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Abstract

Background: The aim of this study was to examine the distribution of alanine aminotrasferase (ALT) and its
association with metabolic syndrome variables and their clustering in apparently healthy children.

Methods: A cross-sectional study of 1,524 preadolescents (age, 4-11 years, 62% white, 51% male) and 1,060
adolescents (age, 12-18 years, 58% white, 51% male) enrolled in the Bogalusa Heart Study was performed.
Results: ALT levels showed a significant race (whites >blacks) difference in preadolescents and a gender
(males > females) difference in adolescents. Both preadolescents and adolescents in the age, race, and gender-
specific top versus bottom quartiles of ALT had significant increases in the prevalence of adverse levels (>75"
percentile specific for age, race, and gender) of body mass index (BMI), systolic blood pressure, total cholesterol
to high-density lipoprotein cholesterol (HDL-C) ratio (adolescents only), insulin resistance index (HOMA-IR),
and clustering of all four of these metabolic syndrome variables. In multivariate analyses, BMI was the major
independent predictor of ALT in both preadolescents and adolescents; other independent predictors were total
cholesterol to HDL-C ratio, HOMA-IR, white race in preadolescents and male gender in adolescents. With
respect to the ability of ALT to identify children with clustering of the metabolic syndrome variables, area under
the receiver operating characteristic curve analysis (c-statistics) adjusted for age, race, and gender yielded a value
of 0.67 for preadolescents and 0.82 for adolescents.

Conclusion: An elevation in serum ALT within the reference range relate adversely to all of the major com-
ponents of metabolic syndrome and their clustering in children and, thus, may be useful as a biomarker of the
presence of metabolic syndrome and related risk in pediatric population, especially adolescents.

Introduction apparently healthy community-based pediatric population.
Furthermore, information is lacking on the ability of ALT to

LEVATED LEVELS OF SERUM alanine aminotransferase jqentify clustering of adverse levels of metabolic syndrome

(ALT) is considered an early noninvasive biomarker of
nonalcoholic fatty liver disease (NAFLD), recognized as the
most common liver disease in the pediatrics population.’™
The parallel relationship of ALT with obesity and insulin
resistance in NAFLD implicates this liver function enzyme as
a biomarker of hepatic expression of adverse metabolic
profile related to the metabolic syndrome and related coro-
nary heart disease and type 2 diabetes.>™!

Although the above-mentioned associations have been
studied extensively in adults and limited number of children,
data on the distribution of ALT and its relationship to met-
abolic syndrome variables and their clustering are scant in an

components in children. The present study examined these
aspects in children as part of the Bogalusa Heart Study, a
biracial (black-white) community-based investigation of the
early natural history of cardiovascular disease.'”

Methods

Study population

Individuals (n=23,352) aged 4-22 years, residing in the
biracial (65% white, 35% black) community of Bogalusa,
Louisiana, were examined in 1987-1988 as part of a

1Depart’ment of Cardiology, Ochsner Clinic Foundation, New Orleans, Louisiana.
>Tulane Center for Cardiovascular Health, Tulane University Health Science Center, New Orleans, Louisiana.
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long-term cohort follow-up study. Of these, 1,524 preado-
lescents (age, 4-11 years, 62% white, 51% male) and 1,060
adolescents (age, 12-18 years, 58% white, 51% male), who
were fasting and had data on ALT along with other risk
factor variables, formed the study sample. Individuals with
ALT values above the normal limit of 55IU/L were ex-
cluded. This study was approved by the Institutional Review
Board of the Tulane University Health Sciences Center. All
participants gave their informed consent.

General examination

Standardized protocols were used by trained observers in
all examinations. Subjects were instructed to fast for 12h
before the screening, with compliance ascertained by an in-
terview on the day of examination. Anthropometric and
blood pressure measurements were made in replicate, and
mean values were used in all analyses. Height and weight
were measured to calculate body mass index (BMI=weight
in kilograms divided by the square of the height in meters).
Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) measurements were obtained on the right arm of the
subjects in a relaxed, sitting position.

Laboratory analyses

Cholesterol levels in the serum were assayed using enzy-
matic procedures on the Hitachi 902 Automatic Analyzer
(Roche Diagnostics, Indianapolis, IN). Serum lipoprotein
cholesterol levels were analyzed by a combination of
heparin—calcium precipitation and agar-agarose gel electro-
phoresis procedures.”> The laboratory was monitored for
precision and accuracy of lipid measurements by the Lipid
Standardization and Surveillance Program of the Centers for
Disease Control and Prevention (Atlanta, GA). A commercial
radioimmunoassay kit was used for measuring plasma im-
munoreactive insulin levels (Phadebas, Pharmacia Diag-
nostics, Piscataway, NJ). Glucose and ALT levels were
measured as part of a multiple chemistry profile (SMA20)
by enzymatic procedures with the multichannel Olympus
Au-5000 analyzer (Olympus, Lake Success, NY). Insulin
resistance status was assessed as homeostasis model assess-
ment of insulin resistance (HOMA-IR) according to the
formula described previously'*: [insulin (uU/mL)xglucose
(mmol/L)/22.5].

Statistical methods

All statistical analyses were performed with SAS version
9.1 (SAS institute, Cary, NC). The criterion metabolic syn-
drome variables considered in the analyses were: (1) BMI, (2)
SBP, (3) total cholesterol to high-density lipoprotein choles-
terol (HDL-C) ratio, and (4) HOMA-IR. Because there are no
acceptable standard age-, race-, and gender-specific cutoff
points for the metabolic syndrome variables available for use
in pediatric population,'”'® adverse levels were defined as
values above the age-, race-, and gender-specific 75" percen-
tiles, as previously reported.'”'® Clustering was defined as
coexistence of adverse levels of all four criterion risk variables.

General linear models (GLM) were used to examine race
and gender differences in risk factor variables. All P values
were two-tailed and adjusted for covariates where appropri-
ate. Wherever race-gender interaction was present, separate
models were used by race or gender. Values of HOMA-IR and
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ALT were log transformed in the analyses to improve nor-
mality. Univariate analysis was used to obtain the percentile
distribution of ALT by race and gender. Multivariate regres-
sion analysis was used to assess the independent relation
between metabolic syndrome variables and ALT in preado-
lescents and adolescents. The prevalence of adverse levels of
individual metabolic syndrome variables and their clustering
was compared between bottom versus top quartiles of ALT in
preadolescents and adolescents with the use of chi-squared
analysis.

The receiver-operating characteristic (ROC) curve value
(c-statistics) of ALT was used as a measure of its ability to
identify individuals with clustering of adverse levels of all of
the criterion metabolic syndrome components. Logistic re-
gression model was used to calculate area under the ROC
curve, where the c-statistic is the nonparametric estimate of
the area under the curve (AUC)." An AUC value of 0.5 in-
dicates that the screening test is no better than chance and a
value of 1.0 indicates perfect classification.

Results

Mean levels of age and metabolic syndrome variables in
preadolescents and adolescents are shown in Table 1 by race
and gender. In preadolescents, significant race (whites >
blacks) and gender (females > males) differences were noted
for total cholesterol-to-HDL-C ratio; there was a gender
difference (females >males) for HOMA-IR. In adolescents,
gender difference was observed for SBP (males > females)
and HOMA-IR (females > males); there was a race difference
(whites > blacks) for total cholesterol to HDL-C ratio.

Mean levels and quartiles of ALT in preadolescents and
adolescents by race and gender are given in Table 2. Whites
versus blacks in preadolescents and females versus males in
adolescents had significantly higher ALT levels.

As shown in Fig. 1, both preadolescents and adolescents in
the age-, race-, and gender-specific top versus bottom quar-
tiles of ALT had significant increases in the prevalence of
adverse levels (>75™ percentile specific for age, race, and
gender) of BMI, SBP, total cholesterol-to-HDL-C ratio (ado-
lescents only), HOMA-IR, and their clustering. Predictor
variables of ALT levels in preadolescents and adolescents are
listed in Table 3. BMI was the major independent predictor of
ALT levels in both preadolescents and adolescents; other
independent predictors were white race in preadolescents
and total cholesterol-to-HDL-C ratio, HOMA-IR, and male
gender in adolescents.

The AUC values (c-statistics) to determine the ability of
ALT to identify preadolescents and adolescents with clus-
tering of adverse levels of all four metabolic syndrome var-
iables were 0.67 and 0.82, respectively. These values, by
being greater than 0.50, highlight the efficiency of the test as
a screening tool, especially in adolescents.

Discussion

The present community-based study provides normative
values for serum ALT, an early noninvasive biomarker of
liver dysfunction and NAFLD, among preadolescents and
adolescents by race and gender and demonstrates that ele-
vations in ALT, even within the normal range associated
adversely with metabolic syndrome variable and their
clustering. In addition, the current study also shows the
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PREADOLESCENT AND ADOLESCENT LEVELS OF METABOLIC SYNDROME

VARIABLES BY RACE AND GENDER: THE BoGALUSA HEART STUDY

Male Female Comparison (P value®)
Variable
(mean + SD) White Black White Black Gender Race
Preadolescents (4-11years)
N 480 297 458 286
Age (years) 84+1.7 84+19 84+1.8 85+1.8 N.S. N.S.
BMI (kg/m?) 17.2+2.8 17.5+3.7 17.7+3.6 17.5+3.6 N.S. N.S.
SBP (mmHg) 952+79 95.9+9.0 959+84 95.0+9.5 N.S. N.S.
TC/HDL-C 33+038 3.0+0.7 35+0.8 32+07 < 0.0001 <0.0001
HOMA-IR 1.5+2.2 1.6+1.4 1.8+1.9 1.94+2.0 0.001 N.S.
Adolescents (12-18 years)
N 314 235 302 209
Age (years) 14.5+2.0 14.8+2.1 143+1.9 14.7+2.1 N.S. N.S.
BMI (kg/m?) 21.7+45 21.7+4.6 22.0+5.0 219+49 N.S. N.S.
SBP (mmHg) 106.8+9.7 109.8 +10.6 105.3 +8.7 107.5+9.9 0.001 N.S.
TC/HDL-C 34+07 3.1+0.6 3.34+0.8 3.1+0.7 N.S. <0.01
HOMA-IR 23+15 24+17 28+1.6 3.0+33 < 0.0001 N.S.

“Adjusted for covariates as appropriate.

SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; TC/HDL-C, total cholesterol to high-density lipoprotein
cholesterol ratio;, HOMA-IR, insulin resistance index, homeostasis model assessment of insulin resistance; N.S., not significant.

usefulness of ALT in identifying the clustering of criterion
metabolic syndrome variables in children, especially ado-
lescents. These observations in an apparently healthy cohort,
free of selection bias, are noteworthy in that they underscore
the utility of ALT as a biomarker in the cardiovascular and
type 2 diabetes risk assessment in childhood.

The observed white-black (preadolescents) and male-
female (adolescents) differences in ALT levels are in agree-
ment with earlier studies.®?%?! Of interest, the observed
race-gender differences were independent of metabolic
syndrome risk variables, known correlates of ALT.'® The
male versus female excess in ALT among adolescents may be
mediated by androgens.”>* The reasons for the observed
higher ALT in whites compared to blacks only among pre-
adolescents is not clear on the basis of the available data.
Moreover, the race-gender differences in metabolic syn-

drome variables noted in this study are consistent with those
previously reported.** These race-gender differences in in-
sulin, lipids, and blood pressure during preadolescent and
adolescent periods have been found to be influenced by a
complex interplay among various gonadal and adrenal ste-
roid hormones, growth hormones, and growth factors.2>?
The adverse influence of elevations in ALT (or related
pediatric NAFLD) on the pathophysiologically interrelated
components of metabolic syndrome have been reported
previously.” ' In the present study, higher prevalence of
adverse levels of metabolic syndrome variables such as BMI,
SBP, total cholesterol-to-HDL-C ratio, and insulin resistance
index were noted at higher levels of ALT in preadolescents
and adolescents. In agreement with previous findings,”'°
BMI was the strongest independent predictor of ALT levels
in both preadolescents and adolescents. On the other hand,

TABLE 2. MEAN LEVELS AND PERCENTILE DISTRIBUTION OF SERUM ALANINE AMINOTRASFERASE
BY RACE AND GENDER IN PREADOLESCENTS AND ADOLESCENTS: THE BoGALUSA HEART STUDY

Selected percentiles

Mean £ SD
(Iu/L) 5t 10™ 25" 50™ 75™ 9™ 95™
Preadolescents (4-11 years)®
White male 16.8£59 10.0 11.0 13.0 15.0 19.0 240 27.5
Black male 159+55 9.0 10.0 13.0 15.0 18.0 22.0 27.0
White female 17.0£5.7 10.0 11.0 13.0 16.0 19.0 24.0 29.0
Black female 153+£55 8.0 10.0 12.0 14.0 18.0 22.0 26.0
Total 16.4£5.7 9.0 10.0 13.0 15.0 19.0 23.0 27.0
Adolescents (12-18 years)®
White male 192+77 8.0 11.0 14.0 18.0 24.0 29.0 33.0
Black male 19.3£8.6 9.0 11.0 13.0 17.0 23.0 31.0 35.0
White female 16.1+£7.3 6.0 9.0 12.0 15.0 19.0 25.0 29.0
Black female 146+7.3 3.0 7.0 10.0 13.0 18.0 23.0 30.0
Total 17.4+£79 7.0 9.0 12.0 16.0 22.0 28.0 32.0

“Race (white > black) difference: P = < 0.0001.
PGender (male > female) difference: P = < 0.0001.
SD, standard deviation.
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FIG. 1. Prevalence of adverse levels of metabolic syndrome variables and their clustering by alanine aminotransferase
(ALT) levels in preadolescents and adolescents. BMI, body mass index; SBP, systolic blood pressure; TC/HDLC, total
cholesterol-to-HDL cholesterol ratio, HOMA-IR, insulin resistance index, homeostasis model assessment of insulin resistance;

MetS, metabolic syndrome. The Bogalusa Heart Study.

the insulin resistance index and total cholesterol to HDL-C
ratio were also related to ALT levels, independent of obesity
measure in adolescents, but not in preadolescents. The ob-
served difference in predictive variables of ALT between
preadolescents and adolescents may be due to the fact that
adverse changes in fat mass and distribution as well as in-
sulin sensitivity and lipoprotein profile occur during pu-
berty.?***! Furthermore, childhood obesity is known to be
the primary antecedent factor in the development of insulin
resistance and related metabolic syndrome.'**

The adverse relationship of ALT to risk variables of met-
abolic syndrome may be the consequence of a link between
excess adiposity and hepatic insulin resistance mediated by
increased hepatic free fatty acid flux from adipocytes, lead-

TaBLE 3. INDEPENDENT PREDICTORS OF ALANINE
AMINOTRASFERASE LEVELS IN PREADOLESCENTS
AND ADOLESCENTS: THE BoGALUSA HEART STUDY

Independent Preadolescents Adolescents
variable (4-11years) (B) (12-18) (B)
Age —0.033 0.015
Whites > blacks 0.089% —0.027
Males > females —0.043 0.236"
BMI 0.285% 0.200%
SBP 0.023 0.061
TC/HDL-C —0.001 0.088"
HOMA-IR -0.037 0.066°

All values are regression coefficient p.

2P < 0.0001.

Pp=0.01.

The bold values highlight the significant values in the table.

BMI, body mass index; SBP, systolic blood pressure; TC/HDL-C,
total cholesterol to high-density lipoprotein cholesterol ratio;
HOMA-IR, insulin resistance index, homeostasis model assessment
of insulin resistance.

ing to increased hepatic lipogenensis and triglyceride-rich
lipoprotein secretion.”*® In addition, excess adiposity and
free fatty acids (and by inference NAFL) enhance the ex-
pression of proinflamatory adipocytokines, including tumor
necrosis factor-o. and decreases the expression of insulin-
sensitizing and antiinflammatory adiponectin, resulting in
increase in insulin resistance.®*°

The concept of NAFLD as a hepatic component of meta-
bolic syndrome is now widely being recognized.”*”*® On the
basis of this and other findings discussed above, ALT as a
biomarker has the potential to help identify individual at
risk. In the present study, the area (c-value) under the ROC
curve values of 0.67 and 0.82 for preadolescents and ado-
lescents, respectively, support the value of ALT as a
screening test, especially in adolescents. However, because
no such comparable data are available, further studies in
other pediatric populations are needed to validate the cur-
rent findings. This study has certain limitations in that it
lacks direct assessment of body fat mass and distribution,
liver fat content, and in vivo insulin action used in clinical
and etiological studies. Instead, we used well-established
measures that are appropriate for population studies. Fur-
thermore, this observational cross-sectional study cannot
address the issue of causality and underlying mechanisms
governing the observed associations.

Conclusions

In summary, an elevation in serum ALT, even within the
reference range, relates strongly to metabolic syndrome
components, especially obesity, and their clustering in chil-
dren. In view of the upward secular trend for being obese
during childhood,**° ALT, as an established biomarker of
ectopic fat accumulation in the liver, may help improve the
risk assessment of metabolic syndrome and related disorders
in the pediatric population, especially adolescents.
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