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Abstract

Objectives: This study is designed to analyze the potential influencing factors of hyperlipidemia, and to explore the relation-
ship between liver function indicators such as gamma-glutamyltransferase (GGT) and hyperlipidemia.

Methods: Data were derived from 7599 outpatients who visited the Department of Endocrinology of the First Hospital of Jilin
University (2017–2019). A multinomial regression model is used to identify related factors of hyperlipidemia and the decision
tree method is used to explore the general rules in hyperlipidemia patients and non-hyperlipidemia patients on these
factors.

Results: The average of age, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure, aspartate ami-
notransferase, alanine aminotransferase (ALT), GGT and glycosylated hemoglobin (HbA1c) in the hyperlipidemia group are
higher than those in the non-hyperlipidemia group. In multiple regression analysis, SBP, BMI, fasting plasma glucose, 2-h
postprandial blood glucose, HbA1c, ALT, GGT are associated with triglyceride. For people with HbA1c less than 6.0%, con-
trolling GGT within 30 IU/L reduces the prevalence of hypertriglyceridemia by 4%, and for people with metabolic syndrome
with impaired glucose tolerance controlling GGT within 20 IU/L reduces the prevalence of hypertriglyceridemia by 11%.

Conclusions: Even when GGT is in the normal range, the prevalence of hypertriglyceridemia increases with its gradual
increase. Controlling GGT in people with normoglycemia and impaired glucose tolerance can reduce the risk of
hyperlipidemia.
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Introduction
With the changes of people’s lifestyle, the incidence of
hyperlipidemia is increasing year by year. Hyperlipidemia
is a major risk factor for cardiovascular and cerebrovascular
diseases,1,2 type 2 diabetes,3 obesity,4 some cancers,5 etc. It
can increase the risk of all-cause death from cardiovascular
diseases by 1.7–8.2 times,6,7 and a 10% reduction in serum
cholesterol level can reduce the risk of cardiovascular dis-
eases by 40% at the age of 50.8 Therefore, it is particularly
important to identify the indexes related to blood lipid and
pay attention to the changes of the indexes.

Hyperlipidemia is mainly affected by diet, exercise,
genetics, smoking, blood glucose, hypertension, obesity,
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chronic kidney disease, hyperuricemia,9 fatty liver and
other factors. Among them, high-fat diet,10 lack of exercise,
obesity, type 2 diabetes are the main risk factors. The
effects of high-fat diet,10 obesity11,12 and blood glucose13

on the risk of hyperlipidemia are relatively clear. In addition
to the above risk factors, Suhad M’s study suggests that ele-
vated liver transaminase is not only closely related to type 2
diabetes, but also a risk factor for hyperlipidemia.14 Alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and γ-GGT are often used as indicators of liver damage.
Gamma-glutamyltransferase (GGT) exists in the epithelial
cells of the liver and biliary tract and participates in the deg-
radation of the extracellular antioxidant glutathione,15 and
is also considered as a marker of oxidative stress.16 A
growing body of evidence suggests that GGT levels are
closely associated with stroke,17 atherosclerotic cardiovas-
cular disease,18–20 type 2 diabetes21 and obesity.22

Kazuhiko Kotani, Tang and Yuli et al. prove that GGT is
closely associated with lipid metabolism, and GGT is sig-
nificantly correlated with triglyceride and high-density lipo-
protein.23–25 However, some studies have not been clear
about the correlation between GGT and blood lipid.
Different studies have different conclusions on the relation-
ship between GGT and blood lipid, which may be caused
by regional differences or the limited number of people
included in the study.

This study incorporates the laboratory testing data of
over 7000 outpatients for cross-sectional analysis, the
objectives of this study are to identify the related factors
of hyperlipidemia and to explore the influence of GGT
and other liver function indicators on the prevalence of
hyperlipidemia. This study also attempt to discuss the
control goals needed to prevent hyperlipidemia.

Methods

Data sources

Data were obtained from 7599 outpatients who visited the
Department of Endocrinology of the First Hospital of Jilin
University (2017–2019). Basic information of the patients
such as height and weight were collected through question-
naires, and blood samples were collected to obtain bio-
chemical indicators and glycosylated hemoglobin (HbA1c).

Data cleaning

Due to a large number of missing values and outliers in the
original data set, the data set is cleaned first to ensure the
effectiveness and robustness of the subsequent analysis.
For missing values, we delete the samples missing key
factors, so as to obtain a relatively complete sample set.
Outliers are those points that are far away from high-density
groups in the sample space. From the perspective of statis-
tics, if there are only a few sparsely distributed samples in a

certain region in the sample space, it means that the prob-
ability of data falling in this region is very low in reality.
Moreover, the proportion of such data in the whole data
set is too small to be universal, so it is not within the
scope of this study. The isolated forest method26 is used
to detect outliers.

The idea of isolated forest is to use a random hyperplane
to cut the data space in two, then use a random hyperplane
to cut each subspace, and perform the above steps recur-
sively until there is only one data point in each subspace.
Since outliers are usually far from high-density groups in
the data space, these outliers are quickly divided into a sep-
arate subspace, while non-outliers require more cuts. In this
way, outliers can be quickly distinguished. Isolated forest
method can be roughly divided into two stages: (i)
Construct t isolated trees in the form of binary trees to
form isolated forest; (ii) Calculate the average height of
every sample point in each tree, and calculate the score of
abnormality.

To ensure that the outliers in each feature dimension can
be fully detected, we choose to combine the features in pairs
(age-BMI, SBP-Cre, ALT-AST, GGT-HbA1c) to construct
four two-dimensional data spaces. In one two-dimensional
space, we use random forest method to identify the outliers
and delete the samples containing the outliers. Then the
remaining data is detected and processed in the data space
composed of the other two features until all the features
are filtered.

The construction process of an isolated tree is described
as follows: Randomly select φ sample points in the data set
and put them into the root node of the tree; Randomly gen-
erate a straight line in the current two-dimensional space to
divide the current data space into two subspaces. The points
above the line are drawn to the left child node of the current
node, and the points below the line are drawn to the
right child node; Perform the above steps recursively in
each child node until there is only one sample point in the
child node or the isolated tree has reached the specified
height.

After the isolated forest is constructed, it can be used to
evaluate the anomaly degree of each sample point in the
data space. The calculation formula is:

s(x, ψ ) = 2−
E(h(x))
c(ψ ) (1)

where h(x) represents the average height of x in all isolated
trees, and c(ψ ) is defined as

c(ψ) =
2H(ψ − 1)− 2(ψ − 1)

ψ
, ψ > 2

1 , ψ = 2
0 , otherwise

⎧⎪⎪⎨
⎪⎪⎩

(2)

H(i) is the harmonic number, which can be estimated by
ln (i)+ 0.5772156649 .
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The schematic diagram of random forest anomaly detec-
tion is shown in Figure 1. The overall processing flow of the
data set is shown in Figure 2.

Decision tree

Since theprevalenceofhypertriglyceridemia is thehighest in the
study population, and the relationship between hypertriglyceri-
demia andGGT andHbA1c is stronger, we explore the general
rules of the above indicators in the non-hypertriglyceridemia
population and try to give advice on maintaining health. We
use the binary classification method of decision tree27 to
extract different rules of the two types of samples, and then
screen and artificially modify the extracted rules to find the
general rules of the non-hyperlipidemia population.

Decision tree is a common classification and regression
method with tree structure. The classification process can be

regarded as a set of if-then rules. Each node of the tree is a
judgment condition, and the classification process is
equivalent to starting from the root node of the tree model
and judging at every node on the path until reaching the
leaf node, that is, the classification process is completed.
The judgment conditions on the path are combined to
form a rule. Compared with the black-box characteristic
of deep learning models such as neural networks, decision
tree algorithm is still commonly used in medical, financial
and other fields requiring high interpretability.

The decision tree generation process mainly includes the
following two steps: (i) Feature selection: select one from the
feature set as the split criterion for the current node, and there
are multiple evaluation criteria for feature selection; (ii)
Decision tree construction: according to the selected
feature evaluation criteria, recursively generate child-nodes
from top to bottom until the data set is inseparable.

Figure 2. Flowchart of study population.

Figure 1. Outlier detection. Isolated forest acts on the two-dimensional data space composed of age-BMI, VSP-Cre, etc. The red points are
scattered outside the green cluster and are the abnormal points identified by isolated forest.
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The C4.5 algorithm is used here.28 The algorithm uses
the information gain rate as the feature selection criterion.
The information gain rate is defined as:

GainRatio(S, A) = Gain(S, A)
SplitInfo(S, A)

(3)

Among them, Gain represents the information gain, which
represents the degree to which a certain feature is known to
reduce the uncertainty of the information of class X. The
information gain of feature A to data set S Gain(S, A) is
the difference between the entropy H(S) of set S and the
conditional entropy of S under the conditions given by
feature A. SplitInfo(S, A) is used to measure the breadth
and uniformity of the attribute A split data set S.

Gain(S, A) = H(S)− H(S|A) (4)

SplitInfo(S, A) = −
∑C
i=1

|Si|
|S| log2

|Si|
|S| (5)

Results

Study population

Of the remaining 4876 samples, 1375 (Figure 2) has hyper-
lipidemia with a prevalence of 28.2%, of which the preva-
lence rate of hypertriglyceridemia is the highest (20.8%).
There is no statistical significance between the hyperlipid-
emia group and the non-hyperlipidemia group in terms of
gender (P> 0.05) (Table 1). Compared with the non-
hyperlipidemia group, the hyperlipidemia group has
higher body mass index (BMI), systolic blood pressure

Table 1. Baseline characteristics of the study population.

Variables Overall (n= 4876) Hyperlipidemia (n= 1375) Non- hyperlipidemia (n= 3501) P-value

Age(years) at survey 57.0± 9.2 57.8± 8.8 56.6± 9.3 <0.001

Age > 60 years, N(%) 1712(35.1) 518(37.7) 1194(34.1) <0.001

Gender Male, N(%) 3350(68.7) 961(69.9) 2389(68.2) 0.944

Female, N(%) 1526(31.3) 414(30.1) 1112(31.8)

BMI (kg/m2) 25.0± 3.0 25.7± 3.0 24.8± 3.0 <0.001

Obesity, N(%) 803(16.5) 302(22.0) 501(14.3) <0.001

SBP (mmHg) 140.1± 19.7 143.4± 19.6) 138.8± 19.6 <0.001

DBP (mmHg) 80.2± 11.5 82.1± 11.7 79.5± 11.4 <0.001

FPG (mmol/L) 6.13(5.22–6.34) 6.5(5.25–6.82) 5.98(5.28–6.18) <0.001

2hPG (mmol/L) 8.58(5.56–9.9) 9.59(6.41–11.6) 8.18(5.83–9.25) <0.001

GGT (IU/L) 21(15–31) 26.5(19–40) 19.0(14–28) <0.001

ALT (IU/L) 12(9–16) 14(10–19) 11(8–16) <0.001

AST (IU/L) 19(17–23) 20(17–24) 19(16–22) <0.001

Glycemic status Normoglycemia, N(%) 1686(34.6) 333(24.2) 1353(38.7) <0.001

Prediabetes, N(%) 2236(45.8) 656(47.7) 1580(45.1)

Diabetes, N(%) 954(19.5) 386(28.1) 568(16.2)

Data for continuous variables are expressed as mean± standard deviation or mean (quartile range), and categorical variables are expressed as
numbers(percentages). Obesity is defined as a body mass index≥ 28 kg/m2. According to the diagnostic criteria for diabetes released by WHO in 2011, HbA1c
can be used to diagnose diabetes, and the diagnostic cut-off point is HBA1C≥ 6.5%. According to ADA standard, 5.7–6.4% HbA1c can be used as one of the
diagnostic criterias for prediabetes.
Abbreviations: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; 2hPG: 2-h postprandial blood
glucose; GGT: glutamyltransferase; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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(SBP), diastolic blood pressure (DBP), fasting plasma
glucose (FPG), 2-h postprandial blood glucose (2hPG),
ALT, AST, GGT, and the difference between the two
groups in these indicators is statistically significant (P<
0.05). In the GGT quintile,29 BMI, SBP, DBP, triglyceride
(TG), and total cholesterol (TC) increased from the lowest
quintile to the highest quintile, and high-density lipoprotein
(HDL) showed an overall downward trend (Table 2). The
higher the GGT, the higher the FPG and 2hPG, which is
statistically significant (P< 0.05).

Effect of GGT on the prevalence of hyperlipidemia

To explore the relationship between GGT and various types
of hyperlipidemia, we divide the data set into ten roughly
equal parts according to GGT and compare the prevalence
of hyperlipidemia among each group (Figure 3(a)). With the
progressive increase of GGT, the prevalence of hypertrigly-
ceridemia, hypercholesterolemia and low-HDL increased,
and the prevalence is statistically significant among the
ten groups (P< 0.05). Compared with hypercholesterolemia
and low-HDL, GGT has a more significant effect on the
prevalence of hypertriglyceridemia, with the prevalence
of hypertriglyceridemia in the highest decile of GGT 11
times higher as in the lowest decile (3.5% vs 38.9%). The
effect of GGT on the prevalence of hypercholesterolemia
and low-HDL is not significant, but the overall prevalence
increases with increasing GGT, with the prevalence of
hypercholesterolemia in the highest decile three times
(6.9% vs 19.6%) and twice (9.4% vs 21.8%) as in the
lowest decile, respectively. In addition to GGT, we also
analyze the effects of ALT and AST on the prevalence of
hyperlipidemia. Consistent with the above, the data set is
divided into ten groups roughly equal according to ALT
and AST respectively, and the prevalence of the three
types of hyperlipidemia is statistically significant among
the ten groups (P< 0.05). With the progressive elevation
of ALT, the prevalence of hypertriglyceridemia and hyper-
cholesterolemia gradually increases, and the prevalence of
the highest decile of ALT is four times (10.8% vs 41.5%)
and twice (7.4% vs 16.2%) of the lowest decile
(Figure 3(b)). ALT is U-shaped associated with the preva-
lence of low-HDL. With the progressive elevation of
AST, the prevalence of hypertriglyceridemia and hyper-
cholesterolemia generally increases, with local fluctuations.
The prevalence of the highest AST decile is about twice that
of the lowest AST decile (15.2% vs 32%, 6.8% vs 15.1%)
(Figure 3(c)). AST is U-shaped associated with the preva-
lence of low-HDL.

The combined effect of GGT and blood glucose on
the prevalence of hyperlipidemia

Compared with the population with normoglycemia and the
lowest GGT level, the prevalence of hyperlipidemia in the

population with the highest GGT level and diabetes is sig-
nificantly increased (Figure 4). This phenomenon is most
pronounced in hypertriglyceridemia, and the prevalence
has increased by about 22 times (2.3% vs 50%). The preva-
lence of hypertriglyceridemia corresponding to the quintile
of GGT is observed under the same blood glucose state, and
it is found that the effect of GGT on hypertriglyceridemia is
independent of blood glucose, and the prevalence always
increases with the increase of GGT, with statistical signifi-
cance (P< 0.05). Under the same GGT level, the prevalence
of hypertriglyceridemia in the diabetic group is always
higher than that in the normoglycemia group, and the preva-
lence of hypertriglyceridemia in the prediabetic group is
between them. With the same blood glucose status, the
overall prevalence of hypercholesterolemia increases with
the increase of GGT level, and fluctuates in the diabetic
group, with statistical significance (P< 0.001 in the normo-
glycemia group; P= 0.002 in the prediabetic group; P=
0.003 in the diabetic group). In normoglycemia group and
prediabetes group, the prevalence of low-HDL increases
with the increase of GGT level, and the difference is statis-
tically significant (P< 0.05). The prevalence of low-HDL is
not statistically significant in the diabetic group.

Correlation analysis of various variables and
triglyceride levels

We conduct a Spearman correlation analysis to quantify the
correlation between various indicators and triglyceride
levels, so as to select indicators with higher correlation
for subsequent analysis.

Table 3 shows the results of Spearman’s correlation ana-
lysis. Among them, SBP (r = 0.11, P < 0.001), DBP
(r = 0.14, p < 0.001), BMI (r = 0.178, P < 0.001), FPG
(r = 0.154, P < 0.001), 2hPG (r = 0.178, P < 0.001),
HbA1c (r = 0.179, P < 0.001), ALT (r = 0.19,
P < 0.001), AST (r = 0.108, P < 0.001.), GGT
(r = 0.276, P < 0.001) and triglyceride are significantly
correlated.

Table 4 shows the results of multiple regression ana-
lyses. SBP, BMI, FPG, 2hPG, HbA1c, ALT, GGT are sig-
nificantly correlated with triglyceride.

General rules in non-hypertriglyceridemia
population

Figure 5 shows the classification decision tree constructed
with the data of the study population as input. In order to
measure the classification accuracy of decision tree, the
ROC curve is drawn (Figure 6), and the model finally
achieved an accuracy of 73.2%, indicating that the classifi-
cation results and the rules formed by decision tree have
certain reference value.

Table 5 shows the general rules of the non-triglyceride
population extracted from the decision tree and manually
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modified. It can be seen that for people with HbA1c less than
6.0%, controlling GGT within 30 IU/L reduces the preva-
lence of hypertriglyceridemia by 4% compared with not con-
trolling GGT (0.85 vs 0.89). For people with HbA1c between
6.0% and 6.5%, the effect of controlling GGT is more
obvious. Controlling GGT within 30 IU/L reduces the preva-
lence of hypertriglyceridemia by 6%, and controlling GGT
within 20 IU/L, the prevalence of hypertriglyceridemia
decreases by 11%. Although the normal range of GGT is gen-
erally accepted to be below 54 IU/L, it can be seen from the

previous analysis that when GGT is greater than 35 IU/L, the
prevalence of hypertriglyceridemia has increased signifi-
cantly, and the control of GGT is often neglected.
Therefore, it is meaningful to control GGT for different
groups with different blood glucose states.

Discussion
Hyperlipidemia, like diabetes, obesity, hypertension and
non-alcoholic fatty liver disease, belongs to the category

Figure 3. The influence of liver enzymes on the prevalence of three types of hyperlipidemia.

Figure 4. The prevalence of hyperlipidemia under the combined influence of GGT and blood glucose.
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of metabolic syndrome and is a major risk factor for athero-
sclerotic cardiovascular disease, whose pathogenesis
includes insulin resistance, oxidative stress, endothelial
cell damage, inflammation, etc.30–32 We observe that
BMI, blood glucose, blood pressure, ALT, AST and GGT
in the hyperlipidemia group are higher than those in the
non-hyperlipidemia group, and the prevalence of diabetes
in the hyperlipidemia group is 1.7 times higher than that
in the non-hyperlipidemia group, indicating that hyperlipid-
emia increases the risk of diseases related to metabolic syn-
dromes, such as diabetes, obesity and hypertension.

In this study, the effects of ALT, AST and GGT on the
prevalence of hypertriglyceridemia are analyzed. The
prevalence of hypertriglyceridemia in the highest decile of
ALT and GGT is 4 times and 11 times as in the lowest
decile, indicating that GGT is more significant than ALT
in the risk of hypertriglyceridemia. In the study, although
GGT is at a normal range in most people, BMI, blood
glucose and triglyceride gradually increased in the quintile
of GGT, which is consistent with Giacomo Zoppini’s
study.33 This study also confirms that GGT is significantly
correlated with triglyceride level, and GGT has a significant
impact on the prevalence of hypertriglyceridemia. GGT is
significantly positively correlated with the prevalence of
hypertriglyceridemia in both diabetic and non-diabetic
populations, and further analysis proves that the effect of
GGT on the prevalence of hypertriglyceridemia is inde-
pendent of blood glucose. More and more evidence
shows that the activity of GGT is closely related to meta-
bolic disorders and is an independent predictor of metabolic
syndrome and insulin resistance.34,35 In this study, GGT
levels are related to the levels of metabolic factors such as
blood glucose and blood lipids, which further proves the
correlation between GGT and metabolic disorders. The
underlying mechanism of the relationship between
GGT and hypertriglyceridemia is not clear and may be
related to the following reasons. First, GGT is a marker
of oxidative stress.36 Oxidative stress can occur in meta-
bolic disorders such as hyperglycemia and hyperlipid-
emia, and the free radicals produced by oxidative stress
consume glutathione, which induces the expression of
GGT in the liver. Secondly, liver insulin resistance is
an important pathogenesis of metabolic syndrome such as
hyperlipidemia, diabetes mellitus and nonalcoholic fatty

Table 3. The correlation analysis results of triglycerides.

Variables Correlation coefficient P-value

Sex −0.038 0.003

Age 0.026 0.045

SBP 0.11 <0.001

DBP 0.14 <0.001

BMI 0.178 <0.001

FPG 0.154 <0.001

2hPG 0.178 <0.001

HbA1c 0.179 <0.001

ALT 0.19 <0.001

AST 0.108 <0.001

GGT 0.276 <0.001

Table 4. Results of multiple regression analysis of triglycerides.

Variables B SE Wald EXP(B)(95% CI) P-value

SBP 0.00 0.00 0.17 1.00(1.00–1.00) 0.68

DBP 0.02 0.00 20.17 1.02(1.01–1.02) <0.001

BMI 0.09 0.01 55.11 1.09(1.07–1.12) <0.001

FPG −0.08 0.04 4.74 0.93(0.86–0.99) 0.03

2hPG 0.05 0.01 14.57 1.06(1.03–1.09) <0.001

HbA1c 0.22 0.06 15.20 1.24(1.11–1.39) <0.001

ALT 0.05 0.01 49.82 1.05(1.04–1.06) <0.001

AST −0.02 0.01 3.62 0.98(0.97–1.00) 0.06

GGT 0.01 0.00 73.98 1.01(1.01–1.02) <0.001

Figure 5. The decision tree. Orange nodules indicate hyperlipidemia and blue nodules indicate non-hyperlipidemia.
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liver disease. GGT is a liver enzyme index closely related to
liver steatosis such as fatty liver, so hyperlipidemia may
increase GGT level. More studies are needed to clarify
the mechanisms by which GGT levels are associated with
an increased prevalence of hypertriglyceridemia.

Based on statistical methods and decision tree, this study
find that GGT is an important biochemical indicator closely
related to the prevalence of hypertriglyceridemia. Even if

the GGT level is within the normal range, the prevalence
of hyperlipidemia will increase gradually with the increase
of GGT. Controlling GGT may reduce the prevalence of
hypertriglyceridemia, thereby reducing the risk of cardio-
vascular diseases. Controlling GGT concentration within
30 IU/L in the normoglycemia group and 20 IU/L in the
impaired glucose tolerance group can significantly reduce
the prevalence of hypertriglyceridemia, suggesting that
the incidence of hyperlipidemia can be prevented by con-
trolling GGT level in the sub-health state.

Overall, this study demonstrates that even GGT levels in
the normal range increase the risk of hypertriglyceridemia.
At present, GGT detection is relatively standard and
belongs to the detection scope of liver function, which is
economical, simple and feasible. Therefore, GGT detection
should be included in routine laboratory testing, and GGT
level should be appropriately controlled for different popu-
lations to reduce the risk of hyperlipidemia.
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