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ABSTRACT
Previous studies suggested that elevated liver enzymes could be used as potential 

novel biomarkers of Metabolic syndrome (MetS) and its clinical outcomes, although 
the results were inconsistent and the conclusions were underpowered. A case-control 
study with 6,268 MetS subjects and 6,330 frequency-matched healthy controls was 
conducted to systematically evaluated levels of four liver enzymes (ALT, AST, GGT and 
ALP), both in overall populations and in subjects with normal liver enzymes, with MetS 
risk using both quartiles and continuous unit of liver enzymes. We found significant 
associations were detected for all above analyses. Compared with quartile 1 (Q1), 
other quartiles have significant higher MetS risk, with ORs ranging from 1.15 to 18.15. 
The highest effected was detected for GGT, for which the OR value for the highest 
versus lowest quartile was 18.15 (95% CI: 15.7-20.9). Mutual adjustment proved the 
independence of the relations for all four liver enzymes. Sensitivity analyses didn’t 
materially changed the trend. To the best of our knowledge, this study should be the 
largest, which aimed at evaluating the association between liver enzymes measures 
and MetS risk. The results can better support that liver enzyme levels could be used 
as clinical predictors of MetS. 

INTRODUCTION

Metabolic syndrome (MetS) is a constellation of 
conditions, increased blood pressure, high blood sugar 
level, excess body fat around the waist and abnormal 
cholesterol levels, that occur together, increasing the 
risk of heart disease, stroke, insulin resistance, diabetes, 
and nonalcoholic fatty liver disease (NAFLD) [1-4]. 
According to the Third National Health and Nutrition 
Examination Survey of United States, the prevalence of 
MetS has been an estimated 34% of the adult population 

[5]. The predominant underlying risk factor for the s MetS 
appear to be abdominal obesity [6-8]. However, not all 
obese develop the syndrome and even lean individuals 
can be insulin resistant, which was highly related with 
MetS [9]. The MetS can be clinically manifested in a 
variety of ways, which brings some difficulties for the 
clinical diagnosis of MetS. Recent experimental and 
clinical studies showed that liver enzymes might be novel 
candidate biomarkers for MetS and its clinical outcomes 
[10-13].

To present, plasma level of liver enzymes, 
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including Alanine transaminase (ALT) and Aspartate 
aminotransferase (AST), commonly used as the indicators 
of liver damage, and Gamma-Glutamyl Transpeptidase 
(GGT), a biomarker for oxidative stress associated with 
glutathione regulation, and alkaline phosphatase (ALP), 
were widely explored as the indicators of MetS and 
its components among different populations [14-25]. 
However, the results were inconsistent, and sample size 
were limited and underpowered (most of the sample size 
was smaller than 1000). Given the plausible role for liver 
enzymes in MetS development and the conflicting results 
of previous studies, we conducted this study to strength 
the understanding of relations between liver enzymes and 

MetS risk, using: (1) a frequency matched case-control 
study design; (2) a large sample size among Chinese 
adolescents (6,268 MetS subjects and 6,330 healthy 
controls); (3) we performed the studies in the overall 
sample and in participants with normal liver enzyme 
values.

RESULTS

Totally included in this study were 6,268 MetS 
subjects and 6,330 healthy controls. As shown in Table 
1, MetS subjects are slightly elder than healthy controls, 
lower educated, more like to be smokers and drinkers. 

Table 1: Clinical characteristics of the study population.
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MetS subjects also have lower participating rate of 
sporting, compared with healthy controls. Table 1 also 
lists the comparison of five MetS components and four 
liver enzymes levels between MetS subjects and healthy 
controls. Obviously, the values in MetS subjects were 
higher than those in healthy controls.

Table 2 shows the results of logistic regression 
analysis for the presence of MetS in relation with liver 
enzymes adjusting for age, gender, and education level. 
We first explored the associations between MetS risk 
and quartiles of liver enzymes. We set the first quartile 
as the referent, and all of the four liver enzymes showed 
statistically significant linear increased risk (P < 0.001). 
Compared with quartile 1 (Q1), other quartiles have 
significant higher MetS risk, with ORs ranging from 1.15 
to 18.15. The highest effected was detected for GGT, 
for which the OR value for the highest versus lowest 
quartile was 18.15 (95% CI: 15.7-20.9). Furthermore, 
We also analyzed the associations between MetS risk 
and continuous unit of liver enzymes. Significant trends 
were found for increasing unit of ALT, AST, GGT and 

ALP (per 5 unit). The smallest effect size was for ALP 
(OR: 1.09, 95% CI: 1.08-1.10), and the largest was for 
ALT (OR: 1.41, 95% CI: 1.38-1.43). We then conducted 
stratified analyses by gender for the relations between 
MetS risk and liver enzymes, using both quartiles and 
continuous unit of liver enzymes (Table 3). The ORs was 
bigger in males for ALT and AST, while the ORs was 
bigger in females for GGT and ALP. In mutually adjusted 
models which include all of the four liver enzymes in the 
logistic regression model, they all remained significantly 
associated with MetS risk, which means the independence 
of their relations.

The robustness of these findings was evaluated by 
sensitivity analyses. First, Additional adjustments were 
conducted for the a variety of factors which were shown 
in Table 1. None materially changed the trend, and none 
of the risk estimates changed by more than 5% when 
included. Second, we restrict the liver enzymes to levels 
of within-normal-limits. The significant trend kept and the 
risk estimates became stronger (Table 4).

Table 2: Logistic regression analysis for the presence of MetS in relation with liver enzymes.
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DISCUSSION

In this large, population-based case-control study 
with 6,268 MetS subjects and 6,330 healthy controls, we 
systematically evaluated levels of four liver enzymes, both 
in overall populations and in subjects with liver enzymes 
within-normal-limits, with MetS risk using both quartiles 
and continuous unit of liver enzymes. We also conducted 
stratified analyses by gender for the relations between 
MetS risk and liver enzymes. Significant associations were 
detected for all above analyses, and mutual adjustment 
proved the independence of the relations for all four liver 
enzymes. Sensitivity analyses didn’t materially changed 
the trend. To the best of our knowledge, this study should 
be the largest, which aimed at evaluating the association 
between liver enzymes measures and MetS risk, and the 
findings filled the inadequacies of past data.

MetS can increase the risk of cardiovascular 
diseases and diabetes [26], and nonalcoholic fatty liver 
disease (NAFLD) has recently been recognized as one of 
the leading causes of MetS, diabetes, and cardiovascular 

diseases [27]. Considering serum biomarkers of liver 
enzymes being sensitive in the detection of NAFLD, it 
could be hypothesized that liver enzymes might be novel 
candidate biomarkers for MetS and its clinical outcomes. 
GGT and ALT chould be used to predict the deposition 
of fat in liver cells and, therefore, indicating a change in 
visceral fat [28]. Changes in visceral fat were achieved 
through inactivation of PPAR, then followed by MetS, 
insulin resistance, atherosclerosis and other cardiovascular 
[29, 30]. Previous epidemiological studies [20, 27, 31-
42] have also suggested that liver enzymes showed high 
sensitivity to metabolic disorders, and liver enzymes as 
a diagnostic tool for the MetS is also very important, 
although using small sample size. 

In current study, we compares the levels of liver 
enzymes (ALT, AST, GGT, and ALP) between the healthy 
population and subjects with MetS, using a relatively 
large sample size (6,268 MetS subjects and 6,330 healthy 
controls). ORs values and corresponding confidence 
intervals (95% CI) by quartile method and continuous unit 
of liver enzymes. The results confirmed that liver enzyme 

Table 3: Logistic regression analysis for the presence of MetS in relation with liver enzymes stratified by gender.

Table 4: Logistic regression analysis for the presence of MetS in relation with liver enzymes within-normal-limits.
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levels of people with metabolic syndrome were far higher 
than those of healthy population, which further confirmed 
the existence of a link between the liver enzymes and 
MetS risk. At the same time, all of the study population 
were grouped according to gender. After being corrected 
for age and educational level, the results have shown 
that all the associations were statistically significant (p < 
0.001). No matter in male, or in female population, liver 
enzyme levels were positively correlated with MetS risk. 
The results of this study could better improve the historical 
data to determine the relationship between liver enzymes 
and MetS development, and provide a more robust 
evidence to support the clinical diagnosis of the metabolic 
syndrome. Further, some studies [36, 38, 41] indicated that 
ALT level within the normal range was associated with the 
metabolic syndrome and its components. This indicated 
that in clinical diagnosis, the level of liver enzymes 
might change without departing from the normal range, 
but may indicate early metabolic disorder occurs. Thus, 
in the sensitivity analyses, we also tried to restrict the 
liver enzymes to levels of within-normal-limits. Then, the 
significant trend of the relations kept and the risk estimates 
became stronger, which is consistent with the previous 
findings. 

Strengths of this study included the large sample 
size, the population-based study design, the high 
participation rate, the homogeneous ethnic background. 
Further studies are warranted to confirm our findings, 
and results derived from other populations are needed to 
better understand the complicated mechanisms of MetS. 
In conclusion, this study determined that the liver enzyme 
levels are indeed associated with the MetS risk, both in 
overall populations and in subjects with liver enzymes 
within-normal-limits. Combined with previous findings, 
the results can better support that liver enzyme levels can 
be used as clinical predictors of MetS. 

MATERIALS AND METHODS

The methods were carried out in “accordance” with 
the approved guidelines.

Definition of metabolic syndrome

The MetS was defined using the modified National 
Cholesterol Education Program/Adult Treatment Panel 
III criteria for Asian Americans as having ≥3 of the 
following components [6]: waist circumference ≥90 cm 
in men or ≥80 cm in women; triglycerides ≥1.7 mmol/L; 
HDL cholesterol <1.03 mmol/L in men or <1.30 mmol/L 
in women; blood pressure ≥130/85 mm Hg or taking 
antihypertensive medications; or fasting glucose ≥5.6 
mmol/L, or taking antidiabetic medications.

Study population

The present study is part of the Health Survey of 
Adolescent Population in Chongqing (HSAPC), China, an 
ongoing project conducted at the first affiliated hospital 
of Third Military Medical University since March, 2011. 
This is a relatively large cohort of individuals who visit us 
for a routine annual check-up. Written informed consent 
for participation according to the instructions of the 
institutional ethics committee. Epidemiological survey 
was conducted using a structured questionnaire. Until 
July, 2014, a total of 57,141 subjects were included in 
this cohort. According to the definition of MetS above, 
6,268 subjects free of diabetes mellitus and liver diseases 
were diagnosed as MetS. Healthy controls (without any 
of the five components of MetS above, N = 6,330) were 
frequency matched with the MetS subjects by residency 
area, gender, and age group (±5 years old). Fasting 
peripheral venous EDTA blood samples were collected 
and centrifuged at 4°C and 3000 rpm for 15 minutes. 
Human participant Institutional Review Board (IRB) 
approval was obtained from the IRB of Third Military 
Medical University.

Measurements

The waist circumference (WC) was measured at a 
level midway between the lowest lateral border of the ribs 
and the uppermost lateral iliac crest in standing position. 
Blood pressure was measured manually by a calibrated 
aneroid sphygmomanometer. The mean of all three values 
were used as the systolic (SBP) and diastolic blood 
pressure (DBP). Plasma fasting glucose, total cholesterol, 
high-density lipoprotein (HDL) cholesterol, low-density 
lipoprotein cholesterol, triglycerides, and liver enzymes 
were measured enzymatically on an automatic analyzer 
(Hitachi High Technology Co, Tokyo, Japan).

Statistical analyses

All data was summarized as mean (standard 
deviation [SD]) for the continuous variables and as 
number of patients (expressed as a percentage) in each 
group for the categorical variables. Characteristics of 
the study population between MetS subjects and healthy 
controls were compared using the t test and chi-square 
test as appropriate. In order to characterize the population, 
we divided the subjects into quintiles of each of the four 
liver enzymes according to the distribution among healthy 
controls. Unconditional logistic regression models were 
used to evaluate the association between quartiles of liver 
enzymes and risk of MetS. Adjusted odds ratios (ORs) and 
their corresponding 95% confidence intervals (CIs) were 
derived from logistic regression models after adjusting for 
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potential confounders including age, gender, and education 
level. All statistical tests were 2-sided and 0.05 was set as 
the cut point of P value. All analyses were conducted using 
SAS, version 9.3 (SAS Institute, Cary, North Carolina). 
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