 
hypercholesterolemia, have led to early development and 
increased incidence of type 2 diabetes, cardiovascular 
disease, hypertension, and non-alcoholic fatty liver disease 
(NAFLD).[1]

The metabolic syndrome (MS) encompasses a group 
of factors that together confers an increased risk of 

cardiovascular disease and is associated with insulin 
resistance (IR) and type 2 diabetes mellitus. The most 
commonly used definition for pediatric MS was modified 
from the National Cholesterol Education Program (NCEP), 
Adult Treatment Panel III,[2] in which individuals must 
have at least three of the following criteria: Elevated blood 
pressure, low high-density lipoprotein cholesterol (HDL-c), 
high triglycerides (TG), high fasting glucose level, and 
abdominal obesity.

The risk factors for MS appear to track from childhood into 
adulthood.[3,4] Thus, prevention of MS during childhood might 
not only decrease chronic disease burden early in life but also 
lower the proportion of adults who will develop the disease.[5]

NAFLD is a clinicopathologic condition characterized by 
abnormal lipid deposition in hepatocytes (steatosis) in 
the absence of excess alcohol intake. NAFLD comprises a 
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spectrum of diseases, ranging from simple hepatic steatosis to 
steatosis in association with necroinflammation and fibrosis 
(non-alcoholic steatohepatitis or NASH) to cirrhosis. [6] 
Although NAFLD is not traditionally part of the MS 
definition, it is widely considered the hepatic manifestation 
of the MS.[7]

Our aim was to study the prevalence of MS, IR and NAFLD 
in overweight/obese children with clinical hepatomegaly and/
or raised alanine aminotransferase (ALT).

PATIENTS AND METHODS

This study included overweight/obese children referred to 
the Pediatric Hepatology Unit, Cairo University Children’s 
Hospital, Egypt, because of clinical hepatomegaly and/or 
elevated ALT. The following inclusion criteria were applied: 
Simple overweight/obesity, both sexes, age range 2–15 years 
and those consenting to perform a liver biopsy. The exclusion 
criteria applied were: Patients with known disorders to 
cause fatty liver [e.g. hepatitis B virus (HBV), hepatitis C 
virus (HCV), Wilson’s disease, glycogen storage disease, 
type 1 diabetes], long-term use of drugs known to cause 
steatosis (e.g. glucocorticoids, aspirin) and any cause with 
syndromatic obesity. Informed consent was obtained from 
parents/guardians of all enrolled patients.

The total number of enrolled patients was 33 (19 males and 
14 females); 8 were overweight and 25 obese. Their ages 
ranged between 2 and 13 years and the mean age was 8.4 ± 3 
years. All the patients were subjected to the following.

Anthropometric assessment
This includes weight (Wt) and height (Ht). Body mass index 
(BMI) was calculated as body weight (in kilogram) divided 
by height square (in meters). All were plotted on Egyptian 
growth charts.[8] Children were defined as overweight if their 
BMI was equal to or above 85th percentile and as obese if BMI 
was equal to or above 95th percentile. Abdominal obesity was 
assessed by comparing children’s waist circumference (WC) 
measurements to the age- and gender-specific population 
distribution. Children were considered as having abdominal 
obesity if they met or exceeded the 90th percentile for age 
and gender.[9]

Blood pressure
Blood pressure was assessed. Hypertension was considered 
when an average systolic or diastolic blood pressure was >90th 
percentile by age, gender and ethnic group (National High 
Blood Pressure).[10]

Abdominal ultrasound examination
This was performed for all the enrolled patients, following 
not less than 8 hours fasting, by a single sonographer using 

an FFsonic UF-4100. Liver echo pattern was graded as 
follows:[11]

Grade I (mild): A slight diffuse increase in fine echoes in 
the hepatic parenchyma with normal visualization of the 
diaphragm and intrahepatic vessel borders.

Grade II (moderate): A moderate diffuse increase in fine 
echoes with slightly impaired visualization of the intrahepatic 
vessels and diaphragm.

Grade III (marked): A marked increase in fine echoes with 
poor or no visualization of the intrahepatic vessel borders, 
diaphragm and posterior portion of the right lobe of the liver.

Biochemical tests
All patients underwent the following tests (following not less 
than 12 hours fasting period): Total cholesterol (normal range 
100–200 mg/dl), high-density lipoprotein cholesterol (HDL-c) 
(normal range 30–70 mg/dl), low-density lipoprotein cholesterol 
(LDL-c) (normal value less than 130 mg/dl), TG (normal range 
35–160 mg/dl) and fasting blood sugar (FBS) (normal range 
65–100 mg/dl). Measurement was carried out using an auto-
analyzer (Synchron-clinical system-CX5). Fasting serum insulin 
measurement was done by an auto-analyzer (DDC/immulite). 
IR was calculated using the following equation:

The homeostasis model assessment method

HOMA-IR = fasting insulin (µU/ml) × fasting glucose 
(mmol/l)/22.5.

IR was defined as HOMA-IR ≥ 3.5.[12]

Liver biochemical profile
The following tests were conducted using an auto-analyzer 
(Abbott AXSYM system, UK): Total serum bilirubin (normal 
range: 0.2–1 mg/dl), direct serum bilirubin (normal range 
0.1–0.3 mg/dl), ALT (normal range 5–41 U/l), aspartate 
aminotransferase (AST) (normal range 5–37 U/l), alkaline 
phosphatase (AP) (normal range 180–1200 U/l) and gamma 
glutamyl transpeptidase (GGT) (normal range 0–50 U/l). 
Prothrombin time (PT) and concentration (PC) (normal 
range 75–100%) were determined.

Liver biopsy
Liver biopsy was performed for all patients. It was obtained 
with the Menghini technique using a secure cut biopsy 
needle of 1.6-mm diameter [Hospital Service S.p.A.Via Naro, 
Pomezia (RM), Italia].

The main histological features commonly described in 
NAFLD/NASH, including steatosis, inflammation (portal 
and lobular), hepatocyte ballooning, and fibrosis, were graded 



El-Koofy et al. 

46
Volume 18, Number 1
Safar 1433H 
January 2012

The Saudi Journal of
Gastroenterology

according to the scoring system for NAFLD.[13]

Metabolic syndrome
Patients were labeled as having MS by the presence of three 
or more of the following modified criteria: (1) TG levels 
≥ 110 mg/dl, (2) HDL-c ≤ 40 mg/dl, (3) fasting blood 
glucose levels ≥ 100 mg/dl, (4) WC ≥ 90th percentile for 
age and gender, and (5) blood pressure ≥ 90th percentile.[2]

Statistical methods
Statistical Package for Social Science (SPSS) program version 
11.0 was used. Data were summarized as mean and standard 
deviation (SD). Differences in clinical and biochemical 
characteristics were tested by Student’s t test for continuous 
variables and by Chi-square test for categorical data. A two-
sided P value <0.05 was considered statistically significant.

RESULTS

Demographic, physical and biochemical characteristics of the 
33 patients are shown in Table 1. WC was ≥90th percentile in 
all but one patient. Systolic and diastolic blood pressures were 
normal in all the patients. Seven patients (21%) had elevated 
ALT and 3 (9%) had elevated AST; otherwise, GGT, AP, serum 
albumin and total serum bilirubin were within normal limits. 

Twenty patients (60.6%) had three or more criteria of MS. 
More specifically, 100% had hypertriglyceridemia, 95% low 
HDL-c and 30% high fasting blood glucose [Table 2]. IR was 
present in 16 children (48.4%).

The abnormal sonographic findings were echogenic liver 
in 32 patients (96.9%): 11 patients (33.3%) showed grade I 
echogenicity, 12 patients (36.3%) grade II echogenicity and 
9 patients (27.2%) grade III echogenicity.

A percutaneous liver biopsy was obtained in all the patients: 
18 cases (54.5%) had normal liver histology and 15 (45.5%) 
had NAFLD; 8 (24.2%) had simple steatosis and 7 (21.2%) 
had NASH. Patients with NASH were histologically graded. 
Four patients had moderate macrovesicular fatty changes and 
grade 1 (mild) necroinflammatory activity. Three patients 
had moderate macrovesicular fatty changes, grade 1 (mild) 
necroinflammatory activity [Figure 1] and stage 1 fibrosis.

Patients labeled as having MS had significantly higher 
incidence of histological NAFLD (70% vs. 7.7%; P=0.001), 
but no significantly higher ALT or echogenic liver by 
ultrasound [Table 3].

Children with NAFLD had significantly higher BMI, WC, 
ALT, total cholesterol, LDL-c, TG, fasting insulin, and lower 

Table 1: Demographic, physical and biochemical 
characteristics of the 33 overweight/obese patients

Characteristics Subjects  
(N = 33)

Number of patients 
with abnormal 

results (%)
Demographic

Sex (male/female)
Age (years) (mean ± SD)
Overweight/obese

19/14
8.4 ± 3
8/25

33 (100)

Physical characteristics
Waist circumference (cm)
Body mass index (kg/m2) 
(mean ± SD)

90.95 ± 12.36
33.16 ± 5.42

32 (97)
33 (100)

Biochemical characteristics 
(mean ± SD)

ALT (U/l)
AST (U/l)
AP (U/l)
GTT (U/l)
Total serum bilirubin (mg/dl)
Serum albumin (g/dl)
Total cholesterol (mg/dl)
LDL-c (mg/dl)
HDL-c (mg/dl)
Triglyceride (mg/dl)
Fasting blood glucose (mg/dl)
Fasting insulin level (µU/l)
HOMA-IR

35 ± 9.8
30 ± 9.7

348 ± 64.76
32 ± 10.7

0.53 ± 0.17
4.35 ± 0.23
181 ± 20
90 ± 20
40 ± 8.5
150 ± 47
92 ± 8.7

15.7 ± 6.8
3.8 ± 0.9

7 (21)
3 (9)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

22 (66.7)
27 (81.8)
8 (24.2)

29 (87.8)
16 (48.5)
16 (87.8)

Table 2: Frequency of criteria of MS (N = 20)
Variable Criterion n (%)
Waist circumference ≥ 90th percentile 20 (100)
Blood triglycerides ≥ 110 mg/dl 20 (100)
HDL-c ≤ 40mg/d 19 (95)
Fasting glucose ≥ 100 mg/dl 6 (30)
Blood pressure ≥ 90th percentile 0 (0)

Figure 1: Liver biopsy of case 7 showing macrovesicular steatosis 
associated with mild mononuclear inflammatory cellular infiltrate in the 
portal area (H and E, original magnification ×200)
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HDL-c compared to patients with normal liver histology 
(P<0.05) and fitted more with the criteria of MS (80% vs. 
44%). IR was significantly more common among NAFLD 
patients (73% vs. 28%). Sex, age and fasting glucose were 
not significantly different between the two groups [Table 4].

DISCUSSION

Among our overweight/obese children presenting with 
hepatomegaly and/or raised ALT, 60% met three or more 
criteria for MS; 76% of them were obese. Many authors 
reported the prevalence of MS among obese adolescents to 
be between 12.4 and 54.2%,[5,14-22] reaching approximately 
50% in some populations.[23] The higher prevalence of MS 
among our studied group may be explained by the fact that 
our obese/overweight patients were presenting with at least 
one hepatic abnormality (clinical hepatomegaly and/or raised 
ALT). This fact also accounts for the higher percentage of 
hypertriglyceridemia (81%) seen in our studied patients, in 
comparison to 26% in obese children as reported by Cruz 
et al.[21] Our selection criteria necessitated the presence of 
at least one hepatic abnormality to justify performing a liver 
biopsy for the patients.

In the present study, we graded according to the scoring 
system for NAFLD.[13] No special criteria were used that 
distinguish children from adults. The prevalence of MS in 
children with biopsy-proven NAFLD in the present study 
was 80%. A high prevalence of risk factors for the MS in 
patients with NAFLD has been previously described.[24-27] 
Goessling et al.[28] found that increased ALT was associated 
with developing MS over 20 years of follow-up. In the present 
study, almost half of children with NAFLD had increased 
ALT levels. Our patients with NAFLD had significantly 
higher ALT as compared to those with normal liver histology 
(mean ALT 43 ± 6 vs. 28 ± 7; P=0.001).

Obesity is strictly related to the development of NAFLD. 
In the present study, 45% of obese/overweight patients 
had biopsy-proven NAFLD which is similar to values 
observed by other authors,[29,30] but lower than Chan 
and colleagues who found it in 77% of their studied 
population.[31] This difference may be explained by genetic 
and/or environmental factors, similar to what has been 
hypothesized for adults.[32,33] Moreover, it is to be noted 

that 100% of our patients with NAFLD were obese. Thus, 
NAFLD is invariably associated with obesity and not simply 
overweight, although these results need to be verified and 
reproduced on a larger number of studied children.

In the present study, 100% of children with NAFLD had 
an elevated WC. WC is a surrogate marker for visceral fat, 
and visceral fat appears tightly correlated with hepatic TG 
content, elevated ALT, liver inflammation, and fibrosis. [34- 36] 

Table 3: Comparison of hepatic abnormalities between 
patients with and without MS

Variable Not meeting MS criteria 
(N = 13) n (%)

MS (N = 20)
n (%)

P value

ALT ≥ 40 (IU/l) 1 (7.7) 6 (30) NS
Bright liver by US 12 (92.3) 20 (100) NS
NAFLD by biopsy 1 (7.7) 14 (70) 0.001*
*P value <0.05 significant

Table 4: Characteristics of patients with normal liver 
histology and NAFLD

Variable Normal liver histology 
(N = 18)

NAFLD 
(N = 15)

P value

Sex (M/F) 12/6 7/8 NS
Age (years) 
(mean ± SD)

8.6 ± 2.3 8.2 ± 3.9 NS

Overweight/obese 8/10 15/0 0.003*
BMI (kg/m2) 
(mean ± SD)

29.8 ± 2.3 37.4 ± 5.25 0.001*

WC (cm) 
(mean ± SD)

86 ± 10 97 ± 13 0.001*

Waist circumference 
≥ 90th percentile 
[n (%)]

17 (94.4) 15 (100) NS

ALT (U/l) 
(mean ± SD)

28 ± 7 43 ± 6 0.001*

Total cholesterol 
(mg/dl) (mean ± SD)

171 ± 21 192.7 ± 9.9 0.001*

LDL-c (mg/dl) 
(mean ± SD)

79 ± 14 103.6 ± 18.3 0.001*

HDL-c (mg/dl) 
(mean ± SD)

44 ± 8 35 ± 7 0.001*

HDL-c ≤ 40 mg/dl 
[n (%)]

8 (44.4) 14 (93.3) 0.01*

Serum triglyceride 
(mg/dl) (mean ± SD)

125 ± 42 182 ± 35 0.001*

Serum triglycerides 
≥ 110 mg/dl [n (%)] 

12 (63.2) 15 (100) 0.05*

Fasting blood 
glucose (mg/dl) 
(mean ± SD)

90 ± 9 94 ± 8 NS

Fasting glucose ≥ 
100 mg/dl [n (%)]

3 (15.8) 5 (33.3) NS

Fasting insulin level 
(µU/l) (mean ± SD)

12.7 ± 6 19.35 ± 5.9 0.001*

HOMA-IR 
(mean ± SD)

2.98 ± 0.8 4.77 ± 0.9 0.001*

Insulin resistance 
(HOMA-IR > 3.5) 
[n (%)]

5 (27.7) 11 (73.3) 0.001*

Blood pressure 
≥ 90th percentile 
[n (%)]

0 (0) 0 (0) NA

Metabolic syndrome 
[n (%)]

8 (44.4) 12 (80) 0.05*

*P<0.05 is statistically significant, NA = Not applicable, NS = Not significant
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In a pediatric study,[37] every 1 cm increase in WC was 
associated with a 1.97-fold increased risk of NAFLD in boys 
and a 2.08-fold increased risk in girls.

In the present study, fasting serum insulin was significantly 
higher in patients with NAFLD in the present study. IR leads 
to increased lipolysis and free fatty acid output. The influx of 
free fatty acid into the liver combined with alternations of the 
fat metabolism in the liver result in accumulation of TG within 
the hepatocytes.[38,39] Hepatic steatosis alone can have a benign 
course without histological progression to fibrosis. IR is involved 
in the development of not only steatosis but also fibrosis by 
increasing fatty acid β-oxidation and oxidative stress.[40]

In the present study, 73% of our NAFLD patients had IR. The 
high rates of obese, insulin-resistant children with NAFLD 
meeting the criteria for MS suggest that a large number of 
these children will go on to develop diabetes.[41] This belief is 
supported by a cohort study from Sweden of adults with biopsy-
proven NAFLD who had a 9% prevalence of diabetes at baseline. 
After nearly 14 years of follow-up, the majority (78%) of these 
patients developed impaired glucose tolerance or diabetes.[42]

The study limitation is the lack of data about liver histology 
from obese/overweight children who do not have hepatic 
abnormalities (lacking hepatomegaly and having normal ALT). 
The authors considered obtaining liver biopsy in obese children 
with no evidence of hepatic abnormalities unjustifiable.

Another limitation is the choice of raised ALT as an inclusion 
criterion. Among the seven cases with raised ALT, six had 
histologically proven NAFLD. However, raised ALT in one 
patient with normal liver biopsy may point to a patchy 
distribution of fatty infiltration in early NAFLD.

Abdominal ultrasonography showed an increased echogenicity: 
Grade I in 11 cases with normal liver histology and grade II in 
another 6 cases with normal liver histology. This may point 
to the lack of specificity of grades I and II echogenicity of 
abdominal ultrasound in detecting hepatic steatosis.

CONCLUSION

In conclusion, there is a close association between obesity, 
MS, IR and NAFLD. Biopsy-proven NAFLD is invariably 
associated with obesity. Obese children with clinical or 
biochemical hepatic abnormalities are prone to suffer 
from MS, IR and NAFLD. Prevention of obesity and early 
intervention might be needed to reverse these abnormalities 
to reduce morbidity among obese children and adolescents.

REFERENCES

1.	 Must A, Strauss RS. Risks and consequences of childhood and adolescent 
obesity. Int J Obes Relat Metab Disord 1999;23 Suppl 2: S2-11.

2.	 Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of 
a metabolic syndrome phenotype in adolescents: Findings from the 
Third National Health and Nutrition Examination Survey, 1988-1994. 
Arch Pediatr Adolesc Med 2003;157:821-7.

3.	 Bao W, Srinivasan S, Wattigney WA, Berenson GS. Persistence of 
multiple cardiovascular risk clustering related to Syndrome X from 
childhood to young adulthood: The Bogalusa Heart Study. Arch Intern 
Med 1994;154:1842-7.

4.	 Dunn JE, Liu K, Greenland P, Hilner JE, Jacobs DR Jr. Seven-year tracking 
of dietary factors in young adults: The CARDIA study. Am J Prev Med 
2000;18:38-45.

5.	 Kranz S, Mahhod LJ, Wagstaff DA. Diagnostic criteria patterns of 
U.S. children with Metabolic Syndrome: NHANES 1999-2002. Nutr J 
2007;6:38.

6.	 Brunt EM. Nonalcoholic steatohepatitis: Definition and pathology. 
Semin Liver Dis 2001;21:3-16.

7.	 Sundaram SS, Zeitler P, Nadeau K. The metabolic syndrome and 
nonalcoholic fatty liver disease in children. Curr Opin Pediatr 
2009;21:529-35.

8.	 Egyptian growth curves: Diabetes endocrine metabolism pediatric unit 
Cairo University Childern’s Hospital. Available from: http://dempuegypt.
blogspot.com/. Revised 29-11-2008. [Last accessed on 2009 Aug 13].

9.	 Fernandez JR, Redden DT, Pietrobelli A, Allison DB. Waist circumference 
percentiles in nationally representative samples of African-American, 
European-American, and Mexican-American children and adolescents. 
J Pediatr 2004;145:439-44.

10.	 National high blood pressure education program working group on high 
blood pressure in children and adolescents. The fourth report on the 
diagnosis, evaluation, and treatment of high blood pressure in children 
and adolescents. Pediatrics 2004;114(2 Suppl 4th Report):555-76.

11.	 Mottin CC, Moretto M, Padoin AV, Swarowsky AM, Toneto MG, Glock L, 
et al. The role of ultrasound in the diagnosis of hepatic steatosis in 
morbidly obese patients. Obes Surg 2004;14:635-7.

12.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: Insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations 
in man. Diabetologia 1985;28:412-9.

13.	 Kleiner DE, Brunt EM, van Natta M, Behling C, Contos MJ, 
Cummings OW, et al. Design and validation of a histological 
scoring system for nonalcoholic fatty liver disease. Hepatology 
2005;41:1313-21.

14.	 Wickham EP, Stern M, Evans RK, Bryan DL, Moskowitz WB, Clore JN, 
et al. Prevalence of the metabolic syndrome among obese adolescents 
enrolled in a multidisciplinary weight management program: Clinical 
correlates and response to treatment. Metab Syndr Relat Disord 
2009;7:179-86.

15.	 Lee S, Bacha F, Gungor N, Arslanian S. Comparison of different 
definitions of pediatric metabolic syndrome: Relation to abdominal 
adiposity, insulin resistance, adiponectin, and inflammatory 
biomarkers. J Pediatr 2008;152:177-84.

16.	 Cook S, Auinger P, Li C, Ford ES. Metabolic syndrome rates in United 
States adolescents, from the National Health and Nutrition Examination 
Survey, 1999-2002. J Pediatr 2008;152:165-70.

17.	 Quintos JB, Muzumdar H, George M, Mercado AB, Lu H, Sternberg A, 
et al. The prevalence of metabolic syndrome in inner city obese African-
American youth. Pediatr Endocrinol Rev 2006;3 Suppl 4:571-5.

18.	 Invitti C, Maffeis C, Gilardini L, Pontiggia B, Mazzilli G, Girola A, 
et al. Metabolic syndrome in obese Caucasian children: Prevalence 
using WHO-derived criteria and association with nontraditional 
cardiovascular risk factors. Int J Obes (Lond) 2006;30:627-33.

19.	 de Piano A, Prado WL, Caranti DA, Siqueira KO, Stella SG, Lofrano M, 
et al. Metabolic and nutritional profile of obese adolescents with 



Metabolic syndrome in pediatric NAFLD

49
Volume 18, Number 1

Safar 1433H 
January 2012

The Saudi Journal of
Gastroenterology

nonalcoholic fatty liver disease. J Pediatr Gastroenterol Nutr 
2007;44:446-52.

20.	 Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, 
et al. Obesity and the metabolic syndrome in children and adolescents. 
N Engl J Med 2004;350:2362-74.

21.	 Cruz ML, Weigensberg MJ, Huang TT, Ball G, Shaibi GQ, Goran MI. 
The metabolic syndrome in overweight Hispanic youth and the role 
of insulin sensitivity. J Clin Endocrinol Metab 2004;89:108-13.

22.	 Rodríguez-Morán M, Salazar-Vázquez B, Violante R, Guerrero-Romero F. 
Metabolic syndrome among children and adolescents aged 10-18 years. 
Diabetes Care 2004;27:2516-7.

23.	 Monzavi R, Dreimane D, Geffner ME, Braun S, Conrad B, Klier M, 
et al. Improvement in risk factors for metabolic syndrome and 
insulin resistance in overweight youth who are treated with lifestyle 
intervention. Pediatrics 2006;117: e1111-8.

24.	 Suzuki A, Lindor K, St Saver J, Lymp J, Mendes F, Muto A, et al. Effect 
of changes on body weight and lifestyle in nonalcoholic fatty liver 
disease. J Hepatol 2005;43:1060-6.

25.	 Clark JM. The epidemiology of nonalcoholic fatty liver disease in adults. 
J Clin Gastroenterol 2006;40 Suppl 1: S5-10.

26.	 Madan K, Batra Y, Gupta DS, Chander B, Anand Rajan KD, Singh R, et al. 
Vitamin E-based therapy is effective in ameliorating transaminasemia in 
nonalcoholic fatty liver disease. Indian J Gastroenterol 2005;24:251-5.

27.	 Manco M, Marcellini M, Devito R, Comparcola D, Sartorelli MR, Nobili V. 
Metabolic syndrome and liver histology in paediatric nonalcoholic 
steatohepatitis. Int J Obes (Lond) 2008;32:381-7.

28.	 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.

29.	 de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, 
Rifai N. Prevalence of the metabolic syndrome in American adolescents: 
Findings from the Third National Health and Nutrition Examination 
Survey. Circulation 2004;110:2494-7.

30.	 Sartorio A, Del Col A, Agosti F, Mazzilli G, Bellentani S, Tiribelli C, et al. 
Predictors of non-alcoholic fatty liver disease in obese children. Eur J 
Clin Nutr 2007;61:877-83.

31.	 Chan DF, Li AM, Chu WC, Chan MH, Wong EM, Liu EK, et al. Hepatic steatosis 
in obese Chinese children. Int J Obes Relat Metab Disord 2004;28:1257-63.

32.	 Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, 
Cohen JC, et al. Prevalence of hepatic steatosis in an urban 
population in the United States: Impact of ethnicity. Hepatology 
2004;40:1387-95.

33.	 Weston SR, Leyden W, Murphy R, Bass NM, Bell BP, Manos MM, 
et al. Racial and ethnic distribution of nonalcoholic fatty liver in 
persons with newly diagnosed chronic liver disease. Hepatology 
2005;41:372-9.

34.	 Burgert TS, Taksali SE, Dziura J, Goodman TR, Yeckel CW, 
Papademetris X, et al. Alanine aminotransferase levels and fatty liver 
in childhood obesity: Associations with insulin resistance, adiponectin, 
and visceral fat. J Clin Endocrinol Metab 2006;91:4287-94.

35.	 Fishbein MH, Mogren C, Gleason T, Stevens WR. Relationship of hepatic 
steatosis to adipose tissue distribution in pediatric nonalcoholic fatty 
liver disease. J Pediatr Gastroenterol Nutr 2006;42:83-8.

36.	 van der Poorten D, Milner KL, Hui J, Hodge A, Trenell MI, Kench JG, 
et al. Visceral fat: A key mediator of steatohepatitis in metabolic liver 
disease. Hepatology 2008;48:449-57.

37.	 Dâmaso AR, do Prado WL, de Piano A, Tock L, Caranti DA, Lofrano MC, 
et al. Relationship between nonalcoholic fatty liver disease prevalence 
and visceral fat in obese adolescents. Dig Liver Dis 2008;40:132-9.

38.	 McCullough AJ. Update on nonalcoholic fatty liver disease. J Clin 
Gastroenterol 2002;34:255-62.

39.	 Felber JP, Golay A. Pathways from obesity to diabetes. Int J Obes Relat 
Metab Disord 2002;26 Suppl 2: S39-45.

40.	 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.

41.	 Schwimmer JB, Pardee PE, Lavine JE, Blumkin AK, Cook S. Cardiovascular 
risk factors and the metabolic syndrome in pediatric nonalcoholic fatty 
liver disease. Circulation 2008;118:277-83.

42.	 Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, 
Bodemar G, et al. Long-term follow-up of patients with NAFLD and 
elevated liver enzymes. Hepatology 2006;44:865-73.

Source of Support: Nil, Conflict of Interest: None declared.

Announcement

iPhone App
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