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Abstract
Background: Non-alcoholic fatty liver disease (NAFLD) has a higher prevalence worldwide, and its
pathogenesis is not clear. Genetic factors, dyslipidaemia and dysglycaemia have been proven to be
associated with NAFLD. It has not been reported whether the triglyceride glucose index (TyG), which is
estimated by triglyceride and fasting glucose, has a relationship with NAFLD in people from North China.
Whether the CDKAL1 gene rs10946398 SNP, which has been found to be associated with BMI, has a
relationship with TyG and NAFLD is not clear.
Methods: We recruited a total of 1,760 subjects in this study, and we measured the clinical characteristics,
abdominal ultrasound, and genotype of those participants. Results: The results showed that 527 (29.9%)
subjects suffered from NAFLD, the TyG index was associated with NAFLD (OR=5.456, 95% CI
(3.526~8.442)), and the CDKAL1 gene rs10946398 SNP has a relationship with NAFLD (OR=1.509, 95%
CI (1.046~2.178)). The distribution of the C allele of rs10946398 was statistically significant at different
levels of the TyG index.
Conclusion: We identified an association between the rs10946398 genotypes of CDKAL1 and NAFLD and
the TyG index, and the TyG index was related to the risk of NAFLD.

1. Background
Non-alcoholic fatty liver disease (NAFLD) has become a public health issue worldwide. In Western
countries, approximately 30%~40% of men and 15%~20% of women suffer from NAFLD[1]. Jian GF et al.
[2] reported that the prevalence of NAFLD in Asia is approximately 25%, similar to that in Europe. In China,
there may be some regional differences in the prevalence of NAFLD. The prevalence is only 14.7% in
northwest China, but in economically developed areas, such as Shenzhen city, the prevalence of NAFLD is
30.75%[3]. The increasing morbidity of NAFLD aggravates the burden of people, and the pathological
mechanisms of NAFLD are not clear. Some papers have reported that insulin resistance is closely related
to NAFLD[4–5]. Dyslipidaemia and genetic factors were proven to be associated with NAFLD[6–7].
The cyclin-dependent kinase 5 (CDK5) regulatory subunit-associated protein 1-like 1 (CDKAL1) gene is
located on chromosome 6p22.3 and encodes a 65-kD protein. Several studies identified that the CDKAL1
gene was associated with type 2 diabetes[8], and Liang et al.[9] found that this relationship existed
between the CDKAL1 gene rs10946398 single nucleotide polymorphism (SNP) and insulin resistance. In
addition, Wen et al.[10] proved that the rs10946398 SNP was associated with BMI. BMI and insulin
resistance are risk factors for NAFLD. Therefore, we hypothesized that there is a relationship between the
CDKAL1 rs10946398 SNP and NAFLD.
Currently, the triglyceride glucose index (TyG), which is estimated by triglyceride and fasting glucose, has
been proven to be related to metabolic syndrome and cardiovascular disease[11–12]. Several studies
have considered that the TyG index is a surrogate marker of insulin resistance. Lee SB et al.[13] found
that the TyG index is superior to the homeostasis model assessment of insulin resistance (HOMA-IR) for
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predicting NAFLD in Korea. However, few studies have expounded the association between the TyG index
and NAFLD in Chinese adults. Therefore, in the present study, we sought to explore the relationship
between NAFLD and the TyG index and the association between the CKDAL1 rs10946398 SNP and
NAFLD in Chinese adults.

2. Methods
Study population
Initially, a total of 2,044 subjects who underwent physical examination at Xuzhou Central Hospital from
Jan. 2015 to Oct. 2016 were selected as participants. Each participant, who were all from Xuzhou city,
North China, had a complete medical examination, blood laboratory tests, ultrasonographic reports and
oral glucose tolerance tests (OGTT). The medical history, alcohol consumption, and drug intake details of
the participants were recorded. Participants with alcohol intake greater than 20 g/d were defined as
having a “habit of drinking alcohol”, and those participants were excluded. Patients with diabetes,
hypertriglyceridaemia, and subjects taking special drugs, such as anti-diabetic and lipid-lowering drugs,
were excluded from this study. Individuals with acute inflammation, cancer, or liver disease, such as viral
hepatitis or liver cirrhosis, were also excluded from the present study. Finally, 1,760 participants (26 ~
87 years old) were included in the analyses. This study was reviewed and approved by the ethics
committee of Xuzhou Central Hospital, China, and informed consent was signed by all subjects.
Ultrasonographic analyses
All subjects were checked for abdominal ultrasonography by two doctors who were blind to the
participant’s clinical information. A diagnosis of fatty liver disease was made on the basis of the findings
of an abdominal ultrasonography scan performed using a 3.5-MHz transducer (LOGIQ9E, GE, USA), and
two doctors had the same estimate on one individual.
Genotype determination
A QIAamp Blood Mini Kit (Qiagen, Chatsworth, CA, USA) was used to extract genomic DNA from the buffy
coat fraction of centrifuged blood. The SNP rs10946398 in the CDKAL1 gene was selected because some
literature has reported that this genotype is associated with obesity and T2DM in the East Asian
population[]. ABI 7900HT (Applied Biosystems, Foster City, CA, USA) was used to determine the
rs10946398 genotypes with TaqMan SNP allelic discrimination.
Clinical characteristics of the study participants
Height and weight were measured in all subjects, and body mass index (BMI) was estimated by dividing
the weight in kilograms by the height in metres squared. Blood pressure was measured after resting for
10 min. Waist circumference (WC) was measured with the participants standing naturally, feet separated
by 25 cm ~ 30 cm. The WC is the horizontal circumference through the centre of the umbilicus, measured
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with a soft ruler at the end of expiration and before inhalation. These anthropometric parameters were
measured by trained doctors.
Blood samples were collected after fasting for 8 ~ 10 h from all subjects. The samples were allowed to
clot at less than 25℃ for 1 ~ 3 h after drawing. Immediately following clotting, the samples were
subsequently stored at -80℃ until further analysis. Biochemical parameters, including fasting plasma
glucose (FPG), glutamine transferase (GGT), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), serum uric acid (SUA) and fasting insulin, were
measured by an autoanalyzer (Type 7600, Hitachi Ltd., Tokyo, Japan). Glycosylated haemoglobin was
measured by high-performance liquid chromatography with a standardized method. The serum sample
of a standard 75-g OGTT was drawn 120 min after glucose load, but before that, the individual had to
fast more than 10 h. Homoeostasis model assessment for insulin resistance (HOMA-IR) was estimated
by the formula HOMA-IR = FPG (mmol/L)*fasting insulin (mU/mL)/22.5. The TyG index was calculated
using the formula TyG = FPG (mmol/L)*TG (mmol/L)/2.
Statistical analysis
The means ± standard deviation were used to represent continuous data, and the number (ratio%) shows
the enumeration data. Skewed variables of continuous data such as TyG, GGT and HOMA-IR were lntransformed before analysis. Hardy-Weinberg equilibrium was used to analyse the distribution of the
rs10946398 genotypes. Inter-group comparisons of continuous data were performed by ANOVA or t test,
and categorical data were compared using the chi-square test. Logistic regression analysis was used to
estimate the odds ratio (OR) and associated 95% confidence interval (CI) for NAFLD on the basis of the
TyG index and rs10946398 genotypes. A dose-response curve was generated using a generalized linear
model to show the relationship between the TyG index and the risk of NAFLD. A multiple scatter plot was
used to show the distribution of rs10946398 genotypes at different levels of the TyG index. SPSS for
Windows version 22.0 (IBM Co., Armonk, NY, USA) and STATA 14.0 (Stata Corp, TX, USA) were used for
performing all statistical analyses in the study. Statistical significance was considered for P values less
than 0.05.

3. Result
3.1 A total of 1,760 participants were recruited for the present study, including 527 (29.9%) patients with
NAFLD and 1,233 (70.1%) non-NAFLD persons. The clinical characteristics of all participants are shown
in Table 1. The participants were divided into two groups for analysis by two independent sample t-tests.
The results show that patients with NAFLD are older and fatter. The SBP, DBP, FPG, 2-h OGTT, HbA1c, TC,
TG, LDL, SUA, GGT, TyG, and HOMAIR of the NAFLD group were higher than those of participants with no
NAFLD, but HDL was lower. Males are more likely to have NAFLD.
3.2 The results of the Hardy-Weinberg equilibrium test were not statistically significant (χ2=0.183,
P=0.668), which means that the genotype distribution was balanced. Sex, WC, BMI, SBP, DBP, TG, HDL,
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LDL, and SUA were not different among the three genotypes of rs10946398. The CC(2) genotype had
higher FPG, 2-h OGTT, HbA1c, GGT, TyG, and HOMAIR than the other genotypes (Table 2).
3.3 The subjects were divided into three groups on the basis of their TyG levels (T1: lnTyG<0.938; T2:
0.938~1.537; and T3: lnTyG ≥1.537). Table 3 shows that the highest TyG group was older; had a higher
WC, BMI, SBP, DBP, FPG, 2-h OGTT, TC, TG, LDL, SUA, GGT and HOMAIR; and had lower HDL levels than
the other two groups.
3.4 With increasing TyG levels, the risk of NAFLD is also increased. With adjusting for some variables,
such as sex, age, BMI, SBP, DBP, SUA, 2-h OGTT, TC, GGT, and rs10946398 genotypes, the association
between TyG and NAFLD was also statistically significant. The risk of NAFLD increasing with TyG levels
did not change.
3.5 Figure 1 shows that the risk of NAFLD increases with lnTyG levels. This trend remains statistically
significant regardless of the change in lnTyG levels, and when the TyG levels are higher, the trend is
clearer.
3.6 Subjects with the CC allele of rs10946398 are more likely to suffer from NAFLD. Even with
adjustment for other factors, this trend remained statistically significant (Table 5, P=0.022).
3.7 All subjects were divided into three groups by lnTyG levels (first group: lnTyG <0.938; second group:
lnTyG:0938~1.537; third group: lnTyG≥1.537). We found that the CC genotype of rs10946398 had a
higher percentage in the third group (42.4%), and the AA genotype of rs10946398 had a higher
percentage in the first group (36.5%). Figure 2 shows that the distribution of the C allele has statistical
significance in different groups.
3.8 The association between TyG levels and the risk of NAFLD is statistically significant and increases
with the C allele of rs10946398. After further adjustment for other factors (Model 3), TyG also had a
significantly positive association with NAFLD (Table 6).

4. Discussion
In the present study, a total of 1,760 Chinese subjects were finally analysed, 527 (29.9%) of whom were
diagnosed with NAFLD by abdominal ultrasonography. Further adjusting for confounding factors, we
found that the CDKAL1 rs10946398 SNP was associated with NAFLD, and with an increase in the TyG
index, the risk of NAFLD was increased. We also found that rs10946398 genotypes had different
distributions among the three levels of the TyG index.
In this study, the results indicated that the C allele of the rs10946398 SNP not only increased the risk of
NAFLD but also enhanced the TyG index (Fig. 3).
In addition, it was found that a higher TyG index corresponded to a higher risk of NAFLD in our results.
We hypothesized that the association between the rs10946398 genotypes and NAFLD may be caused by
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the SNP being a BMI-associated gene. Wen et al. reported that rs10946398 was associated with BMI in
Asian but not European populations[10]. Most studies have defined a strong correlation between BMI and
NAFLD[14–15]. The obesity population has a higher prevalence of NAFLD than the general population,
and lean people have the lowest prevalence of NAFLD in Asia[16]. Rs10946398 genotypes of CDKAL1
regulate the CDK5 protein, which is a threonine protein kinase that is expressed in the brain and muscle.
CDK5 is active when the A allele of the rs10946398 genotype of CDKAL1 reduces expression. The activity
of CDK5 leads to decreased insulin secretion and increased insulin resistance (IR), which elevates
circulating glucose levels. Excess glucose can be converted to fatty acids and finally into fat, and fat
accumulates in the liver to generate fatty liver[17–18]. The above may be a reason why the rs10946398
SNPs of CDKAL1 have a relationship with NAFLD. This speculation was supported by several studies,
such as that by Jun Liang et al., who thought that the CDKAL1 gene is associated with metabolic disease
by its effect on glucose-related traits[9], Chen et al. confirmed that this gene accounts for the risk of
cardiovascular disease[19], and Akiyama M reported that the CDKAL1 gene is associated with
obesity[20].
The strong correlation between the TyG index and BMI has been confirmed by previous literature[21–22],
but the relationship between BMI-associated genes and the TyG index has not been completely
elucidated, especially in Chinese adults. In the present study, we found that there was an independent
correlation between the BMI-associated gene CDKAL1 and the TyG index, and the TyG index was
calculated by fasting glucose and triglycerides. Table 2 shows that people with the CC genotype of
rs10946398 have higher FPG, 2-h OGTT and HbA1c levels than the other two genotypes, indicating that
the genotype of rs10946398 was associated with the TyG index. This relationship is because the C allele
of rs10946398 elevates the glucose indexes.
In addition to rs10946398 related to NAFLD, the TyG index also has an independent association with
NAFLD. This result was in agreement with previous studies; for example, Zhang R et al. [23] found that
the TyG index could predict the incidence of NAFLD in a prospective cohort study, and some scholars
showed that the TyG index was an effective biomarker to identify NAFLD[24]. The change in the TyG
index was due to glucose and lipids, and its levels were elevated, indicating the disorder of glucose or
lipids. Pathoglycaemia and dislipidaemia are traits of metabolic disease, especially in patients with
NAFLD, whose FPG and TG are higher than those of the general population. Our results show that
patients with NAFLD have higher TG, LDL-C, FPG and TC levels than non-NAFLD subjects and that there
is a dose-response relationship between the TyG index and the risk of NAFLD. The HOMA-IR and TyG
index are representative markers of IR. IR, which is the basis of type 2 diabetes, has been shown to have
an important pathological relationship with NAFLD[25].
The limitations of this study were as follows. First, the present study is a cross-sectional observational
study. We can describe the association between rs10946398 and the TyG index and NAFLD, but causality
cannot be confirmed from these results. Second, the participants of this study were all Chinese Han
adults, and most of them were from one city of Xuzhou. Finally, we did not perform histological

Page 6/16

examination of liver biopsy in subjects. Ultrasonography, which is not the gold standard compared with
histological examination, is a non-invasive technique with widespread use in clinical practice[26].

5. Conclusion
In conclusion, we identified an association between rs10946398 genotypes of CDKAL1 and NAFLD and
the TyG index, and the TyG index was related to the risk of NAFLD.
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Tables
Table 1 The clinical characteristics of all participants according to the status of NAFLD

All (n=1760） No NAFLD (n=1233) NAFLD (n=527)

t

P

Age (years)

46.90±10.09

46.49±10.07

47.86±10.09

-2.612 0.009

Sex (male)

1340

872

468

66.445b <0.001

WC (cm)

87.24±9.36

84.43±8.64

93.82±7.52

-21.399 <0.001

BMI (kg/m2)

24.65±3.07

23.73±2.72

26.82±2.73

-21.842 <0.001

SBP (mmHg) 124.43±16.00
DBP (mmHg)

121.72±15.50

130.79±15.36 -11.281 <0.001

79.44±11.58

77.47±11.25

84.05±11.03

-11.301 <0.001

FPG (mmol/L)

5.29±1.25

5.14±1.15

5.63±1.41

-7.681 <0.001

2-h OGTT

7.58±3.17

7.17±2.69

8.63±3.86

-8.533 <0.001

HbA1c (%)

5.85±.086

5.74±0.77

6.11±0.98

-8.582 <0.001

TC

5.08±0.91

4.98±0.87

5.32±0.96

-7.258 <0.001

TG

1.77±1.75

1.40±1.12

2.64±2.69

-14.393 <0.001

HDL

1.22±0.29

1.27±0.30

1.09±0.24

12.668 <0.001

LDL

3.01±0.78

2.97±0.75

3.11±0.84

-3.411 0.001

SUA

310.98±78.59

294.28±71.87

GGT a

3.20±0.67

3.04±0.62

3.59±0.61

-17.21 <0.001

TyGa

1.29±0.70

1.08±0.61

1.76±0.65

-21.054 <0.001

HOMAIR a

0.63±0.60

0.46±0.55

1.03±0.51

-20.102 <0.001

350.05±79.84 -14.414 <0.001

a: Variable was ln transformed; b: chi-square test

Values are expressed as the mean ± SD or number (%). TyG, triglyceride glucose; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; WC, waist circumference; HOMA-IR, homeostasis model assessment of insulin resistance; 2-h OGTT, 2-hour oral
glucose tolerance test; HbA1c, glycated haemoglobin; SUA, serum urea; GGT, transglutaminase.
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Table 2 The clinical characteristics of participants according to CDKAL1 rs10946398 genotypes
CDKAL1 rs10946398
AA(0) (n=576） AC(1) (n=854) CC(2) (n=330)
Age

F

P for trend

46.18±9.54

46.80±10.01

48.41±11.09

5.22

0.005

426

652

262

3.452b

0.178

WC

87.24±9.68

87.21±9.04

87.30±9.62

0.01

0.92

BMI

24.88±3.14

24.55±2.99

24.53±3.14

2.678

0.102

124.42±16.56 124.64±15.55 123.92±16.01 0.207

0.649

Sex (male)

SBP
DBP

79.33±12.28

79.54±11.33

79.38±10.98

0.003

0.954

FPG

5.16±1.06

5.31±1.35

5.44±1.28

10.588

0.001

2-h OGTT

7.26±2.66

7.64±3.41

8.01±3.36

9.764

0.002

HbA1c (%)

5.77±0.70

5.86±0.92

5.98±0.91

11.694

0.001

TC

5.03±0.86

5.08±0.95

5.17±0.88

5.310

0.021

TG

1.75±1.99

1.71±1.55

1.94±1.80

2.304

0.129

HDL

1.22±0.29

1.22±0.29

1.20±0.31

0.470

0.493

LDL

2.97±0.74

3.02±0.81

3.07±0.78

3.505

0.061

311.49±80.45 310.39±78.27 311.64±76.33 0.001

0.978

SUA
GGT a

3.16±0.68

3.18±0.65

3.34±0.66

15.5

<0.001

TyGa

1.24±0.70

1.26±0.69

1.42±0.70

13.299

<0.001

HOMAIR a

0.61±0.60

0.62±0.60

0.71±0.61

5.258

0.022

a: Variable was ln transformed; b: chi-square test

Values are expressed as the mean ± SD or number (%). TyG, triglyceride glucose; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; WC, waist circumference; HOMA-IR, homeostasis model assessment of insulin resistance; 2-h OGTT, 2-hour oral
glucose tolerance test; HbA1c, glycated haemoglobin; SUA, serum urea; GGT, transglutaminase.

Table 3 The clinical characteristics of participants according to different TyG levels
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TyGa
T1 (n=587）

T2 (n=588)

T3 (n=585)

F

P for trend

45.60±9.74

47.61±10.62

47.49±9.80

10.237

0.001

345

481

514

136.48

<0.001

WC

81.78±8.79

88.33±8.77

91.69±7.38

398.87

<0.001

BMI

23.05±2.78

24.88±2.95

26.03±2.73

326.44

<0.001

SBP

118.46±14.32 125.73±16.23 129.12±15.53 140.77

<0.001

DBP

75.22±10.54 80.29±11.60 82.82±11.27 136.38

<0.001

Age
Sex (male)

FPG

4.84±0.42

5.18±0.76

5.85±1.85

214.67

<0.001

2-h OGTT

6.43±1.67

7.31±2.42

8.96±4.24

170.05

<0.001

HbA1c (%)

5.57±0.36

5.79±0.58

6.20±1.23

179.55

<0.001

TC

4.72±0.79

5.12±0.79

5.40±0.99

186.760

<0.001

TG

0.76±0.19

1.36±.027

3.18±2.43

857.78

<0.001

HDL

1.37±0.29

1.23±0.26

1.04±0.24

472.760

<0.001

LDL

2.77±0.68

3.19±0.68

3.07±0.91

46.79

<0.001

272.25±65.75 317.79±70.48 343.00±81.79 275.48

<0.001

SUA
GGT a

2.82±0.51

3.20±0.56

3.60±0.68

513.58

<0.001

HOMAIR a

0.27±0.50

0.64±0.52

0.99±0.55

551.24

<0.001

a: Variable was ln transformed; b: chi-square test

Values are expressed as the mean ± SD or number (%). TyG, triglyceride glucose; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; WC, waist circumference; HOMA-IR, homeostasis model assessment of insulin resistance; 2-h OGTT, 2-hour oral
glucose tolerance test; HbA1c, glycated haemoglobin; SUA, serum urea; GGT, transglutaminase.

Table 4 The relationship between TyG levels and the risk of NAFLD
TyGa
<0.938

0.938~1.537

>1.537

P for trend

Model 1

1

4.978 (3.454~7.176)

16.762 (11.731~23.950)

<0.001

Model 2

1

2.932 (1.980~4.342)

8.467 (5.780~12.404)

<0.001

Model 3

1

2.126 (1.377~3.283)

5.456 (3.526~8.442)

<0.001

Model 1: unadjusted
Model 2: adjusted for sex, age and BMI
Model 3: adjusted for sex, age, BMI, SBP, DBP, SUA, 2-h OGTT, TC, GGT and rs10946398 genotypes
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Table 5 The relationship between genotype rs10946398 and the risk of NAFLD
Rs10946398
AA(0)

AC(1)

CC(2)

P for trend

Model 1

1

1.111 (0.878~1.405)

1.505 (1.126~2.012)

<0.001

Model 2

1

1.323 (1.009~1.734)

1.874 (1.337~2.626)

<0.001

Model 3

1

1.290 (0.963~1.727)

1.509 (1.046~2.178)

0.022

Model 1: unadjusted
Model 2: adjusted for sex, age and BMI
Model 3: adjusted for sex, age, BMI, SBP, DBP, SUA, 2-h OGTT, TC, SUA, GGT and TyG

Table 6 The association between TyG and NAFLD under different rs10946398 genotypes
Model 1
OR
rs10946398

Model 2

Model 3

95% CI

OR

95% CI

OR

95% CI

AA(0) 3.811

2.882~5.039

2.597

1.907~3.535

2.010

1.420~2.845

AC(1) 3.753

2.993~4.706

2.909

2.259~3.746

2.318

1.755~3.063

CC(2) 4.250

2.925~6.173

3.432

2.249~5.237

2.599

1.523~4.434

P for trend

<0.001

<0.001

<0.001

Model 1: unadjusted
Model 2: adjusted for sex, age and BMI
Model 3: adjusted for sex, age, BMI, SBP, DBP, SUA, 2-h OGTT, TC, SUA and GGT

Figures

Page 13/16

Figure 1
shows that the risk of NAFLD increases with lnTyG levels. This trend remains statistically significant
regardless of the change in lnTyG levels, and when the TyG levels are higher, the trend is clearer.
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Figure 2
shows that the distribution of the C allele has statistical significance in different groups.
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Figure 3
NAFLD was increased. We also found that rs10946398 genotypes had different distributions among the
three levels of the TyG index. In this study, the results indicated that the C allele of the rs10946398 SNP
not only increased the risk of NAFLD but also enhanced the TyG index
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