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Abstract: Objective: This study aimed at researching the cut-off level of liver enzyme and serum lipid to predict the
risk of nonalcoholic fatty liver disease (NAFLD) in people who live in the Eastern China, which could provide a new
insight for prevention of NAFLD. Methods: This study statistics were obtained from 2014 SPECT-China data base.
4448 subjects were included in this study. According to Ultrasonic diagnosis, they were divided into 2 groups: nor-
mal group (NG) and nonalcoholic fatty liver disease group (FDG). We analyzed the difference of liver enzyme, serum
lipid, body mass index (BMI), waist-to-hip ratio (WHR) between the two groups and study the correlation between
the liver enzyme, lipid profile, BMI, WHR and NAFLD. Results: (1) The ratio of NAFLD in Eastern China was 15%.
It was higher in males than in females (P<0.01). (2) Compared with control group, the alanine aminotransferase
(ALT), aspartate aminotransferase (AST), serum total triglycerides (TG), serum total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), BMI and WHR values were all higher in the NAFLD group. (3) The multi-factor logistic
regression analysis revealed that ALT, TG, BMI and WHR were the independent risk factors for female during the
development of NAFLD, and ALT, TG, LDL-C, BMI and WHR were the independent risk factors for male. (4) The ROC
curve showed that ALT or TG could be used as predictor of NAFLD, and the area under the curve (AUC) were 0.70,
0.75 for female, and 0.67, 0.71 for male. Additionally, for female the cut-off level of ALT and TG were 17.5 U/L, 1.39
mmol/L, whereas the cut-off level of ALT and TG were 22.5 U/L, 1.35 mmol/L for male. Conclusion: ALT or TG could
be used as the predictor of NAFLD.
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Introduction Liver biopsy is the gold standard for NAFLD
diagnosis. However, there are many limitations
to the use of a liver biopsy including cost, sam-
pling error, and invasion [4]. It is necessary to

find a safe, noninvasive, and relatively inexpen-

Nonalcoholic fatty liver disease (NAFLD) has
gradually become one of the most common
liver diseases in the world [1]. NAFLD encom-

passes a wide spectrum of conditions, ranging
from simple fatty steatosis to nonalcoholic ste-
atohepatitis (NASH), cirrhosis, liver failure and
hepatocellular carcinoma (HCC), without exces-
sive alcohol consumption [2]. Previous studies
have shown that the early stage of the disease
may be reversible, so it is crucial to control the
development of NAFLD with early detection,
early diagnosis and early treatment [3]. Unfor-
tunately, in the early stage of NAFLD, there is
lack of specific clinical manifestations, thus it is
not easy to early detection and treatment.

sive means for detecting NAFLD.

Recent studies have shown that NAFLD has
many relevant factors, such as liver enzymes,
lipid profile, BMI, WHR, blood pressure, fasting
plasma glucose and so on [5-7]. In some stud-
ies, ALT has been used as a surrogate marker
for NAFLD, because it is specific for both liver
injury and fat accumulation [8, 9]. However, so
far there has no epidemiological survey report-
ed the cut-off level of relevant factor to predict
the risk of NAFLD in China. In this paper, we
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[ Total subject (n=7200)

[ 2014 SPECT-China database (n=6899) ]

and lived in current residence
for 6 months or longer were
selected and invited into our
study. Excluding those having
communication problems, ac-
ute disease, or unwilling to

—{ Excluding alcohol-drinker ]

attend, 7200 people in total

Excluding other disease that
can cause fatty liver

attended this study. In final,
we have enrolled 6899 sub-
jects, excluding 183 attend-
ees who had missing lab re-

—[ Excluding relevant drug-eater ]

sults (n=183), questionnaire

data (n=112) and were young-
er than 18 years old (n=6).

[ Subjects of this study (n=4448)

J The study protocol was app-

roved by the Ethics Committ-
ee of Shanghai Ninth People’s

[ normal group (n=3437) ]

[ NAFLD group (n=1011) ]

Hospital affiliated to Shang-
hai Jiaotong University School

Figure 1. Research object selection flow chart.

study the relationships of liver enzyme, lipids
profile and NAFLD, and find out the cut-off lev-
el of liver enzyme (alanine aminotransferase
(ALT), aspartate aminotransferase (AST)) and
serum lipid (serum total triglycerides (TQ),
serum total cholesterol (TC), high-density lipo-
protein cholesterol (HDL-D) and low-density
lipoprotein cholesterol (LDL-C)) to predict the
risk of NAFLD in Eastern China, through analyz-
ing their liver enzyme and lipid profile.

Methods
Subjects

2014 SPECT-China study: Eastern China is
composed of Shanghai and seven provinces,
with 395 million people, accounting for 29.2
percentage of the general population. SPECT-
China, with registration number of ChiCTR-
ECS-14005052 (www.chictr.org), is a popula-
tion-based cross-sectional survey on prevale-
nce of metabolic diseases and risk factors in
Eastern China. Stratified cluster sampling me-
thod was used in this research. The first level of
sampling was stratified by rural and urban area
and the second level was by area economic
development. From February to June 2014 this
study was performed in urban area in Shanghai
and lJiangxi Province, rural area in Shanghai,
Zhejiang and Jiangxi Province. Adults aged 18
years old and above who were Chinese citizens
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of Medicine. All attendees
have been informed consent
before data collection.

This study statistics were from 2014 SPECT-
China database. There are 4448 subjects
included this study, excluding the people who
had a history of drinking alcohol (>140 g/week
for men, >70 g/week for women), or had other
diseases that can cause fatty liver such as
virus hepatitis, drug-induced liver disease,
autoimmune liver disease and so on, or who
were treated with drugs that can influence liver
enzyme and serum lipid for nearly three
months. The subjects selection flow chart is
shown in Figure 1.

Methods
Diagnosis standards for NAFLD

The Diagnostic Criteria for NAFLD was stipulat-
ed by the Fatty Liver and Alcoholic Liver Disease
Study Group of the Chinese Society of Hepa-
tology and the Chinese Medical Association
[10, 11]. The details were as follows: (1) no his-
tory of drinking or drinking alcohol equal to
<140 g/week for men or <70 g/week for
women; (2) excluding other diseases that can
cause fatty liver such as virus hepatitis, drug-
induced liver disease, autoimmune liver dis-
ease, Hepatic Lenticular Disease and so on; (3)
imageology showed: (O the liver in the near
field presented fine spots and the echo was sig-
nificantly diffuse enhanced, @ the structure of
intrahepatic bile duct was obscurity, 3 the liver
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Table 1. Univariate analysis between NAFLD group and normal groups

Female Male
NG FDG P NG FDG P
Age (year) 50.54+£13.88 56.85+10.39 P<0.01  53.44+15.03 52+14.13 P=0.081
AST (mmol/L) 22.99+9.03 26.06+10.19 P<0.01 22.26+8.96 27.48+12.65 P<0.01
ALT (mmol/L) 17.94+12.08 24.67+15.41 P<0.01  22.98+14.99 32.57+22.30 P<0.01
LDL (mmol/L) 2.85+0.74 3.15+0.68 P<0.01 2.81+0.67 3.01+0.66 P<0.01
HDL (mmol/L) 1.55+0.31 1.39+0.28 P<0.01 1.36+0.30 1.22+0.25 P<0.01
TG (U/L) 1.32+1.01 2.14+1.82 P<0.01 1.45+1.26 2.24+2.21 P<0.01
TC (U/L) 5.00£1.01 5.38+0.97 P<0.01 4.86+0.93 5.10+0.94 P<0.01
BMI (Kg/m?) 23.07+3.14 27.41+3.45 P<0.01 23.35+3.34 26.52+3.20 P<0.01
WHR 0.82+0.07 0.88+0.07 P<0.01 0.87+0.08 0.91+0.07 P<0.01

Data were expressed as mean + SD. ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglycerides; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BMI, body mass index;
WHR waist-hip ratio; NG, normal group, FDG, nonalcoholic fatty liver disease group.

Table 2. Spearman correlation between risk
factor and NAFLD

Female Male
r P r P

Age 0.2 P<0.01 -0.05 0.08

AST 0.17 P<0.01 0.1 P<0.01
ALT 0.27 P<0.01 0.28 P<0.01
LDL 0.18 P<0.01 0.21 P<0.01
HDL -0.19 P<0.01 -0.23 P<0.01
TG 0.34 P<0.01 0.34 P<0.01
TC 0.16 P<0.01 0.13 P<0.01
BMI 0.45 P<0.01 0.44 P<0.01
WHR 0.34 P<0.01 0.26 P<0.01

ALT, alanine aminotransferase; AST, aspartate amino-
transferase; TG, triglycerides; TC, total cholesterol; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; BMI, body mass index; WHR
waist-hip ratio; NG, normal group; FDG, nonalcoholic fatty
liver disease group; r, coefficient of association.

was large and in full shape and the lower edge
of hepatic lobes were obtuse, @ the envelope
of right hepatic lobe and diaphragm were
unclear or the echo was obscurity, (satisfying
condition @ and any of the rest condition).

General conditions

In every study site, all the data collection was
performed by the same staff group from
Department of Endocrinology in Shanghai Ninth
People’s Hospital affiliated to Shanghai Jiao-
tong University School of Medicine. They were
trained according to a standard protocol that
made them familiar with the specific tools and
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methods used. Trained staff used a question-
naire to collect information about drinking his-
tory and drinking amount, past medical history
including hepatitis, other chronic liver diseases
and recent medical history.

Biochemical index examination

Venous blood samples were drawn after an
overnight fast of at least 8 h. The blood sam-
ples for biochemical index test were collected
into vacuum tubes with anticoagulant sodium
fluoride and centrifuged on the spot in 1 hour
after collection. The collected blood samples
were stored at -20°C and shipped in dry ice
within 2-4 hours by air to one central laborato-
ry, which was certified by the College of Am-
erican Pathologists. A BECKMAN COULTER AU
680 (Germany) automatic biochemical analyzer
was used for biochemical index tests, including
TC (total cholesterol), TG (triglycerides), HDL-C
(high-density lipoprotein cholesterol), LDL-C
(low-density lipoprotein cholesterol); ALT (ala-
nine aminotransferase); AST (aspartate amino-
transferase).

Imageological examination

The image examination used in this study was
B ultrasound. A mindray MX-35004882 color B
ultrasound system (General Electric, USA; con-
vex array probe; probe frequency 3.5 MHz) was
used. The operator was a experienced ultra-
sound doctor. According to their Ultrasonic
diagnosis, the 4448 subjects were divided into
2 groups: normal group (NG) and nonalcoholic
fatty liver disease group (FDG).

Int J Clin Exp Med 2017:10(5):8223-8229
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Table 3. Logistic regression analysis with NAFLD

than those in normal groups (P<0.01)
and the HDL-C in the NAFLD group

Female Male

OR 95% Cl P OR 95% Cl P was significantly less than it in nor-

Age 101 100102 001 100 099101 053 mal groups (P<0.01). For male, the
AST 099 0.97-1.01 0.25 0.98 0.96-1.00 0.07 age had no significant difference
between two groups; the AST, ALT,

ALT 1.03 1.01-1.04 0.00 1.03 1.01-1.04 0.00 LDL-C, TG, TC, BMI and WHR were all
LDL-C 1.21 0.83-1.77 032 5.60 3.27-9.57 <0.00 higher in the NAFLD group than
HDLC 0.30 0.180.49 <0.00 0.87 0.43-1.75 0.69 those in normal groups (P<0.01); the
TG 121 1.09-1.35 0.00 145 1.27-1.66 <0.00 HDL-C in the NAFLD group was sig-
TC 1.10 0.81-151 054 033 0.21-051 <0.00 nificantly less than it in normal
BMI 1.36 1.31-1.41 <0.00 1.24 118131 <0.00 groups (P<0.01). The data are shown

WHR 28.78 5.63-147.14 <0.00 11.29 1.23-103.66 0.03

in Table 1.

The variables entered the Logistic regression model include age AST ALT

LDL-C HDL-C TG TC BMI WHR. OR, odds ratio; 95% Cl, 95% confidence
interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cho-

Spearman correlation between age,
liver enzyme, lipid profile, BMI, WHR
and NAFLD

lesterol; LDL-C, low-density lipoprotein cholesterol; BMI, body mass index;

WHR waist-hip ratio.

Statistical analysis

All statistical analyses were performed using
SPSS software version 19. Data were expres-
sed as mean + SD. The x? test was used to
evaluate frequency variations. Kruskal-Wallis
Test was used for intergroup comparisons. The
Spearman correlation was used to analyze the
correlation between the relevant factors and
NAFLD. Logistic regression analysis was car-
ried out for multivariate analyses. Odds ratio
(OR) and their confidence intervals (Cl) were
used to assess the relevant factors of NAFLD.
The area under the curve (AUC) was used as a
measure of docimastic efficacy. The optimal
cut-off level was determined using the Youden
index [12]. P value <0.05 was taken to indicate
a significant difference.

Results
NAFLD ratio

Among the 6899 subjects, the ratio of NAFLD
was 15%, including 430 males (40%) and 632
females (60%). The ratio had significant differ-
ence between male and female, the incidence
of NAFLD in female was significantly higher
than that in male. (x?°=96.3, P<0.01).

Univariate analysis between NAFLD group and
normal groups

For female, the age, AST, ALT LDL-C, TG, TC, BMI
and WHR were all higher in the NAFLD group
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For female, the age, AST, ALT, LDL-C,

TG, TC, BMI and WHR had a positive
relationship with NAFLD (P<0.01) and the
HDL-C had a negative relationship with NAFLD
(P<0.01). For male, no significant correlation
was observed between the age and NAFLD; the
AST, ALT, LDL-C, TG, TC, BMI and WHR had a
positive relationship with NAFLD (P<0.01) and
the HDL-C had a negative relationship with
NAFLD (P<0.01). The data are shown in Table 2.

Logistic regression analysis with NAFLD

For female, when used NAFLD as a dependent
variable, we found that age, ALT, TG, BMI and
WHR were the independent risk factors for
NAFLD by using the logistic regression analysis.
For male, we found ALT, LDL-C, TG, BMI and
WHR were the independent risk factors to
NAFLD. The data are shown in Table 3.

ROC analysis of the variables for the prediction
of NAFLD

Logistic regression analyses revealed that, for
female, ALT, TG, BMI and WHR might be used
as predictor of NAFLD; for male, ALT, TG, LDL-C,
BMI and WHR might be used as a predictor of
NAFLD. Additionally, we measured the docimas-
tic efficacy of using ALT, TG, BMl and WHR as a
predictors of NAFLD through ROC curve and
AUC. For male, the AUC for ALT, TG, BMI and
WHR were 0.70 (CI 0.68-0.73), 0.75 (Cl 0.73-
0.77), 0.83 (0.83-0.85), 0.75 (0.73-0.77). For
male, we measured the docimastic efficacy of
using ALT, TG, LDL-C, BMI and WHR as predic-

Int J Clin Exp Med 2017;10(5):8223-8229
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Table 4. AUC, cut-off level, sensitivity and specificity of all risk factors of NAFLD

Female Male

AUC (95% ClI) Cut-off SEN SPE AUC (95% Cl) Cut-off SEN SPE
AST 0.62 (0.60-0.65) 23.50 0.53 0.66 0.56 (0.53-0.60) 20.50 0.81 0.29
ALT 0.70 (0.68-0.73) 17.50 0.67 0.63 0.67 (0.64-0.71) 22.50 0.62 0.66
LDL 0.63 (0.61-0.66) 2.33 0.90 0.24 0.63 (0.60-0.67) 2.55 0.80 0.38
HDL 0.64 (0.62-0.67) 1.43 0.58 0.38 0.64 (0.61-0.68) 1.35 0.76 0.53
TG 0.75 (0.73-0.77) 1.39 0.71 0.68 0.71 (0.68-0.74) 1.35 0.75 0.62
TC 0.62 (0.59-0.64) 3.90 0.95 0.12 0.58 (0.54-0.61) 4.17 0.85 0.23
BMI 0.83 (0.82-0.85) 18.50 1.00 0.06 0.77 (0.74-0.80) 19.96 0.98 0.02
WHR 0.75 (0.72-0.77) 0.73 1.00 0.10 0.66 (0.63-0.69) 0.81 0.94 0.21

ALT, alanine aminotransferase; AST, aspartate aminotransferase; TG, triglycerides; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; WHR waist-hip ratio; AUC, area under

the curve; SEN, sensitivity; SPE, specificity.

tors of NAFLD through ROC curve and AUC.
The AUC for ALT, TG, LDL-C, BMI and WHR were
0.67 (Cl 0.64-0.71), 0.71 (Cl 0.68-0.74), 0.63
(Cl 0.60-0.67), 0.77 (0.74-0.80), 0.66 (0.63-
0.69).

It is generally recognized that if AUC is less
than 0.7, the docimastic efficacy has little
value. Thus, for female, ALT, TG, BMI and WHR
could be considered as predictors of NAFLD;
for male, TG and BMI could be as predictors of
NAFLD. The data are shown in Table 4.

For female, the cut-off level of ALT, TG, BMI and
WHR were 17.5 U/L, 1.39 mmol/L, 18.5 and
0.73, and for male, the cut-off level of TG and
BMI were 1.35 mmol/L and 19.96, which were
figured out by Youden index (= sensitivity +
specificity - 1). The data are shown in Table 4.

Discussion

As the life style and diet structure change, the
prevalence of NAFLD increases every year
throughout the world. Epidemiological data
revealed that the prevalence rate of NAFLD in
general population was 10%-24% [13, 14]. Our
study also showed that the ratio of NAFLD of
Chinese in Eastern China was 15%, with men
accounting for 40 percent and women account-
ing for 60 percent of NAFLD. The ratio had sig-
nificant difference between male and female,
which were consistent with previously reported
[15, 16]. The possible reason might be that
females are more concerned about their
dietary allowance and shape than males,
resulting in lower rate of obesity and others
metabolic disorders.
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Due to the lack of understanding of the patho-
genesis of the disease, the diagnose and pre-
vention of NAFLD remains a difficult problem.
Additionally, many patients were undiagnosed
because of lacking of awareness of the disor-
der and absence of reliable noninvasive diag-
nostic tools. For these reasons, there is a
pressing need for a safe, noninvasive, and rela-
tively inexpensive diagnostic method. Several
studies had revealed that there were many risk
factors for NAFLD, such as gender, age, BMI,
waist circumference, WHR, insulin resistance,
blood pressure, blood lipid, liver enzyme and so
on [17-19]. Our study focused on investigating
the association between liver enzymes, lipid
profile, BMI, WHR and NAFLD. For female, the
age, AST, ALT, LDL-C, HDL-C, TG, TC, BMI and
WHR had significant correlations with NAFLD,
so did those factors for male except age. For
male, no significant correlation was observed
between the age and NAFLD. The possible rea-
son for it may be bias in our study, such as
selection bias-excluding those having commu-
nication problems, acute disease, or unwilling
to attend, information bias-medical record ac-
cording to the subjects’ recall.

Hepatocyte steatosis, caused by the accumula-
tion of excess triglycerides (TG) in the liver, is
one of the major features of NAFLD [20]. ALT is
very close to hepatocyte steatosis among liver
enzymes (such as AST, ALT, y-GGT) [21]. Epi-
demiological studies indicated that TG and ALT
were the independent risk factors for the devel-
opment of NAFLD after adjustment for other
relevant factors [22-24]. Therefore, compared
with other relevant factors, TG or ALT is more
suitable to predict NAFLD.

Int J Clin Exp Med 2017:10(5):8223-8229
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As we all known, the docimastic efficacy has
little value if AUC is less than 0.7. Thus, for
female, ALT, TG, BMI and WHR could be as pre-
dictors of NAFLD; for male, TG and BMI could
be as predictors of NAFLD. As a diagnostic test,
it should have not only high sensitivity but also
high specificity. Although the AUC of BMI and
WHR was more than 0.7, they were still inap-
propriate to be as the predictor for their low
specificity. In fact, the predictors of NAFLD
screened though ROC curve and AUC in our
study were TG and ALT. The docimastic efficacy
of the two predictors were medium.

The cut-off level of ALT or TG for NAFLD predic-
tion had low sensitivity. However, combination
thresholds of ALT levels and TG levels could
increase the sensitivity. Combine ALT and TG
cut-off level could improve the NAFLD predic-
tive ability. Therefore, this may be a useful pre-
dictive method of NAFLD.

Our study still had some limitations. NAFLD was
not diagnosed by liver biopsy. Although B ultra-
sound is a useful method with a reasonable
sensitivity and specificity, it may underestimate
the actual rate of NAFLD [25, 26]. There were
many bias in our study, such as selection bias,
information bias and so on.

Conclusion

NAFLD is a risk factor for diabetes mellitus, car-
diovascular disease, other chronic metabolic
disorders and hepatic disease, so early detec-
tion, early diagnosis and early intervention of
NAFLD are very important. TG and ALT are good
predictors for screening of NAFLD. The cut-off
level of ALT and TG predicting the risk of NAFLD
among Chinese in Eastern China were 17.5 U/L
and 1.39 mmol/L for female, while they were
22.5 U/L and 1.35 mmol/L for male.
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