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Marker of Early Onset Non Alcoholic Fatty Liver Disease
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Background: Elevated aminotransferases serve as surrogate markers of non-alcoholic fatty liver disease, a feature commonly associated
with the metabolic syndrome. Studies on the prevalence of fatty liver disease in obese children comprise small patient samples or focus on
those patients with liver enzyme elevation.

Objectives: We have prospectively analyzed liver enzymes in all overweight and obese children coming to our tertiary care centre.
Patients and Methods: In a prospective study 224 healthy, overweight or obese children aged 1-12 years were examined. Body Mass Index-
Standard Deviation Score, alanine aminotransferase, aspartate aminotransferase and gamma-glutamyl-transpeptidase were measured.
Results: Elevated alanine aminotransferase was observed in 29% of children. 26 % of obese and 30 % of overweight children had liver
enzyme elevations. Obese children had significantly higher alanine aminotransferase levels than overweight children (0.9 vs. 0.7 times
the Upper Limit of Normal; P=0.04).

Conclusions: Elevation of liver enzymes appears in 29 % obese children in a tertiary care centre. Absolute alanine aminotransferase levels
are significantly higher in obese than in overweight children. Even obese children with normal liver enzymes show signs of fatty liver

disease as demonstrated by liver enzymes at the upper limit of normal.
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1. Background

Obesity leads to accumulation of triacylglycerol in he-
patocytes. This may cause either Non-alcoholic fatty liver
disease (NAFLD) or Non-alcoholic steatohepatitis (NASH).
There is strong evidence that in NAFLD patients insulin
does not suppress lipolysis strong as it does in non-obese
patients (1) leading to accelerated hepatic free fatty acid
supply (2). This imbalance between uptake, synthesis, ex-
port and oxidation of free fatty acids leads to accumula-
tion of fat in the cytoplasm of the liver cell (3). Fatty liver
disease is often associated with the metabolic syndrome
defined as hyperinsulinemia or a fasting blood glucose
level > 100 mg/dL or a blood glucose level > 200 mg/dL
2h after an oral glucose tolerance test plus either obesity,
dyslipidemia or hypertension (4, 5). Furthermore chil-
dren with NAFLD carry a higher risk of developing cardio-
vascular diseases (6, 7) or even hepatocellular carcinoma
(8). In the diagnostic approach of fatty liver disease the
first findings often are increased aminotransferase levels
(9) although the sensitivity of serum ALT is low. A recent
study by Schwimmer et al. demonstrated, a 57 % sensitiv-
ity of ALT for the detection of NAFLD or NASH (10) and

NASH and NAFLD also appear in patients with normal AST
or ALT (11). However abnormal aminotransferases in daily
practice serve as surrogate markers for fatty liver disease
(12) in most clinical settings and a liver biopsy is usually
performed only in obese patients with elevated liver en-
zymes, asking for NAFLD, NASH, autoimmunhepatitis or
Wilsons disease (10).

Different upper limits of normal (ULN) for aminotrans-
ferases are defined according to the age of the child and
according to the test kit used for measurement (13, 14).
Therefore a comparison of absolute levels of liver en-
zymes of children above age groups is only possible if a
ratio of liver enzyme and ULN is build.

NAEFELD is defined as an accumulation of fat in the cyto-
plasm of the hepatocyte in absence of significant alcohol
consumption. Histology is characterized by a macrove-
sicular hepatic steatosis (15). NASH is a liver disease in
absence of significant alcohol consumption with accu-
mulation of fat into the hepatocyte and signs of hepatic
fibroses and/or inflammation (16). NASH can progress to
liver cirrhoses in up to 10 % of adult patients and also in

Implication for health policy makers/practice/research/medical education:
This paper discusses the role of liver enzyme analyses in obese children and has implications for daily practice as it shows in a large sample of young obese children
thatelevated liver enzymes as a surrogate marker for fatty liver disease appear very early in life.
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children, whereas NAFLD is believed to represent a be-
nign form of fatty liver accumulation usually not pro-
gressing to cirrhosis (17, 18).

However, the real proportion of patients with NAFLD re-
mains obscure because not all patients show an elevation
of liver enzymes. Therefore, other methods to identify
fatty liver disease have been used such as MRI, ultrasound
and more recently elastography (19-22). However mea-
surement of liver enzymes is still the most often used
method for screening of larger populations.

2. Objectives

We conducted a prospective study to investigate the ap-
pearence of elevated ALT, AST and GGT in overweight or
obese children under the age of 12 years. Aim of the study
was to compare liver enzyme elevations in a pediatric
obese population in age groups with different upper lim-
its of normal.

3. Patients and Methods

Children between 1 and 12 years of age coming to our
outpatient clinic for medical assessment of obesity be-
tween January 1999 and December 2008 were included
into the study when their Body-Mass-Index Standard De-
viation Score (BMI-SDS) exceeded 90th percentile. BMI-
SDS was used for statistical analyses since BMI-values are
age-depending during childhood and adolescents (23).
Patients with a BMI-SDS of 1.3 to 1,96 (90-97th Percentile)
were considered overweight and patients with a BMI-SDS
of >1,96 (>97th Percentile) were defined as obese accord-
ing to considerations of the German Working Group on
overweight and obesity (24). The German threshold val-
ues for boys and girls differ from the US-American (over-
weight: USA 85-95th, Germany 90-97th percentile; obese:
USA > 95th, Germany > 97th percentile) (25). Anthropo-
metric data (age, body weight, height) were measured
and fasting blood samples for measurement of ALT, AST
and GGT were taken. All patients underwent physical
examination by an experienced pediatrician. In those
patients with elevated liver enzymes, a complete labo-
ratory work up (alkaline phosphatase, lactate dehydro-
genase, bilirubin, total protein, immunoglobulin, trans-
glutaminase antibodies) was performed and infectious
(hepatitis B, C), metabolic (coeruloplasmin, alpha 1 an-
titrypsin) and autoimmune diseases (IgG, anti nuclear
antibodies, liver-kidney microsome, smooth muscle
antibody) were excluded. A medical history concern-
ing hepatotoxic drugs, corticosteroids and liver injures
including liver surgery was undertaken in all patients.
Due to the young age of patients we did not ask for al-
cohol ingestion. Patients were excluded if the medical
evaluation revealed additional diseases and/or if other

diseases were already known. Exceptions were metabol-
ic disorders included in the metabolic syndrome, such
as hypertriglyceridemia, low HDL cholesterol and type 2
diabetes mellitus, impaired fasting glucose or impaired
oral glucose tolerance. Body mass index, BMI-SDS (26)
and SDS for height and weight were calculated (27). Liver
enzymes were measured at 37 °C and calculated to 25°C
until 31st of March 2003 due to the standard procedure
in all German laboratories until March 2003. From April
1st 2003 liver enzymes and normal values were mea-
sured at 37°C. Data are expressed as measured value in
[U/L] divided by the upper limit of normal (ULN) [U/L].
The ULN for age is defined as 2 standard deviations or
more above the mean of liver enzymes measured in a
normal population. For normal values used for analy-
ses see Table 1. Nonparametric comparison was made by
chi-square test. Linear regression was calculated using
SPSS 12.0 Software and significance was calculated with
the Anova Test model. Informed consent was obtained
from patients and parents.

4.Results

4.1. Patient Data

Between January 1999 and December 2008 224 patients
(99 boys and 125 girls) were included into the study. Mean
age at presentation was 8 years and 9 months. For anthro-
pometric data see Table 2. The median BMI-SDS for girls
and boys was 2.5 and 2.6 respectively. Significantly less
boys than girls were overweight (11 boys (9%) vs. 28 girls
(22%); P = 0.03). The median height SDS was 1.1 (IR 0.2-1.7)
in boys and 0.9 (IR 0.3-1.5) in girls indicating accelerated
growth due to obesity.

Table 1. Liver Enzyme Normal Values for Age According to the
Literature @

Enzyme Temp O-1Year 1-3Years 3-6Years 6-12Years
AST, U[L 25°C 40 24 18 23
37°C 82 48 36 47
ALT, U[L 25°C 29 18 16 21
37°C 54 33 29 39
GGT,U/L  25°C 13
37°C 34

@ Before April 1st 2003 enzyme levels of aminotransferases and GGT
were measured at 37°C and calculated to an activity at 25°C. This
procedure was than changed to the international standard procedure.
To compare data before and after that change and to overcome the
problem of age depending normal values ratios of enzyme level and
the upper limit of normal of the enzyme was build.
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4.2. Liver Enzymes

Elevated ALT was found in 66 patients (29%). The percent-
age of boys with elevated ALT was not significantly differ-
ent to the percentage of girls with elevated ALT (30 % of
boys, 29 % of girls). Of the 66 patients with elevated ALT 49
showed an isolated elevation of ALT. 9 patients showed a
combination of ALT, AST and GGT elevation. In 7 patients
only ALT and AST and in 1 patient ALT and GGT were elevat-
ed. None of the patients showed an isolated AST or GGT ele-
vation: (Median AST: 0.6, IR 0:4-0:7 and GGT 0.6 IR: 0.4-0.7.)

The median ration of ALT and ULN was 0.8 (IR: 0.6-1.1).
Linear regression of age (Figure 1) and ALT/ULN-ratio
showed that ALT was not correlated with age. Comparison
of overweight and obese children showed significantly

higher ALT/ULN ratios in the obese (overweight/obese Me-
dian 0.7/0.9 IR 0.5-1.1/0.6-1.1; P = 0.04) compared to over-
weight patients (Figure 2). AST and GGT did not differ sig-
nificantly in absolute height, comparing overweight and
obese children. The Median AST/ULN in overweight and
obese patients was 0.5 in both (Inter Quartile Range (IR)
0.4-0.7and 0.4-0.8). The Median GGT [ULN ratio was 0.6 in
both (IR 0.5-0.7 and 0.4-0.7). 26% of overweight children
and 30 % of obese children showed an isolated elevation
of ALT above ULN (n.s.). Therefore absolute number of pa-
tients with an elevation of ALT did not differ significantly
in contrast to median levels of ALT (see above).

Table 2. Anthropometric Data of the Study Patients Divided by Gender ®P: ¢

Male (n=99) Female (n=125) All Patients (n =224)
Age, mo 103+36 106 +32 105+£33
Overweight/Obese 11(9)/88(91) 28(22)[97(78)
Weight, kg 54+19 52+18 53+18
Weight SDS 2.6 0.7 2.4+0.7 25+0.7
Height, cm 138 £22 139+18 139+20
Height SDS 11£1.0 0.9%1.0 0.9%1.0
BMI, kg/m? 26.9+43 26.0 £4.1 26.4+4.2
BMI SDS 2.6 0.6 2.5+ 0.6 2.5+ 0.6

2 Abbreviations: BMI, body mass index; SDS, standard deviation score.
b pata are presented as mean + SD or No. (%).

€ The groups did not differ significantly according to weight, height and BMI.

Figure 1. Alanine aminotransferase/Upper Limit of Normal-Ratio (ALT)/
ULN-Ratio in Correlation With Age
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ALT/ratio levels above 1are considered pathologic. The linear regression R
square (Rsq) demonstrates no significant correlation of ALT/ULN and age.

Figure 2. Median and Quartiles of Ratios of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and gamma-glutamyl-transpepti-
dase (GGT) and the upper limit of normal (ULN) (n = 224)
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The difference between the median ALT in overweight and obese patients
was significant. *(P=0.04).
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5. Discussion

The present study shows a high percentage of ALT el-
evations in obese prepubertal children. AST levels were
not significantly elevated. As ULN for liver enzymes in
children are age dependent a direct comparison across
certain age groups is not possible. Therefore a ratio of
liver enzyme and age specific upper limit of normal was
calculated.

The extent of ALT elevation was significantly higher in
obese compared to overweight patients while the per-
centage of overweight and obese patients with ALT eleva-
tion above the ULN did not differ significantly. This pos-
sibly demonstrates that the degree of obesity contributes
to the degree of liver cell damage in fatty liver disease.
A study by Franzese et al. revealed a similar elevation of
aminotransferases in a sample of 75 obese prepubertal
children (25%) as in our study (28). However, normal val-
ues used for comparison are not given in that paperand a
comparison between overweight and obese patients was
not done. A study in obese Turkish school children dem-
onstrated a significant elevation of ALT and AST (29). But
these children and adolescents were older than those in
our study. The ratio of aminotransferase and ULN has not
been calculated and thus the different age groups could
not be compared.

Studies in obese and overweight adolescents showed a
clear correlation of male gender and elevated ALT. This
phenomenon was demonstrated in normal adolescent
populations (National Health and Nutrition Examina-
tion Survey 1999-2004) (30, 31). Jamali et al. demonstrated
a significant association between bmi and ALT in healthy
male and female individuals (32). We also detected such
a difference in our adolescent patients (data not shown)
but in the prepubertal children there was no significant
difference. We hypothesize that the difference develops
with puberty and that it reflects the different social be-
havior in adolescent boys and girls with a higher preva-
lence of alcohol consumption in boys and young men
in comparison to girls and young women. In a study by
Strauss et al alcohol consumption was the only dietary
factor that was related to ALT elevation (33).

The phenomenon of elevated liver ALT was irrespec-
tive of age. Surprisingly our data do not demonstrate a
significant rise in the ALT with age. We believe that one
reason for this is the relatively short duration of obesity
in young children. The age range we overlooked in our
study was only 12 years and many patients present to us
after a relatively (in comparison to adult patients) short
history of obesity.

Some authors state that AST serves as a surrogate mark-
er for NAFLD (34). In our setting AST was of limited value
because it was elevated in only 8 % of patients and all of
them had an ALT elevation. Elevation of liver enzymes in
obese patients has a correlation with NAFLD and there-
fore with other features of the metabolic syndrome (35).
Thus the finding of a high proportion of elevated ALT in

young obese children suggests a high degree of patients
with a metabolic syndrome even in this very young age
group. Our data show for the first time that with age ad-
justed ULN the degree and the amount of possible NAFLD
in children can be assessed.

Our tertiary care hospital serves as a centre for patients
with childhood obesity. Therefore our data may not be
representative for the population of obese children.
Childhood obesity may lead to NAFLD in every age group.
Children are no exception from this rule. From our data it
can be concluded, that fatty liver disease appears in very
young children with obesity and that the degree of obe-
sity contributes to the extent of fatty liver disease in this
age group. We conclude that in every obese child mea-
surement of ALT should be performed to identify those at
risk for early NAFLD. Population based studies are needed
to assess the real prevalence of children with fatty liver
disease.

Acknowledgements
We acknowledge the Dietmar Hopp Stiftung.

Authors’ Contribution

Study concept and design: Engelmann, Teufel Analysis
and interpretation of data: Engelmann, Grulich-Henn
and Teufel. Drafting of the manuscript: Engelmann. Criti-
cal revision of the manuscript for important intellectual
content: Hoffmann.

Financial Disclosure

Authors have no financial interests related to the mate-
rials mentioned in the manuscript.

Funding/Support

This study was generously funded by the Dietmar Hopp
Stiftung.

References

1. Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB, Contos M],
Sterling RK, et al. Nonalcoholic steatohepatitis: association of in-
sulin resistance and mitochondrial abnormalities. Gastroenterol-
0gy.2001;120(5):1183-92.

2. Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD,
Parks EJ. Sources of fatty acids stored in liver and secreted via li-
poproteins in patients with nonalcoholic fatty liver disease. ] Clin
Invest. 2005;115(5):1343-51.

3. Bugianesi E, McCullough AJ], Marchesini G. Insulin resistance:
a metabolic pathway to chronic liver disease. Hepatology.
2005;42(5):987-1000.

4.  Alberti KG, Zimmet PZ. Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1: diagnosis and
classification of diabetes mellitus provisional report of a WHO
consultation. Diabet Med. 1998;15(7):539-53.

5. Nobili V, Manco M. Therapeutic strategies for pediatric non-al-
coholic fatty liver disease: a challenge for health care providers.
World ] Gastroenterol. 2007;13(18):2639-41.

6. Kelsey MM, Zaepfel A, Bjornstad P, Nadeau KJ. Age-Related Conse-
quences of Childhood Obesity. Gerontology. 2014.

7. Pacifico L, Cantisani V, Ricci P, Osborn JF, Schiavo E, Anania C, et

Hepat Mon. 2014;14(4):e14112



Engelmann G et al.

12.

13.

14.

15.

16.

17.

19.

20.

21

al. Nonalcoholic fatty liver disease and carotid atherosclerosis in
children. Pediatr Res. 2008;63(4):423-7.

Ip BC, Wang XD. Non-alcoholic steatohepatitis and hepatocellu-
lar carcinoma: implications for lycopene intervention. Nutrients.
2014;6(1):124-62.

Fishbein M, Mogren ], Mogren C, Cox S, Jennings R. Undetected
hepatomegaly in obese children by primary care physicians: a
pitfall in the diagnosis of pediatric nonalcoholic fatty liver dis-
ease. Clin Pediatr (Phila). 2005;44(2):135-41.

Schwimmer ]B, Newton KP, Awai HI, Choi L], Garcia MA, Ellis
LL, et al. Paediatric gastroenterology evaluation of overweight
and obese children referred from primary care for suspect-
ed non-alcoholic fatty liver disease. Aliment Pharmacol Ther.
2013;38(10):1267-77.

Molleston JP, Schwimmer ]B, Yates KP, Murray KF, Cummings
OW, Lavine JE, et al. Histological Abnormalities in Children with
Nonalcoholic Fatty Liver Disease and Normal or Mildly Elevated
Alanine Aminotransferase Levels. ] Pediatr. 2014;164(4):707-713.
Pearce SG, Thosani NC, Pan ]]. Noninvasive biomarkers for the
diagnosis of steatohepatitis and advanced fibrosis in NAFLD. Bio-
mark Res. 2013;1(1):7.

Park HK, HwangJS,Moon JS, Lee JA, Kim DH, Lim JS. Healthy range
of serum alanine aminotransferase and its predictive power for
cardiovascular risk in children and adolescents. | Pediatr Gastro-
enterol Nutr. 2013;56(6):686-91.

Park SH, Park HY, Kang JW, Park ], Shin K]. Aminotransferase up-
per reference limits and the prevalence of elevated aminotrans-
ferases in the Korean adolescent population. | Pediatr Gastroen-
terol Nutr. 2012;55(6):668-72.

American Gastroenterological A. American Gastroenterological
Association medical position statement: nonalcoholic fatty liver
disease. Gastroenterology. 2002;123(5):1702-4.
Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepa-
titis: summary of an AASLD Single Topic Conference. Hepatology.
2003;37(5):1202-19.

Angulo P. Nonalcoholic fatty liver disease. N Engl | Med.
2002;346(16):1221-31.

Molleston JP, White F, Teckman ], Fitzgerald JE. Obese children
with steatohepatitis can develop cirrhosis in childhood. Am |
Gastroenterol. 2002;97(9):2460-2.

Fishbein MH, Mogren C, Gleason T, Stevens WR. Relationship
of hepatic steatosis to adipose tissue distribution in pediat-
ric nonalcoholic fatty liver disease. | Pediatr Gastroenterol Nutr.
2006;42(1):83-8.

Foucher J, Chanteloup E, Vergniol ], Castera L, Le Bail B, Adhoute
X, et al. Diagnosis of cirrhosis by transient elastography (Fi-
broScan): a prospective study. Gut. 2006;55(3):403-8.
Moreno-Otero R, Trapero-Marugan M, Mendoza . Liver fibrosis
assessment by transient elastography in hepatitis C patients

Hepat Mon. 2014;14(4):e14112

22,

23.

24.

25.

26.

27.

28.

20.

30.

3L

32.

33.

34.

35.

with normal alanine aminotransferase. Gut. 2006;55(7):1055-6.
Sagi R, Reif S, Neuman G, Webb M, Phillip M, Shalitin S. Nonalco-
holic fatty liver disease in overweight children and adolescents.
Acta Paediatr. 2007;96(8):1209-13.

Cole TJ, Faith MS, Pietrobelli A, Heo M. What is the best measure
of adiposity change in growing children: BMI, BMI %, BMI z-score
or BMI centile? Eur ] Clin Nutr. 2005;59(3):419-25.

Reinehr T, Holl RW, Wabitsch M. The German Working Group
of Obesity in Childhood and Adolescence (AGA): improving the
quality of care for overweight and obese children in Germany.
Obes Facts. 2008;1(1):26-32.

Barlow SE, Dietz WH. Obesity evaluation and treatment: Ex-
pert Committee recommendations. The Maternal and Child
Health Bureau, Health Resources and Services Administration
and the Department of Health and Human Services. Pediatrics.
1998;102(3):E29.

Rolland-Cachera MFE. Childhood obesity: current definitions
and recommendations for their use. Int | Pediatr Obes. 2011;6(5-
6):325-31.

Cole TJ. A chart to link child centiles of body mass index, weight
and height. Eur ] Clin Nutr. 2002;56(12):1194-9.

Franzese A, Vajro P, Argenziano A, Puzziello A, lannucci MP, Savi-
ano MC, et al. Liver involvement in obese children. Ultrasonogra-
phy and liver enzyme levels at diagnosis and during follow-up in
an Italian population. Dig Dis Sci.1997;42(7):1428-32.

Arslan N, Buyukgebiz B, Ozturk Y, Cakmakci H. Fatty liver in obese
children: prevalence and correlation with anthropometric mea-
surements and hyperlipidemia. Turk ] Pediatr. 2005;47(1):23-7.
Fraser A, Longnecker MP, Lawlor DA. Prevalence of elevated ala-
nine aminotransferase among US adolescents and associated
factors: NHANES 1999-2004. Gastroenterology. 2007;133(6):1814-
20.

Schwimmer |B, McGreal N, Deutsch R, Finegold M]J, Lavine JE. In-
fluence of gender, race, and ethnicity on suspected fatty liver in
obese adolescents. Pediatrics. 2005;115(5):e561-5.

Jamali R, Pourshams A, Amini S, Deyhim MR, Rezvan H, Male-
kzadeh R. The upper normal limit of serum alanine amino-
transferase in Golestan Province, northeast Iran. Arch Iran Med.
2008;11(6):602-7.

Strauss RS, Barlow SE, Dietz WH. Prevalence of abnormal serum
aminotransferase values in overweight and obese adolescents. |
Pediatr. 2000;136(6):727-33.

Fishbein MH, Miner M, Mogren C, Chalekson ]. The spectrum of
fatty liver in obese children and the relationship of serum ami-
notransferases to severity of steatosis. ] Pediatr Gastroenterol Nutr.
2003;36(1):54-61.

Ruhl CE, Everhart JE. Determinants of the association of over-
weight with elevated serum alanine aminotransferase activity
in the United States. Gastroenterology. 2003;124(1):71-9.



