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Abstract
The prevalence of obesity and obesity related comor-
bidities including diabetes and nonalcoholic fatty liver 
disease (NAFLD) has been rising globally. Nonalco-
holic fatty liver disease is emerging as a common liver 
disease among adults which can lead to the eventual 
development of complications including cirrhosis and 
hepatocellular carcinoma. With the rise of obesity in 
children, the development of detection methods for the 
presence of NAFLD is becoming imperative. Although 
the gold standard for diagnosis is liver biopsy, practical 
issues limit pediatric use and warrant development of 
noninvasive or minimally invasive screening tools for 
the detection and staging of NAFLD. A variety of diag-
nostic methods have been studied including use ami-
notransferases, imaging studies and serologic mark-
ers which have some population-based limitations. 
Additional factors such as gender and ethnicity may 
also play a role in the screening of NAFLD in pediatric 
population studies.

© 2012 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Children; Ala-
nine aminotransferase; Ethnicity; Gender; Detection methods

Peer reviewers: Stephanie Abrams, MD, Texas Children’s 
Hospital, 6621 Fannin, Suite 1010.00, Houston, TX 77030, United 
States; Jean Molleston, MD, Riley Hospital for Children, 702 
Barnhill Drive, ROC 4210, Indianapolis, IN 46202, United 
States

Devadason CA, Scheimann AO. Overview of screening methods 
for fatty liver disease in children. World J Hepatol 2012; 4(1): 
1-4  Available from: URL: http://www.wjgnet.com/1948-5182/
full/v4/i1/1.htm  DOI: http://dx.doi.org/10.4254/wjh.v4.i1.1

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has emerged 
as the most common cause of  liver disease among chil-
dren, paralleling the rise in obesity over the past few 
decades. Fatty liver disease has a spectrum of  clinical 
manifestations, ranging from simple steatosis to steatosis 
with inflammation and fibrosis nonalcoholic steatohepa-
titis (NASH)[1]. NAFLD was first described by Zelman[2] 
in 1952 among an inpatient population of  thirty obese 
men with liver disease. In 1983, Moran et al[3] reported 3 
children less than 14 years of  age with severe hepatitis 
and fibrosis. Population studies also seem to suggest ra-
cial and gender variability regarding NAFLD[4,5]. Factors 
including obesity, gender and ethnicity may influence the 
development of  NAFLD.

Development of  safe and cost-effective methods for 
screening and detection of  NAFLD is critical given the 
large number of  patients. Frequently used screening 
methods for NAFLD include aminotransferases and 
ultrasonography. NAFLD is the most common etiology 
for transaminase elevation among adults[6]. Although the 
gold standard for diagnosis is a liver biopsy, the invasive-
ness and expense of  the procedure limits the feasibility 
of  this option in children. Available imaging modalities, 
including ultrasound, computed axial tomography and 
magnetic resonance imaging, have some limitations for 
broad use, including cost, radiation exposure, as well 
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as technical limitations due to body habitus. A litera-
ture search was performed, through PubMed, using 
the following and combination of  the following terms: 
NAFLD, NASH, nonalcoholic fatty liver, steatohepa-
titis, infant, child and adolescent. The results were lim-
ited to human studies, and infant, child, adolescent and 
the English language. The utility of  current screening 
methods for the detection of  pediatric NAFLD will be 
reviewed. 

ALANINE AMINOTRANSFERASE AS A 
SURROGATE OF NAFLD
Unexplained alanine aminotransferase (ALT) elevation is 
a frequently used surrogate for the presence of  NAFLD 
in children and adults. ALT elevation (> 30 U/L) was 
reported in 6% of  overweight adolescents and 10% of  
obese adolescents among 2450 children enrolled in the 
NHANES Ⅲ survey (National Health and Examination 
Survey cycle Ⅲ) by Strauss et al[7]. ALT elevation (>30 
U/L) was an independent predictor for NAFLD among 
an Italian pediatric sample of  268 children between the 
ages of  6 and 20 years with a body mess index (BMI) of  
>90th percentile[8]. ALT elevation was present in 76 chil-
dren with NAFLD (81% sensitivity of  ALT for NAFLD 
prediction); in 49 children ALT values were > 40 U/L 
(89% sensitivity of  ALT for NAFLD prediction)[8]. Lou-
than et al[5] noted that elevated ALT (ALT > 40 U/L) 
was four times more likely in obese children.
    In several studies, ALT elevation has correlated with 
the presence of  hepatic fat on imaging. Fishbein et al[9] 
reported a retrospective review of  hepatic magnetic 
resonance imaging (MRI) findings of  39 obese Cauca-
sian children, noting hepatic fat fraction correlated with 
serum ALT (ALT > 35; r = 0.44; P  < 0.05) and age (r 
= 0.54; P < 0.005) but not with BMI z-score. In a prior 
study of  obese children with hepatomegaly, he reported 
21 of  22 (95%) subjects had elevated fat fraction on 
hepatic MRI and 12 of  20 (60%) had elevated serum 
ALT (ALT > 35)[10]. Correlation between ALT elevation 
(ALT > 58) and fatty liver on ultrasound (P < 0.001) was 
reported in a prospective study of  84 Chinese children 
seen in the obesity and lipid disorder clinic (ages 9.5-14 
years); gamma-glutamyl-transpeptidase (GGT, abnormal 
GGT > 40) also correlated with fatty liver on imaging (P 
< 0.001)[11]. Tazawa et al[12] reported sensitivity, specific-
ity and positive predictive values of  0.92, 0.62 and 0.83 
respectively for ALT elevation (ALT > 30 U/L) and 
detection of  evidence of  fatty liver on ultrasound for a 
school-aged population in Japan.

PITFALLS OF ALT
There can be shortcomings with utilizing ALT as a 
screening method for NAFLD. Aminotransferase eleva-
tion is not universally encountered among patients with 
NAFLD. The Dallas Heart study conducted in Dallas 
County on 2287 adult subjects revealed that abnormal 

ALT was not a useful diagnosis of  NAFLD as 79% of  
subjects with hepatic steatosis (determined by elevated 
hepatic triglycerides on imaging) had normal ALT lev-
els[13]. In the study conducted by Franzese et al[14], 26 out 
of  38 (68%) obese children with fatty liver on imaging 
had normal aminotransaminases. Similar concerns were 
raised by Fishbein et al[10] upon demonstration that ALT 
(ALT > 35) did not detect low levels of  hepatic fat frac-
tion. In the study by Tazawa et al[12], 18% of  Japanese 
schoolchildren with normal ALT levels (ALT < 30) had 
ultrasound findings of  a fatty fibrotic pattern suggestive 
of  nonalcoholic steatohepatitis. A study by Burgert et 
al[15] demonstrated that only 48% of  obese children (42% 
Caucasian/25% African American/33% Hispanic) with 
intrahepatic fat accumulation on MRI had abnormal 
ALT levels (ALT > 35), concluding that use of  serum 
ALT as a screening tool may not be effective. Of  note, 
children with an absence of  abnormal ALT levels are 
rarely investigated for NAFLD; evidence of  insulin re-
sistance and diabetes should heighten concern for pos-
sible NAFLD as it has been associated with liver disease 
in adults and children[16]. Upcoming imaging methods 
may enhance capacities for non-invasive detection and 
staging of  NAFLD and NASH in children. Preliminary 
adult data suggest the FibroScan® probe as a potential 
noninvasive technique due to its non-specificity and 
potential to compensate for larger size. FibroScan® mea-
sures liver stiffness by transient elastography as a surro-
gate for fibrosis[17]. FibroScan® has been studied in adult 
mixed populations, including hepatitis and NAFLD. 
Prior probes were unable to measure liver stiffness in 
2%-10% of  patients due to inflammation and body 
size[18]. The XL® FibroScan probe has improved detec-
tion of  NAFLD and fibrosis among adults through im-
proved transducer sensitivity with greater measurement 
depth but still has suboptimal reliability among morbidly 
obese adults (BMI > 40) and diabetics[18-20]. However, the 
reproducibility of  results is a drawback as well as con-
cerns regarding specificity of  findings.

GENDER IN NAFLD
Several studies have indicated a potential relationship be-
tween gender and the presence of  NAFLD. In general, it 
has been noted that NAFLD is more prevalent in males 
than females. Several imaging studies using ultrasound 
and hepatic MRI have suggested male predominance[8,15]. 
In addition, a retrospective review, published in 2006 of  
pediatric autopsies by Schwimmer et al[4] in San Diego 
County, observed that children with fatty liver were older 
and more likely to be male with a higher BMI. An ear-
lier study published by Schwimmer et al[21] published in 
2003 observed that age and sex did not differ in patients 
with liver fibrosis, although the majority of  patients in 
the study with NAFLD were male (70%). Similarly, male 
dominance was reported in a Japanese study by Tominaga 
et al[22] but the values were not statistically significant. In 
an Australian study of  500 adolescents, the prevalence of  

� January 27, 2012|Volume 4|Issue 1|WJH|www.wjgnet.com



transaminase elevation was increased in obese boys (40% 
in boys and 20% in girls), but there was no screening for 
the presence of  underlying liver disease[16]. Likewise, in a 
study done in Taiwan (which included screening for hep-
atitis B and C), there was a higher prevalence of  trans-
aminase elevation in obese boys over girls[23]. A higher 
prevalence of  transaminase elevation among obese boys 
has also been reported by Chan et al[11] and Schwimmer et 
al[24] (defined as ALT > 40 U/L), as well as Strauss et al[7], 
but with a note of  caution as there was alcohol consump-
tion reported among adolescent males. Using subjects 
from the ages of  12-19 years from the NHANES study 
(1999-2002) with exclusion of  those with ethanol con-
sumption, Graham et al[25] reported an interaction with 
male sex upon ALT elevation (ALT > 40). 

Gender influences upon the prevalence of  NAFLD 
in children have not been consistently substantiated by 
other investigators. Louthan et al[5] did not report an in-
fluence of  gender upon ALT (ALT > 40) in her pediatric 
study population. Similarly, Fishbein et al[9] did not detect 
differences in ALT based upon gender.

ETHNICITY AND NAFLD
There has been a correlation between ethnicity and ALT 
levels. Normal ALT ranges vary between different eth-
nicities and differing ALT levels will have to be regarded 
for different ethnic groups.

In particular, African Americans have been noted to 
have the lowest percentage of  elevated ALT levels, while 
those of  Hispanic origin have been observed to have the 
highest. The prevalence of  ALT elevation (ALT > 30) 
was 7.4% in Caucasian adolescents, 11.5% in Mexican 
Americans and 6.0% in African American adolescents 
in one study conducted utilizing the NHANES survey 
(1999-2004)[26]. Louthan et al[5] also observed that elevat-
ed ALT was four times less likely in African Americans 
than Caucasians, despite increased obesity and insulin 
resistance suggestive of  potential ethnic differences in 
ALT norms[5].

Several studies have noticed the effect of  ALT on 
the Hispanic population. A recent multicenter pediatric 
cross-sectional study by Schwimmer et al[24] reported a 
prevalence of  elevated ALT (ALT > 40) levels as 36%, 
22% and 14% among Hispanic, Caucasian and African 
American adolescents, respectively; other studies have 
reported similar findings[27]. Discrepancies may also exist 
among Asian subpopulations as children of  Filipino de-
scent had a prevalence of  20%, but only 4% in those of  
Vietnamese or Cambodian origin[4].

Similar ethnic influences upon NAFLD/NASH have 
been reported among adults, although higher percent-
ages of  African American patients were encountered. 
Likewise, out of  151 adults cared for at Brooke Army 
Medical Center and diagnosed with NAFLD (46% of  
cohort), the prevalence of  NAFLD/NASH confirmed 
by biopsy was 58.3% among Hispanics, 44% among 
Caucasians and 35.1% among African Americans[28].

CONCLUSION
Paralleling the rise of  obesity in children and adolescents 
has been a rise in the incidence of  NAFLD in pediatric 
populations. Optimal methods for population-based 
screening for pediatric NAFLD remain undefined to 
date. As demographic factors such as gender and ethnic-
ity may play a role in the prevalence of  NAFLD/NASH, 
use of  targeted screening methods may be feasible but 
consideration for ethnicity norms on markers, including 
ALT, may be necessary to enhance sensitivity. Data on 
influences of  gender upon NAFLD/NASH prevalence/
detection in children has been inconsistent to date, war-
ranting additional investigation.

Utilizing ALT as a determinant of  NAFLD may not 
be effective. Studies using ultrasonography indicated 
fibrotic patterns, yet subjects had normal ALT. Also, 
hepatic steatosis was noted in subjects with normal ALT 
in the Dallas Heart study. Therefore, further studies are 
needed to determine surrogate markers of  NAFLD in 
varying pediatric populations.

REFERENCES
1	 Brunt EM. Nonalcoholic steatohepatitis: definition and pa-

thology. Semin Liver Dis 2001; 21: 3-16 
2	 Zelman S. The liver in obesity. AMA Arch Intern Med 1952; 

90: 141-156  
3	 Moran JR, Ghishan FK, Halter SA, Greene HL. Steatohepa-

titis in obese children: a cause of chronic liver dysfunction. 
Am J Gastroenterol 1983; 78: 374-377 

4	 Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley C, 
Behling C. Prevalence of fatty liver in children and adoles-
cents. Pediatrics 2006; 118: 1388-1393 

5	 Louthan MV, Theriot JA, Zimmerman E, Stutts JT, McClain 
CJ. Decreased prevalence of nonalcoholic fatty liver disease 
in black obese children. J Pediatr Gastroenterol Nutr 2005; 41: 
426-429 

6	 Clark JM, Brancati FL, Diehl AM. Nonalcoholic fatty liver 
disease. Gastroenterology 2002; 122: 1649-1657 

7	 Strauss RS, Barlow SE, Dietz WH. Prevalence of abnormal 
serum aminotransferase values in overweight and obese 
adolescents. J Pediatr 2000; 136: 727-733 

8	 Sartorio A, Del Col A, Agosti F, Mazzilli G, Bellentani S, 
Tiribelli C, Bedogni G. Predictors of non-alcoholic fatty liver 
disease in obese children. Eur J Clin Nutr 2007; 61: 877-883  

9	 Fishbein MH, Mogren C, Gleason T, Stevens WR. Relation-
ship of hepatic steatosis to adipose tissue distribution in pe-
diatric nonalcoholic fatty liver disease. J Pediatr Gastroenterol 
Nutr 2006; 42: 83-88 

10	 Fishbein MH, Miner M, Mogren C, Chalekson J. The spec-
trum of fatty liver in obese children and the relationship of 
serum aminotransferases to severity of steatosis. J Pediatr 
Gastroenterol Nutr 2003; 36: 54-61 

11	 Chan DF, Li AM, Chu WC, Chan MH, Wong EM, Liu EK, 
Chan IH, Yin J, Lam CW, Fok TF, Nelson EA. Hepatic ste-
atosis in obese Chinese children. Int J Obes Relat Metab Dis-
ord 2004; 28: 1257-1263 

12	 Tazawa Y, Noguchi H, Nishinomiya F, Takada G. Serum 
alanine aminotransferase activity in obese children. Acta 
Paediatr 1997; 86: 238-241

13	 Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, 
Horton JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence 
of hepatic steatosis in an urban population in the United 
States: impact of ethnicity. Hepatology 2004; 40: 1387-1395  

14	 Franzese A, Vajro P, Argenziano A, Puzziello A, Iannucci 

� January 27, 2012|Volume 4|Issue 1|WJH|www.wjgnet.com

Devadason CA et al . Screening methods in pediatric NAFLD



MP, Saviano MC, Brunetti F, Rubino A. Liver involvement 
in obese children. Ultrasonography and liver enzyme levels 
at diagnosis and during follow-up in an Italian population. 
Dig Dis Sci 1997; 42: 1428-1432 

15	 Burgert TS, Taksali SE, Dziura J, Goodman TR, Yeckel CW, 
Papademetris X, Constable RT, Weiss R, Tamborlane WV, 
Savoye M, Seyal AA, Caprio S. Alanine aminotransferase 
levels and fatty liver in childhood obesity: associations with 
insulin resistance, adiponectin, and visceral fat. J Clin Endo-
crinol Metab 2006; 91: 4287-4294 

16	 Booth ML, George J, Denney-Wilson E, Okely AD, Hardy 
LL, Aitken R, Dobbins T. The population prevalence of ad-
verse concentrations and associations with adiposity of liver 
tests among Australian adolescents. J Paediatr Child Health 
2008; 44: 686-691 

17	 Friedrich-Rust M, Hadji-Hosseini H, Kriener S, Herrmann 
E, Sircar I, Kau A, Zeuzem S, Bojunga J. Transient elastog-
raphy with a new probe for obese patients for non-invasive 
staging of non-alcoholic steatohepatitis. Eur Radiol 2010; 20: 
2390-2396 

18	 de Lédinghen V, Vergniol J, Foucher J, El-Hajbi F, Mer-
rouche W, Rigalleau V. Feasibility of liver transient elastog-
raphy with FibroScan using a new probe for obese patients. 
Liver Int 2010; 30: 1043-1048 

19	 Myers RP, Pomier-Layrargues G, Kirsch R, Pollett A, 
Duarte-Rojo A, Wong D, Beaton M, Levstik M, Crotty P, 
Elkashab M. Feasibility and diagnostic performance of the 
FibroScan XL probe for liver stiffness measurement in over-
weight and obese patients. Hepatology 2012; 55: 199-208 

20	 Myers RP, Pomier-Layrargues G, Kirsch R, Pollett A, Beaton 
M, Levstik M, Duarte-Rojo A, Wong D, Crotty P, Elkashab 
M. Discordance in fibrosis staging between liver biopsy 
and transient elastography using the FibroScan XL probe. J 
Hepatol 2011 Oct 23; Epub ahead of print 

21	 Schwimmer JB, Deutsch R, Rauch JB, Behling C, Newbury 
R, Lavine JE. Obesity, insulin resistance, and other clinico-
pathological correlates of pediatric nonalcoholic fatty liver 
disease. J Pediatr 2003; 143: 500-505 

22	 Tominaga K, Kurata JH, Chen YK, Fujimoto E, Miyagawa 
S, Abe I, Kusano Y. Prevalence of fatty liver in Japanese 
children and relationship to obesity. An epidemiological 
ultrasonographic survey. Dig Dis Sci 1995; 40: 2002-2009

23	 Fu CC, Chen MC, Li YM, Liu TT, Wang LY. The risk factors 
for ultrasound-diagnosed non-alcoholic fatty liver disease 
among adolescents. Ann Acad Med Singapore 2009; 38: 15-17  

24	 Schwimmer JB, McGreal N, Deutsch R, Finegold MJ, Lavine 
JE. Influence of gender, race, and ethnicity on suspected fat-
ty liver in obese adolescents. Pediatrics 2005; 115: e561-e565  

25	 Graham RC, Burke A, Stettler N. Ethnic and sex differences 
in the association between metabolic syndrome and sus-
pected nonalcoholic fatty liver disease in a nationally rep-
resentative sample of US adolescents. J Pediatr Gastroenterol 
Nutr 2009; 49: 442-449  

26	 Fraser A, Longnecker MP, Lawlor DA. Prevalence of elevat-
ed alanine aminotransferase among US adolescents and as-
sociated factors: NHANES 1999-2004. Gastroenterology 2007; 
133: 1814-1820  

27	 Quirós-Tejeira RE, Rivera CA, Ziba TT, Mehta N, Smith 
CW, Butte NF. Risk for nonalcoholic fatty liver disease in 
Hispanic youth with BMI &amp; gt; or =95th percentile. J 
Pediatr Gastroenterol Nutr 2007; 44: 228-236 

28	 Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Con-
treras M, Landt CL, Harrison SA. Prevalence of nonalcohol-
ic fatty liver disease and nonalcoholic steatohepatitis among 
a largely middle-aged population utilizing ultrasound and 
liver biopsy: a prospective study. Gastroenterology 2011; 140: 
124-131 

S- Editor  Wu X    L- Editor  Roemmele A    E- Editor  Li JY

� January 27, 2012|Volume 4|Issue 1|WJH|www.wjgnet.com

Devadason CA et al . Screening methods in pediatric NAFLD


