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Predictors of non-alcoholic fatty liver disease
in obese children
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Objective: To evaluate predictors of non-alcoholic fatty liver disease (NAFLD) in obese children.
Design: Cross-sectional study.
Subjects: Two hundred and sixty-eight obese children not consuming alcohol and without hepatitis B or C were consecutively
studied at an auxology clinic.
Measurements: Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl-transferase (GGT),
cholesterol, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, triglycerides, uric acid,
glucose, glucose during oral glucose tolerance testing (OGTT), insulin, insulin during OGTT, insulin resistance as estimated by
homeostasis model assessment (HOMA), C-reactive protein (CRP), and systolic and diastolic blood pressure were measured.
Fatty liver was diagnosed by ultrasonography using standard criteria. Univariable and multivariable logistic regression was used
to evaluate predictors of NAFLD. All predictors except gender and pubertal status were modeled as continuous variables.
Results: NAFLD was detected in 44% of obese children. At univariable analysis, male gender, Z-score of body mass index (BMI)
(Z-BMI), ALT, AST, GGT, triglycerides, uric acid, glucose, glucose during OGTT, insulin, insulin during OGTT, HOMA, CRP and
systolic blood pressure were predictors of NAFLD, whereas HDL-cholesterol and late-pubertal status were predictors of the
normal liver. At multivariable analysis, however, only Z-BMI, ALT, uric acid, glucose during OGTT and insulin during OGTT were
independent predictors of NAFLD.
Conclusion: Z-BMI, ALT, uric acid, glucose during OGTT and insulin during OGTT are independent predictors of NAFLD in
Italian obese children, with most of the prediction explained by ALT and Z-BMI.
Sponsorship: Centro Studi Fegato and Progetti di Ricerca Corrente, Istituto Auxologico Italiano.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) has been reported

recently as the most frequent liver disease in children

(Lavine and Schwimmer, 2004). Although simple steatosis

has a benign prognosis, non-alcoholic steatohepatitis

(NASH), with advanced histopathology, may progress to

cirrhosis (Molleston et al., 2002; Brunt, 2004).

Pooling data from studies performed mainly in tertiary

medical centers, the prevalence of NAFLD in obese children

has been reported to range from 20 to 77% (Chan et al.,

2004). Because alcohol consumption and hepatic viral

infections are uncommon at this age (Bedogni et al., 2004),

fatty liver in children is due predominantly to NAFLD.

Obesity, hyperglycemia and hypertriglyceridemia are the

most important risk factors for NAFLD in adults, and insulin

resistance is hypothesized to play a central role in its

pathogenesis (Marchesini et al., 2003; Neuschwander-

Tetri and Caldwell, 2003; Bedogni et al., 2005). Owing to

this evidence, NAFLD is presently considered a manifesta-

tion of the metabolic syndrome (Marchesini et al., 2003;

Neuschwander-Tetri and Caldwell, 2003). There is increasing
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evidence that obesity, hyperglycemia and insulin resistance

are risk factors for NAFLD also in children (Kawasaki et al.,

1997; Schwimmer et al., 2003, 2005; Chan et al., 2004). In

epidemiologic studies, insulin resistance is evaluated most

commonly using the homeostasis model assessment

(HOMA) method (Bonora et al., 2000; Wallace et al., 2004),

but measurement of insulin during oral glucose tolerance

testing (OGTT) is considered an optimal means of evaluating

insulin resistance (Matsuda and DeFronzo, 1999; Iughetti

et al., 2004).

C-reactive protein (CRP) is frequently elevated in subjects

with the metabolic syndrome (Brea et al., 2005). Moreover,

CRP is an independent predictor of NAFLD in adults

(Park et al., 2004) and is higher in children with liver

steatosis and elevated serum alanine aminotransferase (ALT)

than in children with normal liver and serum ALT (Mandato

et al., 2005). Serum uric acid is elevated in most subjects

with the metabolic syndrome, and has been proposed as

an independent predictor of NAFLD in adults (Lonardo

et al., 2002).

Serum ALT has been proposed as a marker of NAFLD in

epidemiologic studies after the exclusion of hepatic viral

infections and metabolic diseases (Clark et al., 2003; Yu and

Keeffe, 2003; Schwimmer et al., 2005). However, utilizing

elevated serum ALT as a marker of NAFLD results in the

omission of 46% cases of diseases in the general adult

population (Bedogni et al., 2005). The accuracy of serum ALT

for detecting NAFLD in obese children has not undergone a

formal evaluation.

We tested whether insulin resistance, CRP and serum uric

acid are independent predictors of NAFLD, and evaluated the

accuracy of serum ALT as a marker of NAFLD in obese

children.

Methods

Subjects

Two hundred and sixty-eight children were studied con-

secutively at the Auxology Division of the Istituto Auxolo-

gico Italiano (Piancavallo, Verbania, Italy). Eligibility criteria

were: (1) age X6 and p20 years; (2) body mass index (BMI)

490th percentile for gender and age using the Italian

reference data (Cacciari et al., 2002); (3) secondary obesity;

(4) absence of any drug treatment; (5) abstinence from

alcohol; (6) absence of serological markers of hepatitis B

(HBV) and hepatitis C (HCV).

Methods

Liver ultrasonography was performed by the same operator

implementing standard criteria (Saverymuttu et al., 1986;

Joseph et al., 1991). Mild steatosis was defined as slightly

increased liver echogenicity with normal vessels and absent

posterior attenuation; moderate steatosis as moderately

increased liver echogenicity with partial dimming of vessels

and early posterior attenuation; and severe steatosis as

diffusely increased liver echogenicity with absence of visible

vessels and heavy posterior attenuation. NAFLD was oper-

ationally defined as any degree of fatty liver in the absence of

HBV and HCV infection and alcohol intake. Normal liver was

defined as the absence of fatty liver. Pubertal status was

classified as pre-pubertal (stage 1), early pubertal (stages 2

and 3) or late pubertal (stages 4 and 5) according to Tanner

(1990). Because there were few pre-pubertal subjects (n¼13),

pre-pubertal and early pubertal children were pooled (n¼94)

and compared to late pubertal children (n¼174). Alcohol

consumption was determined by interview with the children

and/or their parents. Hepatitis B surface antigen (HBsAg) and

antibodies against hepatitis C virus (HCV) were measured to

rule out hepatitis B and C (Bellentani et al., 1999). Weight

and stature were measured following the anthropometric

standardization reference manual (Lohman et al., 1990). BMI

was calculated as weight (kg)/stature (m)2. Z-scores of weight

(Z-weight), stature (Z-stature) and BMI (Z-BMI) were calcu-

lated from Italian reference data using the LMS method

(Cacciari et al., 2002). Serum ALT, aspartate aminotransferase

(AST), gamma-glutamyl-transferase (GGT), cholesterol, high-

density lipoprotein (HDL)-cholesterol, low-density lipo-

protein (LDL)-cholesterol, triglycerides, uric acid and glucose

were measured using standard laboratory methods and

insulin was measured using a chemiluminescent immuno-

assay (Immulite 2000, Diagnostic Products Corporation,

Los Angeles, CA, USA). Insulin resistance was estimated

using the HOMA method (Wallace et al., 2004). CRP was

measured using an immunoturbidimetric assay (CRP RX,

Roche Diagnostics, Indianapolis, IN, USA). Systolic and

diastolic blood pressures were measured following standard

procedures (National High Blood Pressure Education

Program Working Group on High Blood Pressure in Children

and Adolescents, 2004). Glucose and insulin were measured

at 0, 30, 60, 90 and 120 min during an OGTT performed with

1.75 g of glucose kg of weight (up to 75 g). The areas under

the curve (AUC) of insulin and glucose during OGTT were

calculated using the trapezoid rule and divided by 10 000.

The study protocol was approved by the local Ethics

Committee and parental consent was obtained.

Statistical analysis

Values of continuous variables are given as medians and

interquartile ranges (IQR) because of skewed distributions.

Between-group comparisons of continuous variables were

performed with the Mann—Whitney test and those of

ordinal variables with Fisher’ s exact test. Logistic regression

was used to evaluate the association between potential

predictors and NAFLD, coded as present vs absent. Besides

gender and pubertal status, all predictors were evaluated as

continuous variables. ALT, AST, GGT, cholesterol, HDL, LDL,

triglycerides, glucose, insulin, and systolic and diastolic

blood pressure were divided by 10 before use in the logistic

regression models. Insulin, HOMA and insulin-OGTT were
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log-transformed using natural logarithms to achieve linear-

ity of logits. Significant predictors of NAFLD at univariable

analysis were evaluated in three separate multivariable

logistic regression models differing only for how glucose

and insulin were evaluated. Model 1 employed gender,

pubertal status, Z-BMI, ALT, AST, GGT, HDL-cholesterol,

triglycerides, uric acid, glucose, insulin, CRP and systolic

blood pressure as predictors; model 2 employed gender,

pubertal status, Z-BMI, ALT, AST, GGT, HDL-cholesterol,

triglycerides, uric acid, HOMA, CRP and systolic blood

pressure as predictors; model 3 employed gender, pubertal

status, Z-BMI, ALT, AST, GGT, HDL-cholesterol, triglycerides,

uric acid, glucose-OGTT, insulin-OGTT, CRP and systolic

blood pressure as predictors. Multivariable fractional poly-

nomials were used to test whether linearity of logits could

be improved by power transformation of predictors in

Table 1 Measurements of the children

Normal liver (n¼149) NAFLD (n¼119) P*

Age (years) 14.9 (3.3) 14.6 (3.5) 0.262
[8.1–18.5] [7.7–18.4]

Gender (male/female, n) 49/100 69/50 o0.0001
Pubertal status (preþ early/late, n) 42/107 52/67 0.008
Weight (kg) 87.8 (23.2) 98.9 (29.9) o0.0001

[50.3–154.3] [55.7–175.5]
Z-weight (SDS) 2.38 (0.92) 2.82 (0.78) o0.0001

[0.35–4.19] [1.20–4.66]
Stature (m) 1.60 (0.12) 1.62 (0.13) 0.6238

[1.37–1.97] [1.27–1.82]
Z-stature (SDS) 0.21 (1.54) 0.23 (1.56) 0.717

[�2.84–3.56] [�2.35–2.99]
BMI (kgm2�1) 34.2 (6.1) 37.9 (8.7) o0.0001

[25.7–49.6] [27.8–58.6]
Z-BMI (SDS) 2.5 (0.7) 2.9 (0.6) o0.0001

[1.4–3.8] [1.7–4.5]
ALT (U l�1) 19 (12) 36 (33) o0.0001

[7–94] [7–245]
AST (U l�1) 20 (7) 26 (15) o0.0001

[10–50] [12–92]
GGT (U l�1) 15 (7) 20 (12) o0.0001

[2–100] [6–114]
Cholesterol (mgdl�1) 160 (43) 164 (36) 0.7307

[74–263] [75–258]
HDL-cholesterol (mgdl�1) 48 (15) 43 (13) 0.0011

[28–113] [24–80]
LDL-cholesterol (mgdl�1) 102 (41) 110 (35) 0.1963

[19–199] [21–207]
Triglycerides (mgdl�1) 78 (39) 91 (62) 0.0135

[9–208] [37–247]
Uric acid (mgdl�1) 5.9 (1.6) 6.6 (1.7) o0.0001

[3.7–8–7] [3.2–10.6]
Glucose (mgdl�1) 77 (10) 70 (11) 0.0092

[60–93] [54–120]
Glucose OGTT (AUC10000�1) 1.27 (0.25) 1.34 (0.27) 0.0002

[0.84–1.98] [0.96–2.70]
Insulin (mU L�1) 9 (6) 13 (10) o0.0001

[2–73] [3–82]
Insulin OGTT/(AUC10000�1) 0.65 (0.41) 0.89 (0.56) o0.0001

[0.26–2.40] [0.29–2.54]
1.8 (1.3) 2.6 (1.8) o0.0001

HOMA [0.3–16.0] [0.6–14.2]
0.3 (0.5) 0.5 (0.8) 0.0036

CRP (mgdL�1) [0.1–8.5] [0.1–6.2]
120 (10) 125 (15) 0.0350

Systolic blood pressure (mmHg) [95–170] [100–170]
80 (10) 80 (10) 0.6972

Diastolic blood pressure (mmHg) [50–100] [40–110]

Data are given as medians, interquartile ranges (round brackets), and minimum and maximum values (square brackets).

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the curve; BMI, body mass index; CRP, C-reactive protein; GGT,

gamma-glutamyl-transferase; HDL-cholesterol, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment; LDL, low-density lipoprotein

cholesterol; OGTT, oral glucose tolerance test; SDS, standard deviation scores; Z-weight, Z-score of weight; Z-stature, Z-score of stature; Z-BMI, z-score of BMI.
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multivariable models. No transformation improved linearity

so that all variables were modeled with a power of 1. The

Hosmer–Lemeshow statistic was used to assess the goodness-

of-fit of the models (Hosmer and Lemeshow, 2000). Prob-

abilities obtained by logistic regression were used to draw

ROC curves using the DeLong, DeLong and Clarke–Pearson

method and the area under the ROC curves (AUC) was used

to assess the accuracy of the models (Zhou et al., 2002).

Statistical significance was set to a value of Po0.05 for all

tests. Statistical analysis was performed using STATA 9.2

(STATA Corporation, College Station, TX, USA).

Results

Measurements of children with and without NAFLD

Forty-four percent of the 268 children (n¼119) had NAFLD.

Among children with NAFLD, 35 had mild, 69 had moderate

and 15 had severe steatosis. Table 1 gives the measurements

of the children with and without NAFLD.

Age was similar in children with and without NAFLD

(P¼ 0.262). NAFLD was more frequent in males than in

females (58 vs 33%, Po0.0001) and less frequent in late

pubertal than in pre-pubertal and early pubertal children (38

vs 55%, P¼0.008). Z-BMI (Po0.0001), ALT (Po0.0001), AST

(Po0.0001), GGT (Po0.0001), HDL-cholesterol (P¼0.0011),

triglycerides (P¼ 0.0135), uric acid (Po0.0001), glucose

(P¼0.0092), glucose-OGTT (P¼0.0002), insulin (Po0.0001),

insulin-OGTT (Po0.0001), HOMA (Po0.0001), CRP

(P¼0.0036) and systolic blood pressure (P¼0.0350) were

higher in children with NAFLD than in those with-

out NAFLD. Cholesterol (P¼0.7307), LDL-cholesterol

(P¼0.1963) and diastolic blood pressure (P¼0.6972) did

not differ between children with and without NAFLD.

Univariable analysis of NAFLD predictors

Table 2 gives the results of the univariable analysis of NAFLD

predictors.

Confirming the results of between-group comparisons

(cp. Table 1), age (P¼0.183), cholesterol (P¼0.713), LDL-

cholesterol (P¼ 0.215) and diastolic blood pressure

(P¼0.531) were not associated with NAFLD (likelihood ratio

test; data not shown). NAFLD was 2.8 times more likely in

males and 0.5 times less likely in late-pubertal than in pre-

pubertal and early-pubertal children. An increase of 1

standard deviation score (SDS) of Z-BMI was associated with

a fivefold increase in the odds of NAFLD. An increase of

10 U l�1 of ALT, AST and GGT increased the odds of NAFLD

of 56, 122 and 102%, respectively. An increase of 10 mg dl�1

of triglycerides was associated with a 9% increase and one of

HDL with a 30% decrease in the odds of NAFLD. The odds

ratio (OR) of NAFLD associated with an increase of 1 mg dl�1

of uric acid was 1.73 and the corresponding value for

CRP was 1.43. An increase of 10 mg dl�1 of glucose was

associated with a 62% increase and one of log-transformed

insulin and with a 251% increase in the odds of NAFLD. An

increase of 1 unit of log-transformed HOMA was similarly

associated with a 248% increase in the odds of NAFLD.

An increase of 1 unit of glucose-OGTT had the highest

OR (12.35) and was a stronger predictor of NAFLD

than one of log-transformed insulin-OGTT (OR¼3.68).

Lastly, an increase of 10 units of systolic blood pressure

increased the odds of NAFLD of 23%. The accuracy of

univariable predictions, as determine by ROC–AUC, is given

in Figure 1.

Multivariable analysis of NAFLD predictors

Significant predictors of NAFLD at univariable analysis (cp.

Table 2) were evaluated in three logistic regression models

differing for how insulin and glucose were evaluated: fasting

glucose and insulin (model 1) vs HOMA (model 2) vs insulin-

OGTT and glucose-OGTT (model 3) (see Methods). In models

1 and 2, only Z-BMI, ALT and uric acid were identified as

significant predictors (data not shown); in model 3, glucose-

OGTT and insulin-OGTT were significant together with

Z-BMI, ALT and uric acid (Table 3).

Table 2 Univariable analysis of predictors for NAFLD in obese children

OR (95% CI)

[p-LR]

Male gender 2.81 (1.71–4.64)
[o0.0001]

Late puberty 0.51 (0.31–0.84)
[0.009]

Z-BMI (SDS) 4.97 (2.89–8.56)
[o0.0001]

ALT (U l�1/10) 1.56 (1.33–1.83)
[o0.0001]

AST (U l�1/10) 2.22 (1.62–3.05)
[o0.0001]

GGT (U l�1/10) 2.02 (1.48–2.76)
[o0.0001]

HDL (mgdl�1/10) 0.70 (0.56–0.88)
[0.002]

Triglycerides (mgdl�1/10) 1.09 (1.03–1.15)
[0.005]

Uric acid (mgdl�1) 1.73 (1.39–2.16)
[o0.0001]

Glucose (mgdl�1/10) 1.62 (1.19–2.22)
[0.002]

Glucose OGTT (AUC/10000) 12.35 (3.56–42.80)
[o0.0001]

Insulin [ln(mUL�1/10)] 3.51 (2.14–5.75)
[o0.0001]

Insulin OGTT [ln(AUC/10000)] 3.68 (2.02–6.71)
[o0.0001]

HOMA (ln) 3.48 (2.17–5.59)
[o0.0001]

CRP (mgdl�1) 1.43 (1.12–1.82)
[0.005]

Systolic blood pressure (mm Hg/10) 1.23 (1.01–1.50)
[0.039]

Abbreviations: 95% CI¼ 95% confidence interval; OR, odds ratio; P-LR, value

of P associated with the likelihood ratio test; other abbreviations as in Table 1.
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As determined by standardized regression coefficients, ALT

was the strongest multivariable predictor of NAFLD. In

comparison, Z-BMI explained 54% of the variability ex-

plained by ALT, uric acid 30%, glucose-OGTT 28% and

insulin-OGTT 23%. Model 3 fitted well (P¼0.563, Hosmer–

Lemeshow statistic) and its accuracy (AUC¼0.84, 95% CI

0.79–0.88) was good and significantly higher than that of the

univariable Z-BMI (Po0.0001) and ALT models (P¼0.0011,

Bonferroni’s correction; Figure 1).

Accuracy of ALT as a marker of NAFLD

Serum ALT was greater than 30 U l�1 in 104 children (39%)

and greater than 40 U l�1 in 66 children (25%). 76 children

with ALT greater than 30 U l�1 and 49 with ALT greater than

40 U l�1 had NAFLD (Po0.0001 for both). The sensitivity and

specificity associated with the prediction of NAFLD from ALT

were 64 and 81% at a cutoff of 30 U l�1 (ROC–AUC¼0.72,

95% CI 0.67–0.77) and 41 and 89% at one of 40 U l�1 (ROC–

AUC¼0.65, 95% CI 0.60–0.70). Use of ALT as continuous

variable (Figure 1) improved the accuracy of the estimate as

compared to the cut-point of 40 U l�1 (Po0.0001) but not to

that of 30 U l�1 (P¼0.2350, Bonferroni’s correction).

Discussion

In the present study, 44% of a large sample of obese children

studied at an auxology obesity clinic had NAFLD defined as

the presence of liver steatosis at ultrasonography in the

absence of HBV and HCV infection and alcohol consump-

tion. It should be noted that our criterion for alcohol intake

was more restrictive than that commonly employed, that is,

less than or equal to 20 g day�1 (Neuschwander-Tetri and

Figure 1 Accuracy of univariable predictors of NAFLD in obese children. Values are areas under the receiver operating characteristic curve
(ROC–AUC) with 95% intervals; abbreviations as in Tables 1 and 2.

Table 3 Multivariable analysis of predictors for NAFLD in obese children

OR (95% CI) P-Wald Std. coeff.

Male gender 0.65 (0.28–1.48) 0.303 �0.1200
Late pubertal status 0.47 (0.21–1.06) 0.070 �0.1963
ZBMI (SDS) 4.65 (2.26–9.55) o0.0001 0.4788
ALT (U l�1/10) 1.69 (1.20–2.37) 0.002 0.8905
AST (U l�1/10) 0.79 (0.39–1.63) 0.529 �0.1578
GGT (U l�1/10) 0.76 (0.54–1.08) 0.130 �0.1889
HDL (mgdl�1/10) 0.96 (0.72–1.28) 0.776 �0.0282
Triglycerides (mgdl�1/10) 0.95 (0.87–1.03) 0.196 �0.1309
Uric acid (mgdl�1/10) 1.45 (1.08–1.96) 0.015 0.2635
Insulin OGTT [ln(AUC/10000)] 2.14 (1.07–4.27) 0.031 0.2064
Glucose OGTT [ln(AUC/10000)] 6.63 (1.58–27.84) 0.010 0.2480
Systolic blood pressure (mm Hg/10) 1.00 (0.77–1.30) 0.993 �0.0008
CRP (mgdl�1) 1.00 (0.70–1.44) 0.994 0.0006

Abbreviations: P-Wald¼ value of P associated with the Wald test; Std. coeff.¼ standardized regression coefficient; other abbreviations as in Tables 1 and 2.
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Caldwell, 2003; Bedogni et al., 2005), because the great

majority of our children did not drink alcohol. Even if a

prevalence of 44% is within the expected range, it is

substantially lower than that observed in a recent series of

Chinese children with a similar degree of obesity (77%,

Po0.0001, Fisher’s exact test) (Chan et al., 2004). This

difference is of interest because it may be explained by

genetic and/or environmental factors, similarly to what has

been hypothesized for adults (Browning et al., 2004; Weston

et al., 2005).

Despite the identification of many predictors of NAFLD at

univariable analysis (Table 2), only Z-BMI, ALT, uric acid,

glucose-OGTT and insulin-OGTT were independent predic-

tors of NAFLD in our obese children. It should be pointed out

that the contribution of glucose-OGTT and insulin-OGTT to

the prediction of NAFLD was slightly lower than that of uric

acid and substantially lower than that of ALT and BMI

(Table 3). Using a different analytic approach (ordinal

regression analysis with NAFLD severity as the outcome),

BMI, ALT and insulin were identified as independent

predictors of NAFLD also in a recent cross-sectional study

of obese Chinese children (Chan et al., 2004). It should be,

however pointed out that, according to the results of a

longitudinal study performed in obese Japanese children,

obesity duration may be better than BMI in predicting liver

fibrosis (Kinugasa et al., 1984). Moreover, our children with

severe liver steatosis and elevated ALT (n¼ 11) had higher

values of fasting insulin (14 (15) vs 9 (6), median (IQR),

P¼0.0057), insulin during OGTT (0.84 (0.62) vs 0.61 (0.36),

P¼0.0103) and HOMA (2.8 (3.2) vs 1.7 (1.1), P¼0.0040)

than those without liver steatosis and elevated ALT (n¼121).

Although insulin measurement during OGTT is considered

the best option to evaluate insulin resistance (Matsuda and

DeFronzo, 1999), it is not simple to perform in epidemiolo-

gic studies, where fasting insulin and HOMA are more

frequently employed (Bonora et al., 2000; Wallace et al.,

2004). It is therefore of some interest that in the present

study, an independent contribution of insulin and glucose to

NAFLD emerged only when they were modeled as OGTT

measurements.

Interestingly, uric acid, suggested as an independent

predictor of NAFLD in adults (Lonardo et al., 2002), was

confirmed to be an independent predictor of NAFLD in our

study of obese children. Contrary to studies performed in

adults (Park et al., 2004), we found no evidence that CRP is

an independent predictor of NAFLD in obese children.

However, CRP levels tended to be higher in our children

with NAFLD and elevated ALT (0.4 (0.6), median (IQR),

n¼76) than in those without NAFLD and normal ALT (0.3

(0.5), n¼121, P¼0.065), as found in a case–control study by

Mandato et al. (2005).

Employing Z-BMI, ALT, uric acid, glucose-OGTT and

insulin-OGTT as predictors, 84% of cases of NAFLD could

be identified in our children. Using the common cutoffs of

30 and 40 U l�1, the true positive rate of NAFLD as detected

by ALT was 64 and 41% and the true negative rate was 81 and

89%, respectively. Thus, similar to what has been shown for

adults (Bedogni et al., 2005), ALT alone should not be used as

a surrogate marker of NAFLD in obese children.

Even if the present study was performed in a large series of

obese children, its limitations must be recognized. First,

its results cannot be extended to the general population. The

lack of a control group of normal-weight children, due

mainly to ethical constraints, does not allow to establish

whether the identified predictors will work equally well in

non-obese children with NAFLD. Second, as we have

discussed in detail elsewhere (Bedogni and Bellentani,

2004; Bedogni et al., 2005), although ultrasonography is a

desirable technique for epidemiologic studies owing to being

readily available and non-invasive, it cannot detect a fatty

infiltration o30%, thus possibly underestimating the pre-

valence of fatty liver. More importantly, ultrasonography

cannot detect inflammation and fibrosis and thus, cannot be

used to establish the severity of the underlying disease

(Neuschwander-Tetri and Caldwell, 2003). Thus, the pre-

dictors identified in our study should not be considered

predictors of NASH. Third, whereas we excluded ALT

elevations owing to alcohol intake, viral infections and drug

consumption, we did not perform tests to exclude ALT

elevations owing to metabolic disorders such as a-1-anti-

trypsin deficiency, Wilson’s disease and celiac disease.

In conclusion, (1) in Italian obese children, Z-BMI, ALT,

uric acid, glucose-OGTT and insulin-OGTT are independent

predictors of NAFLD, whereas CRP is not, and (2) ALT alone

is not accurate enough to be employed as a marker of

NAFLD.
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Mazzoran L et al. (1999). Clinical course and risk factors of
hepatitis C virus related liver disease in the general population:
report from the Dionysos study. Gut 44, 874–880.

Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere
MB et al. (2000). Homeostasis model assessment closely mirrors
the glucose clamp technique in the assessment of insulin
sensitivity: studies in subjects with various degrees of glucose
tolerance and insulin sensitivity. Diabetes Care 23, 57–63.

Brea A, Mosquera D, Martı́n E, Arizti A, Cordero JL, Ros E (2005).
Nonalcoholic fatty liver disease is associated with carotid athero-
sclerosis: a case–control study. Arterioscler Thromb Vasc Biol 25,
1045–1050.

Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD,
Cohen JC et al. (2004). Prevalence of hepatic steatosis in an urban
population in the United States: impact of ethnicity. Hepatology
40, 1387–1395.

NAFLD in obese children
A Sartorio et al

882

European Journal of Clinical Nutrition



Brunt EM (2004). Nonalcoholic steatohepatitis. Semin Liver Dis 24,
3–20.

Cacciari E, Milani S, Balsamo A, Dammacco F, De Luca F, Chiarelli F
et al. (2002). Italian cross-sectional growth charts for height,
weight and BMI (6–20 years). Eur J Clin Nutr 56, 171–180.

Chan DF, Li AM, Chu WC, Chan MH, Wong EM, Liu EK et al. (2004).
Hepatic steatosis in obese Chinese children. Int J Obes Relat Metab
Disord 28, 1257–1263.

Clark JM, Brancati FL, Diehl AM (2003). The prevalence and etiology
of elevated aminotransferase levels in the United States. Am J
Gastroenterol 98, 960–967.

Hosmer D, Lemeshow S (2000). Applied Logistic Regression. John
Wiley: New York.

Iughetti L, De Simone M, Bernasconi S, Predieri B, Battistini N,
Bedogni G (2004). Relationship between body mass index and
insulin measured during oral glucose tolerance testing in severely
obese children and adolescents. Ann Hum Biol 31, 196–201.

Joseph AE, Saverymuttu SH, al-Sam S, Cook MG, Maxwell JD (1991).
Comparison of liver histology with ultrasonography in assessing
diffuse parenchymal liver disease. Clin Radiol 43, 26–31.

Kawasaki T, Hashimoto N, Kikuchi T, Takahashi H, Uchiyama M
(1997). The relationship between fatty liver and hyperinsulinemia
in obese Japanese children. J Pediatr Gastroenterol Nutr 24, 317–321.

Kinugasa A, Tsunamoto K, Furukawa N, Sawada T, Kusunoki T,
Shimada N (1984). Fatty liver and its fibrous changes found in
simple obesity of children. J Pediatr Gastroenterol Nutr 3, 408–414.

Lavine JE, Schwimmer JB (2004). Nonalcoholic fatty liver disease in
the pediatric population. Clin Liver Dis 8, 549–558.

Lohman TG, Roche AF, Martorell R (1990). Anthropometric Standardi-
zation Reference Manual. Human Kinetics Books: Champaign, IL.

Lonardo A, Loria P, Leonardi F, Borsatti A, Neri P, Pulvirenti M et al.
(2002). Fasting insulin and uric acid levels but not indices of iron
metabolism are independent predictors of non-alcoholic fatty
liver disease. A case–control study. Dig Liver Dis 34, 204–211.

Mandato C, Lucariello S, Licenziati MR, Franzese A, Spagnuolo MI,
Ficarella R et al. (2005). Metabolic, hormonal, oxidative, and
inflammatory factors in pediatric obesity-related liver disease.
J Pediatr 147, 62–66.

Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R
et al. (2003). Nonalcoholic fatty liver, steatohepatitis, and the
metabolic syndrome. Hepatology 37, 917–923.

Matsuda M, DeFronzo RA (1999). Insulin sensitivity indices obtained
from oral glucose tolerance testing: comparison with the eugly-
cemic insulin clamp. Diabetes Care 22, 1462–1470.

Molleston JP, White F, Teckman J, Fitzgerald JF (2002). Obese
children with steatohepatitis can develop cirrhosis in childhood.
Am J Gastroenterol 97, 2460–2462.

National High Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adolescents (2004).
The fourth report on the diagnosis, evaluation, and treatment of
high blood pressure in children and adolescents. Pediatrics 114,
555–576.

Neuschwander-Tetri BA, Caldwell SH (2003). Nonalcoholic steato-
hepatitis: summary of an AASLD Single Topic Conference.
Hepatology 37, 1202–1219.

Park SH, Kim BI, Yun JW, Kim JW, Park DI, Cho YK et al. (2004).
Insulin resistance and C-reactive protein as independent risk
factors for non-alcoholic fatty liver disease in non-obese Asian
men. J Gastroenterol Hepatol 19, 694–698.

Saverymuttu SH, Joseph AE, Maxwell JD (1986). Ultrasound scanning
in the detection of hepatic fibrosis and steatosis. Br Med J (Clin Res
Ed) 292, 13–15.

Schwimmer JB, Behling C, Newbury R, Deutsch R, Nievergelt C,
Schork NJ et al. (2005). Histopathology of pediatric nonalcoholic
fatty liver disease. Hepatology 42, 641–649.

Schwimmer JB, Deutsch R, Rauch JB, Behling C, Newbury R, Lavine
JE (2003). Obesity, insulin resistance, and other clinicopatho-
logical correlates of pediatric nonalcoholic fatty liver disease.
J Pediatr 143, 500–505.

Tanner J (1990). Foetus into Man (revised edition). Harvard University
Press: Cambridge.

Wallace TM, Levy JC, Matthews DR (2004). Use and abuse of HOMA
modeling. Diabetes Care 27, 1487–1495.

Weston SR, Leyden W, Murphy R, Bass NM, Bell BP, Manos MM et al.
(2005). Racial and ethnic distribution of nonalcoholic fatty liver in
persons with newly diagnosed chronic liver disease. Hepatology 41,
372–379.

Yu AS, Keeffe EB (2003). Elevated AST or ALT to nonalcoholic fatty
liver disease: accurate predictor of disease prevalence? Am J
Gastroenterol 98, 955–956.

Zhou XH, Obuchowski NA, McClish DK (2002). Statistical Methods in
Diagnostic Medicine. John Wiley: New York.

NAFLD in obese children
A Sartorio et al

883

European Journal of Clinical Nutrition


	Predictors of non-alcoholic fatty liver disease in obese children
	Introduction
	Methods
	Subjects
	Methods
	Statistical analysis

	Results
	Measurements of children with and without NAFLD
	Univariable analysis of NAFLD predictors
	Multivariable analysis of NAFLD predictors
	Accuracy of ALT as a marker of NAFLD

	Discussion
	Notes
	References


