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Aim: To investigate the relationship of the aspartate aminotransferase to alanine amino-
transferase ratio (AST/ALT) and metabolic syndrome (MetS) in adolescents in northeast
China.

Methods: A stratified cluster random sample of 935 students 11-16 years of age in a city in
the northeast of China were enrolled in 2010-2011. Participants were given a physical
examination and a laboratory evaluation, and 93 participants were followed-up after 5 years.
Results: AST/ALT was negatively correlated with waist circumference (WC), waist-to-hip
ratio, body mass index (BMI), diastolic blood pressure, triglycerides, low-density lipopro-
tein, uric acid, fasting insulin, and insulin resistance. It was positively correlated with high-
density lipoprotein. Multivariate logistic regression showed that the risk of MetS was 6.02
times greater in adolescents with the lowest, compared with the highest, AST/ALT. Central
obesity was the MetS component most closely associated with low AST/ALT [odds ratio
(OR) =5.13, 95% CI: 2.83, 9.28]. Five years later, baseline AST/ALT was negatively
correlated with WC (r=-0.21, P=0.046), BMI (r=-0.29, P=0.005) and fasting plasma
glucose (r=-0.25, P=0.017).

Conclusion: In adolescents, AST/ALT was significantly associated with MetS and its
components and predicted overweight/obesity in adulthood.

Keywords: metabolic syndrome, aspartate aminotransferase, alanine aminotransferase,

adolescents

Introduction

The annual incidence of metabolic syndrome (MetS) in children and adolescents in
China is increasing.! Early diagnosis of MetS is complicated® because the syn-
drome includes diverse components including blood lipids, blood glucose, and
blood pressure that must be evaluated at the same time. The availability of easily
measurable serum markers that are closely associated with MetS would be of great
help for early recognition of MetS. MetS can lead to abnormal hepatocyte meta-
bolism, fat deposition, and necrosis which is related to the necrosis and abnormal
metabolism of hepatocytes.® Changes in alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) reflect hepatocyte injury and liver function. Both ALT
and AST activity increase with liver injury and disease, but not in parallel. Elevated
transaminase activity is indicative of liver disease, but the AST/ALT ratio is
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correlated with severity and prognosis. Studies in adults*®
have shown that AST/ALT can be used as a marker of
multiple liver diseases, including nonalcoholic fatty liver
disease, which is closely related to MetS. Adolescents who
are still growing and developing have different metabolic
characteristics than adults, and there are no published on
the association of AST/ALT and the presence of MetS in
adolescents in China. There are also no prospective studies
of changes in AST/ALT and its relation to MetS when
adolescents enter adulthood. This study enrolled adoles-
cents at 11-16 years of age in Liaoyang, a city in northeast
China with medium-level economic development, with
follow-up after 5 years. The aim was to analyze the rela-
tionship between AST/ALT and MetS, and its related
components to add to our understanding of the pathophy-
siological role of transaminases in metabolic diseases, and
to provide a basis for novel serum markers of MetS in
adolescents.

Subjects And Methods

Study Design

Between December 2010 and January 2011, junior and
senior high school students in Liaoyang, were selected
by stratified cluster sampling. Study questionnaires were
sent to 3236 students, and written informed consent was
given by a legal guardian. A total of 935 students from
11-16 years of age with complete data were included in
the statistical analysis. The participants had no history of
anemia, diabetes, hypertension, or drug therapy; 47.5%
were girls. This study was conducted in accordance with
the Decaration of Helsinki and was approved by the
Medical Ethics Committee of Shengjing Hospital, China
Medical University.

Venous blood samples were collected at 7:00-9:00 in
the morning after a >10h fast. Height, weight, waist cir-
cumference (WC), and hip circumference were measured
by a trained physician before blood sample collection.
After sitting quietly for more than 10 mins, blood pressure
was measured twice using a desktop mercury sphygmo-
manometer and a 2 min interval between measurements.
The average systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were recorded. Blood samples were
transported to a central laboratory at Liaoyang Diabetes
Hospital. Plasma was obtained by centrifugation within
1 hr of collection. Fasting plasma glucose (FPG) was
assayed by the glucose oxidase method (Olympus 400,
Olympus Optical Company, Japan) within 2 hrs of

centrifugation. Serum low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG), AST, ALT and uric acid were deter-
mined by standard enzymatic methods. Some plasma was
stored at —80°C for assay of fasting insulin (FINS) and
high sensitivity C reactive protein by radioimmunoassay at
the China Institute of Atomic Energy, Beijing, China.
Body mass index (BMI) was calculated and reported as
kg/mz. The homoeostatic model assessment of insulin
resistance was calculated as HOMA-IR = fasting blood
glucose (mmol/L) x fasting insulin (WU/mL)/22.5. In July
2016, after approximately5 years, the subjects were fol-
lowed-up. As most of the young students had gone to
universities in other cities, only 93, 18-22 years of age,
and 46.2% women, were evaluated. The methods and
investigators were the same as at baseline. None of the
93 subjects had been diagnosed with a new chronic disease
or had begun taking long-term medications use during the
5 years.

Diagnostic Criteria

MetS was diagnosed at baseline in the 11-16-year-old adoles-
cents using the 2007 International Diabetes Federation (IDF)
diagnostic criteria.” Obesity was defined as a WC >90th
percentile (depending on race) and at least two of the follow-
ing: (1) FPG >5.6 mmol/L or a previous diagnosis of type 2
diabetes; (2) SBP >130mmHg or DBP >85mmHg; (3) HDL-C
<1.03 mmol/L; (4) TG >1.70 mmol/L. For subjects >16 years
of age, IDF adult diagnostic criteria were used, as described
below.

At follow-up 5 years later, all subjects >18 years of age,
and MetS was diagnosed with IDF adult criteria.® Central
obesity includes a WC >90 cm in Chinese men and >80 cm
in Chinese women. Adult obesity also required two of the
following: (1) TG >1.7 mmol/L (150 mg/dL), or on a specific
treatment for that lipid abnormality; (2) HDL-C <1.03 mmol/L
(40 mg/dL) in men and <1.29 mmol/L (50 mg/dL) in women,
or on a specific treatment for that lipid abnormality; (3) SBP
>130mmHg or DBP >85mmHg, or treatment of previously
diagnosed hypertension; (4) FPG >5.6 mmol/L (100 mg/dL),
or a previous diagnosis of type 2 diabetes.

At baseline, the subjects were stratified to a normal BMI
group and an overweight/obese group following the BMI
criteria for Chinese children and adolescents of the 2004
Chinese Working Group on Obesity.” At the 5-year follow-
up, the subjects had entered into early adulthood, and those
with a BMI >24 were defined as overweight/obese in accord
with the recommended standard for Chinese adults.'®
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Statistical Analysis

Statistical analysis was performed using SPSS17.0 software
for Windows (SPSS Inc., Chicago, IL, USA). The values of
normally distributed variables were compared by the
Kolmogorov—Smirnov test. Variables not normally distribu-
ted were logarithmically transformed. Normally distributed
continuous variables were expressed as means =+ standard
deviation. Variables not normally distributed were reported
as medians and interquartile range (IQR). Categorical data
were expressed as percentages and compared by the chi
square test. Analysis of variance was used for multiple com-
parison of normally distributed data. The Kruskal-Wallis
H-test was used for multiple comparisons of non-normally
distributed data. One-way generalized linear model analysis
was used multiple group comparisons after correcting for
confounding variables. Partial correlation was used to ana-
lyze the relationships of AST/ALT, MetS and other cardio-
vascular risk factors at baseline and after 5 years. Multiple
logistic regression was used to analyze the association of
baseline AST/ALT level and MetS, MetS components, and
other cardiovascular risk factors at baseline and after 5 years.
Differences with P <0.05 were considered statistically

significant.

Results

The Cross-Sectional Study
As shown in Figure 1, the mean AST/ALT ratio was signifi-
cantly higher in girls than boys (1.93 + 0.04 vs. 1.61 + 0.03,

(n) Boys(n=491)

P<0.001) (Figure 1). The AST/ALT ratio was higher in girls
than in boys regardless of the number of MetS components
that were present, and it decreased with an increase in the
number of MetS components (Figure 2). Table 1 shows the
clinical characteristics of study subjects stratified into three
AST/ALT tertiles from low to high, where T3 had the highest
value. As AST/ALT decreased, the prevalence of MetS
increased, and the percentage of boys with MetS increased
(both P<0.001). After adjusting for age and gender, TG, SBP,
waist-to-hip ratio (WHR), BMI, LDL-C, ALT, and uric acid
all increased (P<0.01) with the decrease of AST/ALT, and
FINS and HOMA-IR were increased (P<0.001). After
adjusting for age and gender the AST/ALT ratio was nega-
tively correlated with WC, WHR, BMI, DBP, TG, LDL-C,
FINS, HOMA-IR and uric acid, and positively correlated
with HDL-C (r=—0.44 to 0.07, P<0.05). The correlation of
AST/ALT and BMI (r=-0.44, P<0.001) was the strongest,
and that with HDL-C (=0.07, P=0.026) was the weakest
(Table 2).

Logistic regression analysis (Table 3) using group T3 as
the reference revealed that group T1 patients, who had the
lowest AST/ALT ratio, had a significantly increased risk of
MetS [odds ratio (OR) =5.65, 95% confidence interval (CI):
2.70, 11.82], which persisted after adjusting for age, gender,
family history of diabetes, HOMA-IR, and high sensitivity
C reactive protein (OR=6.02, 95% CI: 1.93, 18.76). The
most closely related MetS component was central obesity
(OR=5.13, 95% CI: 2.83, 9.28), followed by hypertension
(OR=1.70, 95% CI: 1.07, 2.72) and hypertriglyceridemia

(n) Girls(n=436)
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Figure | AST/ALT in boys and girls.
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Table 2 Relation Of AST/ALT And MetS Risk Factors
Characteristic r P
WC (cm) -0.36 <0.001
g WHR ~0.20 <0.001
2 BMI (kg/m?) —0.44 <0.001
= SBP(mmHg) —0.14 <0.001
j DBP(mmHg) -0.02 0.462
g TG (mmol/L) -0.25 <0.001
¢ HDL-C (mmoliL) 0.07 0.026
LDL-C (mmol/L) —0.13 <0.001
FPG (mmol/L) —0.06 0.065
Uric acid (umol/L) -0.22 <0.001
FINS(ulU/mL) —0.31 <0.001
1 2 3 4 5 HOMA-IR -0.32 <0.001

The number of MetS components

Figure 2 Mean AST/ALT in girls and boys stratified by the number of MetS

components.

Note: Partial correlation coefficient after adjusting for gender and age.
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-
to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma insulin;
HOMA-IR, homoeostatic model assessment for insulin resistance.

(OR=2.45, 95% CI: 1.08, 5.52). Decreased AST/ALT ratio

was associated with increased risk of central obesity
(OR=5.13, P<0.001), hypertension (OR=1.70, P=0.008),
hypertriglyceridemia (OR=2.45, P=0.018),

weight/obesity (OR=9.18, P<0.001) (Figure 3).

and over-

Follow-Up Study

Of the 93 subjects who participated in the follow-up study,
the 27 who were in group T1 at baseline and renamed
group T1-F at follow-up. Similarly, group T2-F included

Table | Clinical Characteristics Of The Study Subjects By AST/ALT Tertiles

Characteristic T3 T2 TI P Padj
(n=312) (n=311) (n=312)

AST/ALT 2.67 = 0.05 1.56 + 0.0l 1.04 + 0.0l <0.001

MetS (%) 9 (2.9 18 (5.9) 43 (14.6) <0.001

Gender (M, %) 134 (42.9) 163 (52.4) 194 (62.2) <0.001

Age (year) 14.29 + 0.089 13.34 + 0.074 13.58 + 0.079 <0.001

Family history (Yes,%) 134 (27.3) 163 (33.2) 194 (39.5) 0.202

WC (cm) 74.84 £ 0.55 74.38 £ 0.52 8l.11 £ 0.65 <0.001 <0.001
WHR 0.80 * 0.00 0.81 = 0.00 0.83 = 0.00 <0.001 <0.001
BMI (kg/m?) 2021 £0.19 20.75 £ 0.20 23.82 £ 0.26 <0.001 <0.001
SBP (mmHg) 115.90 + 0.76 116.64 + 0.72 130.08 + 0.86 <0.001 0.001
DBP (mmHg) 72.68 £ 0.61 73.24 £ 0.59 73.37 £ 0.66 0.703 0.424
TG (mmol/L) 0.83 (0.59, 1.20) 0.95 (0.67, 1.30) 1.07 (0.75, 1.48) <0.001 <0.001
HDL-C (mmol/L) 1.00 (0.88, 1.20) 1.14 (0.93, 1.33) 1.06 (0.84, 1.28) 0.001 0.023
LDL-C (mmol/L) 3.29 (3.24, 3.40) 3.34 (3.25, 3.51) 3.35 (3.26, 3.51) <0.001 0.001
FPG (mmol/L) 4.72 £ 0.03 4.48 + 0.03 4.83 + 0.04 0.99 0.334
HbA I c(%) 5.45 030 541 £037 543 £0.26 0.337 0.245
AST (U/L) 17.48 + 0.23 17.08 + 0.36 18.00 + 0.43 0.175 0.304
ALT (U/L) 7.08 £0.13 10.98 + 0.22 19.87 + 1.04 <0.001 <0.001
Uric acid (umol/L) 292.08 + 4.45 303.24 + 4.83 339.24 + 5.66 <0.001 <0.001
FINS (ulU/mL) 16.00 (11.30, 21.00) 17.50 (13.00, 24.00) 21.00 (16.00, 29.00) <0.001 <0.001
HOMA-IR 3.35 (2.34, 451) 3.76 (2.81, 5.12) 4.48 (3.37, 6.31) <0.001 <0.001

Notes: TI, tertile |; T2, tertile 2; T3, tertile 3. Padj, significance after adjusting for gender and age.

Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma
insulin; HbAc, glycosylated hemoglobin; HOMA-IR, homoeostatic model assessment for insulin resistance.
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Table 3 Association Of AST/ALT With MetS, MetS Components

And Overweight/obesity

T3
(n=312)

T2
(n=311)

TI
(n=312)

Correlation between AST/ALT ratio and MetS

Model |
Model 2
Model 3
Model 4
Model 5
Model 6

1.0 (reference)
1.0 (reference)
1.0 (reference)
1.0 (reference)
1.0 (reference)

1.0 (reference)

2.07 (0.92, 4.68)
1.92 (0.83, 4.43)
1.85 (0.80, 4.28)
1.78 (0.75, 421)
2.77 (0.83, 9.27)
2.76 (0.82, 9.28)

5.65 (2.70, 11.82)%*
482 (227, 10.26)%
469 (220, 9.98)*
3.39 (1.54, 747y
5.96 (1.92, 1851y
6.02 (1.93, 18.76)"*

Correlation between AST/ALT ratio and MetS compon

ents

Central
obesity
Hypertension
High
triglycerides
Low HDL-C
Hyperglycemia

1.0 (reference)

1.0 (reference)

1.0 (reference)

1.0 (reference)

1.0 (reference)

150 (0.79, 2.84)

1.04 (0.65, 1.68)
143 (0.63, 3.27)

0.54 (0.36,0.81)"
072 (032, 1.62)

5.13 (2.83, 9.28)*

1.70 (1.07, 2.72)*
2.45 (1.08, 5.52)*

0.75 (049, 1.14)
055 (0.23, 1.36)

Correlation between AST/ALT ratio with Overweight/Obesity”

1.0 (reference) 271 (1.56,473)% | 972 (561, 1681)*

Notes: T1, tertile |; T2, tertile 2; T3, tertile 3. ¥**P<0.01, *P<0.05 vs TI. Model:
logistic regression analysis. Model |: adjusting for no factor. Model 2: adjusting for
age and gender. Model 3: model 2+family history of diabetes. Model 4: model 3+
HOMA-IR. Model 5: model 4+ hs-CRP. Model6: model 5+leptin. “On the basis of
model 6. Overweight/Obesity defined by BMI 224.

Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR,
waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS,
fasting plasma insulin;, HOMA-IR, homoeostatic model assessment for insulin
resistance.

32 subjects, and group T3-F included 35. There were no
significant differences in the clinical characteristics and
baseline serum laboratory test values in the 93 follow-up

OR (95% CI) P

MetS -{[¢ T1 —— 6.02(1.93, 18.76) <0.001
| H—4—  276(0.82, 9.28) 0.0914
Central obesity - 5.13(2.83, 9.28) <0.001
¢ b— 150 (0.79, 2.84) 0.0914
Hypertension — - 1.70 (107, 2.72) 0.0082
’ - 1.04(0.65, 1.68) 0.2533
High triglycerides | —— 2.45(1.08, 5.52) 0.0178
. " 143(0.63, 327) 0.7771
Low HDL-C O 0.75(049, 1.14) 0.9381
g 0.54(0.36, 0.81) 0.0071
Hyperglycemia — —— 0.55(0.23, 1.34) 02444
[ 0.72(0.32, 1.62) 0.9204
Overweight/Obesity O+ 9.72(5.61, 16.81) <0.001
: - 271(156, 4.73) <0.001
0.1 1 10

Figure 3 Odds ratios (ORs) of MetS components and overweight/obesity at
baseline.

subjects and those enrolled in the original investigation,
but did not participate in the follow-up evaluation
(Supplemental Table 1). The follow-up subjects were

thus representative of the entire study population. The
decrease in baseline AST/ALT from T3-F to T1-F, was
associated with increase of WC, TG, and BMI at 5 years
(all P<0.01) (Table 4). The results of partial correlation
analysis of AST/ALT and MetS risk factor values after
5 years are shown in Table 5. After adjusting for age and
gender, baseline AST/ALT was found to have significant
negative linear correlations with WC (r=—0.21, P=0.046),
BMI (r=—0.29, P=0.005) and FPG (=-0.25, P=0.017).
Using the T3-Ftertile, which had the highest AST/ALT
ratio, as the reference, logistic regression analysis
(Table 6) showed that after adjusting for age and gender,
the T1-F group, which had the lowest baseline AST/ALT
ratio, was at increased risk of MetS and the presence of
MetS components at 5 years, but the increase was not
significant (Figure 4). As only one of the 93 patients had
high blood glucose, hyperglycemia was not included in the
logistic regression analysis. Figure 4 shows that baseline
AST/ALT was significantly correlated with the risk of
overweight/obesity after 5 years. The T1-F group had a
significantly higher risk of overweight/obesity compared
with the T3-F group (OR=4.86, 95% CI: 1.54, 15.30,
P<0.01).

Discussion
This cross-sectional study found that in this group of 935
adolescents from Liaoyang China those with decreased
AST/ALT ratios were at increased risk of MetS. The value
of the AST/ALT ratio was negatively correlated with levels
of cardiovascular risk factors as BMI, LDL-C, systolic BP
and HOMA-IR. Decreased AST/ALT ratio was an indepen-
dent risk factor of MetS and MetS components, and central
obesity, hypertension, and hypertriglyceridemia were the
most closely associated with the AST/ALT value. The pro-
spective study showed that the baseline AST/ALT value
was negatively correlated with BMI and some MetS com-
ponentsat5 years, and that the AST/ALT at adolescence was
predictive of overweight/obesity in early adulthood.
AST/ALT is an indicator of damage of liver cells, and
is useful in evaluating the severity of liver fibrosis and

cirrhosis,*!1-12

and the clinical significance of the AST/
ALT ratio has been well described,'? and previous studies
1416 reported that the AST/ALT ratio was more

accurate in predicting the risk of MetS or MetS compo-

in Asia

nents than AST or ALT alone. However, few data are
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Table 4 Clinical Characteristics Of Subjects At 5-Year Follow-Up By AST/ALT Tertiles

Items T3-F T2-F TI-F P
(n=27) (n=31) (n=35)
Age (vear) 20.44 + 0.26 19.58 + 0.21 20.06 + 0. 25 0.056
Gender (M,%) 12 (44.4) 17 (54.8) 21 (60.0) 0471
WC (cm) 77.85 + 1.85 8152 + 1.62 86.11 + 1.86 0.006
WHR 0.85 + 0.01 0.84 + 0.03 0.86 + 0.0 0.729
BMI (kg/m?) 2124 + 057 22.19 + 0.64 2454 + 0.72 0.002
SBP (mmHg) 115.34 +2.32 [16.55 + 2.23 120.70 + 2.17 0.208
DBP (mmHg) 79.65 + 1.68 78.14 + 1.45 79.16 + 157 0.793
TG (mmolil) 0.78 (0.66, 1.14) 0.97 (0.68, 1.21) 131 (0.87, 1.71) 0.009
HDL-C (mmol/L) 1.05 (0.87, 1.22) 1.01 (0.92, 1.08) 0.94 (0.83, 1.04) 0.095
LDL (mmol/L) 1.99 (1.81, 2.26) 1.94 (1.73, 2.32) 221 (1.79, 2.56) 0212
FPG (mmol/L) 432£0.10 4.04 £ 0.09 4.18 £ 0.093 0.132
FINS (ulU/mL) 8.83 (7.48, 10.47) 8.68 (7.22, 10.21) 10.15 (8.24, 12.61) 0.017
HOMA-IR 1.71 (1.37, 2.08) 1.55 (1.31, 1.81) 1.90 (1.48, 2.43) 0.032

Notes: TI-F, the follow-up group from tertile |; T2-F, the follow-up group from tertile 2; T3-F, the follow-up group from tertile 3.
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma

insulin; HOMA-IR, homoeostatic model assessment for insulin resistance.

Table 5 Relation Of AST/ALT And MetS Risk Factors After 5
Years

Items r P

WC (cm) -0.21 0.046
WHR 0.01 0.933
BMI (kg/m?) -0.29 0.005
SBP(mmHg) 0.12 0.274
DBP(mmHg) 0.12 0.262
TG (mmol/L) —-0.02 0.861
HDL-C (mmol/L) —-0.05 0.674
LDL-C (mmol/L) -0.12 0.253
FPG (mmol/L) -0.25 0.017
Uric acid (umol/L) —-0.03 0.753

Note: Partial correlation coefficient after adjusting for gender and age.
Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-
to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma insulin;
HOMA-IR, homoeostatic model assessment for insulin resistance.

available on the relationship of AST/ALT and MetS in

17.18 and there have no studies

children and adolescents,
have been conducted in Chinese teenagers. This is the first
study to analyze the relationship between AST/ALT and
MetS components in Chinese adolescents, and to investi-
gate the ability of AST/ALT at adolescence to predict adult
overweight/obesity and other risk factors for cardiovascu-
lar disease. There was a significant gender difference in
the level of AST/ALT ratio, and regardless of the number
of MetS components, the AST/ALT ratio was higher in

female than in male subjects. That result differed from the

findings of a previous report in Mexican children.'® In this
study, baseline data in adolescents was predictive of obe-
sity and metabolic abnormalities in adulthood. However,
an association of adolescent the AST/ALT ratio and MetS
in adulthood was not observed at the 5-year follow-up,
which was probably the result of different MetS diagnosis
criteria in adolescence and adulthood. Nevertheless, the
close relationship of the baseline AST/ALT value and
BMI after 5 years supports the ability of AST/ALT to
predict abnormal metabolism in adulthood.

In both adolescence and adulthood, WC, TG and BMI
were higher in subjects with a low baseline AST/ALT
than in those with a high baseline AST/ALT, which
suggests that the correlation of AST/ALT and MetS
may be mediated by abdominal obesity and high blood
TG. AST/ALT was also negatively correlated with insulin
resistance (r=—0.032, P<0.001), which is consistent with
the involvement of abdominal obesity and insulin resis-
tance in the pathogenesis of MetS.'” Liver enzymes are
markers of liver fat content, a fatty liver is a sign of
increased visceral fat, and increased visceral fat content is
related to insulin resistance. It is thus plausible that the
AST/ALT ratio is indicative of visceral fat inflammation,
insulin resistance, and predictive of MetS and over-
weight/obesity.

The study has limitations. First, because there was no
screening of hepatitis viruses or ultrasound examination of
the liver, gall bladder, and spleen, elevation of liver
enzyme levels caused by other reasons cannot be
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Table 6 Association Of AST/ALT, MetS, And MetS Components After 5 Years

T3-F
(n=27)

T2-F
(n=31)

TI-F
(n=35)

Correlation between AST/ALT ratio and MetS after 5 years”

Model 1.0 (reference)

273 (027, 27.24) 361 (0.38, 3421)

Correlation between AST/ALT ratio and

MetS components after 5 years”

Central obesity 1.0 (reference)

Hypertension 1.0 (reference)
High triglycerides

Low HDL-C

1.0 (reference)

1.0 (reference)

2.55 (0.77, 8.47)
0.90 (0.26, 3.13)
0.37 (0.07, 2.04)
0.99 (0.32, 3.03)

3.05 (0.95, 9.82)
0.74 (0.23, 2.41)
143 (0.36, 5.67)
152 (0.52, 1.13)

Correlation between AST/ALT ratio with Overweight/Obesity”

1.0 (reference)

0.84 (0.23, 3.02) 486 (1.54, 15.30) **

Notes: TI-F, follow-up group from tertile |; T2-F, follow-up group from tertile 2; T3-F, follow-up group from tertile 3; T3-F was used as reference; **P<0.001; *after
adjusting for gender and age. Hyperglycemia was not considered in this logistic regression analysis due to there was only one subject had hyperglycemia in this follow-up

sample.

Abbreviations: MetS, metabolic syndrome; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; FINS, fasting plasma

insulin; HOMA-IR, homoeostatic model assessment for insulin resistance.

completely ruled out. Second, the relatively small number
of subjects who were evaluated at followed-up was rela-
tively small, which may have introduced study bias.
Expanding the follow-up sample size and duration will
help further clarify the relationship between AST/ALT
and metabolic diseases during the development from ado-
lescence to adulthood. The prevalence of obesity, type 2
diabetes, and other metabolic diseases in Chinese adoles-
cents is increasing.”’ The AST/ALT ratio would be useful
for epidemiological screening and as a simple and effec-
tive serum marker of MetS. It also has practical value in
adolescence to help predict metabolic status in adulthood.

OROO5%CI) P

Central obesity (¢ T1-F —e—  3.05(0.95 9.82) 0.061

® T2-F H—4—  255(0.77, 847) 0.127

Hypertension —| ——i 0.74 (0.23, 2.41) 0.611
—e— 0.90 (0.26, 3.13) 0.870

High triglycerides — —— 1.43(0.36, 5.67) 0.613
L —— 0.37(0.07, 2.04) 0.252

Low HDL-C —— 1.52(0.52, 4.44) 0.347
—— 0.99(0.32, 3.03) 0.639

Overweight/Obesity — —— 4.85(1.54, 15.30) 0.007
—— 0.84(0.23, 3.02) 0.786

T T

0.1 1 10

T

Figure 4 Odds ratios (ORs) of MetS components and overweight/obesity after 5
years.
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