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Background: This study aims to investigate the associations of different (low/medium/high) levels of
fasting triglyceride (TG) levels with cardiovascular endpoints.
Methods: This cohort study comprised of in-service and retired employees of the Kailuan Coal Mine
Group, who participated in the health examination conducted in 11 hospitals in the Kailuan region from
June 2006 to October 2007 (n=100,271). The study population was divided into five groups according to
different TG levels. Logistic regression analysis was used to analyze the risk factors for myocardial infarction
(MI) in patients with elevated TG, and Cox proportional hazards regression analysis was used to analyze the
effects of different TG levels on endpoint events.
Results: After a median follow-up of 7 years, 961 patients developed MI and 3,142 subjects died. The
multivariate logistic regression analysis revealed that elevated TG, an age of ≥65 years old, body mass
index (BMI) >25 kg/m2, fasting blood glucose (FBG) ≥6.1 mmol/L and high density lipoprotein cholesterol
(HDL-C) <1.5 mmol/L were all risk factors for MI (P<0.05). Furthermore, Cox proportional hazards
regression model revealed that after controlling for gender, age and other factors, with the increase in TG
level, the relative risk of MI also increased. Compared to the TG1 group, the risk of MI increased to 1.32
folds in the TG4 group (95% CI: 1.05–1.66, P=0.018) and 1.61 folds in the TG5 group (95% CI: 1.21–1.93,
P=0.004). Furthermore, the risk of MI combined with all-cause death and all-cause death also increased, but
the differences were not all statistically significant.
Conclusions: In the study population of the Kailuan region, elevated fasting TG increases the risk of MI,
particularly in populations with an age of ≥65 years old, BMI >25 kg/m2, FBG ≥6.1 mmol/L and HDL-C
<1.5 mmol/L.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death
worldwide, which has become a worldwide public health
problem (1,2). Acute myocardial infarction (AMI) is a
common clinical critical illness. In the past few decades,
significant progress has been made in understanding,
preventing and controlling this disease. In particular, the
rise of reperfusion therapy significantly reduced mortality
and improved the prognosis of AMI (3-6). In recent years,
the role of low density lipoprotein density (LDL-C) in the
pathogenesis of atherosclerosis (AS) has attracted much
attention (7). However, more and more clinical trials have
revealed that after controlling for deterministic risk factors
such as LDL-C, the risk for coronary heart disease (CHD)
remained, while the increase in triglycerides (TG) was
significantly correlated with the increase in mortality, the
incidence of myocardial infarction (MI) and the recurrence
rate of coronary artery disease (8,9). Furthermore, elevated
plasma TG level is an independent risk factor for CHD
and AS (10-14). In the present study, the prevalence and
risk factors of MI and its correlation with fasting plasma
TG were investigated to provide basis for the effective
prevention and treatment of MI.
Methods
Subjects
This research cohort study comprised of in-service and
retired employees of the Kailuan Coal Mine Group,
who participated in the health examination conducted in
11 hospitals in the Kailuan region from June 2006 to
October 2007. A total of 100,271 employees were included
into the study. Subjects without relevant data, or those
who had a history of MI or stroke prior to enrollment were
excluded. This research was reviewed and approved by the
Ethics Committee of the Kailuan Medical Group (No.
2016-Sci.-101). The study population was divided into
five groups, according to different TG levels: TG1 group,
0.01–0.81 mmol/L; TG2 group, 0.82–1.19 mmol/L; TG3
group, 1.20–1.46 mmol/L; TG4 group, 1.47–2.16 mmol/L;
TG5 group, 2.17–19.95 mmol/L.
Survey method
Research questionnaire
Unified operating rules were first established. The
questionnaire was sent to the employees, and was
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individually filled. Then, all questionnaire contents were
verified item by item and face-to-face by a medical staff
who received a unified training. The questionnaire
included personal habits (including drinking, smoking,
exercise, sleep time and quality) and related disease
history (including hypertension, diabetes, MI, and
hypertension family history), educational level, and
economic income. The physical examinations were
carried out by trained medical staff. On the day of the
physical examination, fasting TG and other biochemical
indexes were detected.
Physical examinations
Height and weight were measured using a calibrated mass
balance (RGZ-120). The participants were asked to take
off their hat and shoes, and wear light clothing. Height
accuracy was set to 0.1 cm, and weight accuracy was set to
0.1 kg. Blood pressure was measured on the right brachial
artery using a calibrated mercury sphygmomanometer.
The subjects were prohibited from smoking or drinking
tea or coffee within 30 minutes before the blood pressure
measurement, and were instructed to seat quietly back
against something for more than 15 minutes. The
reading of systolic blood pressure (SBP) used the first
phase of the Korotkoff sound, and diastolic blood
pressure (DBP) used the fifth phase of the Korotkoff
sound. Blood pressure was continuously measured three
times, measurement interval was set at 1–2 minutes, and
the average value was calculated.
Biochemical index detection
Subjects were given at least 8 hours of fasting, and
approximately 5 mL of elbow vein blood was withdrawn on
the morning of the same day. Blood was centrifuged, and
the upper part of the serum was obtained for the detection
of fasting blood glucose (FBG), TG, total cholesterol (TC),
high density lipoprotein cholesterol (HDL-C), LDL-C,
uric acid (UA), creatinine (Cr) and other biochemical
indicators. The upper serum was transferred into
vacuum tubes containing ethylenediaminetetraacetic
acid (EDTA). All blood samples were processed and
analyzed using an auto-analyzer (Hitachi747; Hitachi,
Tokyo, Japan) at the central laboratory of Kailuan
General Hospital. TC level in serum was measured
using the endpoint test method. HDL-C and LDL-C
were measured using the direct test method. TG was
measured using the GPO method (inter-assay coefficient
of variation <10%; Mind Bioengineering Co. Ltd.,
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Shanghai, China). Non-HDL-C level was determined by
subtracting serum HDL-C from serum TC.
Follow-ups
Data on the new MI were collected every 6 months. The
completion points of the health examination conducted
between June 2006 and October 2007 was defined as
the starting point of the follow-ups, while the endpoint
events included MI and all-cause death. If endpoint events
occurred, it was recorded as a total endpoint event, and the
time and event of the first event was defined as the outcome.
The endpoint events of the subjects were recorded by
trained medical personnel in the hospital where the health
examination was carried out. Medical records from 2010,
which were filed in other medical units out of the health
examination hospital, were collected by the Medical
Insurance Center of Kailuan City once every 6 months,
and the relevant hospitalization data of subjects who
suffered from endpoint events were especially collected. All
diagnoses were verified by professional doctors according to
hospital admission records.
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Results
Comparison of the general conditions, biochemical indexes
and outcomes of subjects with different TG levels
In the study population of the Kailuan region, the
proportion of male subjects was higher in groups with high
TG levels, while the difference in age was not statistically
significant. With the increase in TG level, the proportion of
people with a history of smoking increased, body mass index
(BMI), SBP, DBP, FBG, UA and the rate of MI increased,
while HDL-C level gradually decreased, and the differences
were all statistically significant. Differences in TC and
LDL-C levels were not statistically significant (Table 1).
Multivariate logistic regression analysis results
The multivariate logistic regression analysis revealed that
in a population with elevated TG, an age of ≥65 years old,
BMI >25 kg/m2, FBG ≥6.1 mmol/L and HDL-C <1.5 mmol/L
were risk factors for MI (Table 2).

Relevant definitions and diagnostic criteria

Effect of the Cox proportional hazards regression model on
different endpoint events

Smoking: taking at least one cigarette a day for more than
a year. The diagnosis of hypertension was based on the
Guidelines of Prevention and Treatment of Hypertension
in China (15) (SBP ≥140 mmHg and/or DBP ≥90 mmHg).
The diagnosis of AMI was based on the diagnostic criteria
developed by the Chinese Society of Cardiovascular
Diseases of Chinese Medical Association (16). Exercise
frequency: more than three times a week for at least
30 minutes each time was considered regular exercise.
Otherwise, it was considered as less exercise.

After controlling for age, gender, BMI, UA, SBP, DBP,
creatine (Cr), FBG, lipid-lowing treatments, smoking
history, as the TG level increased, the relative risk of MI
also increased. Compared to the TG1 group, the risk of
MI increased to 1.32 folds in the TG4 group (95% CI:
1.05–1.66, P=0.018) and 1.61 folds in the TG5 group
(95% CI: 1.21–1.93, P=0.004). In addition, the risks of
MI combined with all-cause death and all-cause death
also increased, but the differences were all not statistically
significant (Table 3).

Statistical analysis

Discussion

Data were collected using the software Epidata 3.0
and analyzed using statistical software SPSS 18.0.
Measurement data were expressed as mean ± standard
deviation (SD). Intergroup comparison was conducted
using analysis of variance. Count data were evaluated
using χ 2-test. Logistic regression analysis was used to
analyze risk factors for MI in patients with elevated TG,
and Cox proportional hazards regression analysis was
used to analyze the effects of different TG levels on the
endpoint events. P<0.05 (two-tailed test) was considered
statistically significant.

With the changes in diet structures, the incidence of
dyslipidemia continuously increases. Dyslipidemia,
inflammation and immune reaction induced by abnormal
lipid metabolism are the basis of the occurrence and
development of CHD. A foreign study revealed that for
patients with a TG level ≥1.13 mmol/L, the risk of major
cardiovascular events significantly increased (17). As a
predictor of cardiovascular events, TG has its instability,
and it remains to be proven whether TG is its independent
risk factor by a large number of studies (10-14). In addition,
the results of a study revealed that plasma TG and HDL-C
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Table 1 Comparison of general conditions, biochemical indexes and outcomes in subjects with different TG levels
Variables

TG1

TG2

TG3

TG4

TG5

Number

19,836

25,171

14,733

20,331

20,200

Male, n (%)

14,887 (75.1)

19,947 (79.2)

11,854 (80.5)

16,377 (80.6)

17,008 (84.2)

<0.001

Age, years

50.36±13.71

52.29±12.98

52.32±12.65

52.98±12.15

51.55±11.48

0.067

Smoking history, n (%)

7,556 (38.1)

9,527 (37.8)

5,337 (36.2)

8,131 (40.0)

8,863 (43.9)

<0.001

23.35±3.21

24.45±3.29

25.18±3.31

25.92±3.32

26.47±3.37

0.033

SBP, mmHg

124.93±20.15

129.46±20.64

132.19±20.83

133.40±21.00

147.95±20.79

0.007

DBP, mmHg

79.75±11.10

82.32±11.35

84.12±11.58

87.83±11.66

91.74±11.91

0.013

TG, mmol/L

0.63±0.13

1.01±0.11

1.32±0.08

1.76±0.20

3.17±1.85

0.002

TC, mmol/L

4.16±0.92

4.89±0.95

5.05±1.02

5.19±1.03

5.04±1.59

0.058

HDL-C, mmol/L

1.59±0.41

1.57±0.39

1.56±0.39

1.53±0.40

1.42±0.42

0.041

LDL-C, mmol/L

2.20±0.92

2.37±0.88

2.44±0.88

2.44±0.91

2.31±0.95

0.137

FBG, mg/dL

5.13±1.23

5.33±1.44

5.44±1.56

5.61±1.78

6.41±2.17

0.017

UA, mmol/L

268.56±74.96

279.12±77.29

286.12±80.21

302.19±85.42

317.42±93.47

0.009

Cr, μmol/L

86.60±24.51

90.70±27.29

94.48±29.88

92.14±29.93

96.85±38.12

0.039

2 (0.01)

126 (0.5)

172 (1.1)

258 (1.2)

405 (2.0)

<0.001

16,583 (83.6)

21,144 (84.0)

12,553 (85.2)

16,895 (83.1)

17,311 (85.7)

<0.001

MI, n (%)

117 (0.6)

206 (0.8)

135 (0.9)

234 (1.2)

269 (1.3)

<0.001

Death, n (%)

566 (2.9)

835 (3.3)

462 (3.1)

671 (3.3)

608 (3.0)

0.029

MI + death, n (%)

670 (3.4)

1,010 (4.0)

581 (3.9)

881 (4.3)

840 (4.2)

<0.001

2

BMI, kg/m

Lipid-lowing treatments, n (%)
Less exercise, n (%)

P

Continuous variables were expressed as the mean ± SD if their distribution did not significantly deviate from the normal distribution
or median (interquartile range) if significant deviation from the normal distribution was found; categorical variables were expressed as
numbers and percentages. BMI, body mass index; UA, uric acid; TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; Cr, creatine; FBG,
fasting blood glucose; MI, myocardial infarction.

have a synergistic effect on the occurrence of CHD. When
plasma LDL-C concentration was <3.36 mmol/L, the risk
of CHD was 10 times as high in a population with high
TG (>2.98 mmol/L) and low HDL-C (<0.67 mmol/L),
compared with a population with low TG (<0.67 mmol/L)
and high HDL-C (>1.66 mmol/L). This study revealed that
with the increase in TG level, the rate of MI increased, the
level of HDL-C gradually decreased, and the relative risk of
MI also increased with the increase in TG level. Compared
to the TG1 group, the risk of MI increased to 1.32 folds
in the TG4 group and 1.61 folds in the TG5 group. This
suggests that high TG level is a risk factor for MI, and the
higher the TG level is, the greater the risk of MI.
Although a study revealed that the onset age of AMI
has become younger, the increase in TG and low-density
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lipoprotein was very often in young patients with AMI (18).
The results of this study suggested that an age of ≥65 years
was a risk factor for MI in a population with elevated TG,
while the effect of gender was not statistically significant.
The reason may be that the research population of
this study was mainly male and comprised of northern
occupational subjects.
A previous study revealed that the incidence of CVD
in an obese population was significantly higher than that
in a normal population, and obesity was a risk factor for
cardiovascular events, which increased the risk of death
induced by CVD (19). Another study revealed that in
patients with chronic diseases, the prognosis of patients
with obesity and overweight may be better, compared to
patients with normal BMI. That is, BMI was negatively
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correlated with cardiovascular prognosis (20). This suggests

of MI (21). The mechanism may be that hypertension
increases coronary perfusion pressure in patients, and
increases vessel wall tension, leading to vascular intimal
injury and blood lipid deposits in the vascular endothelium,
which makes the vascular lumen gradually become
narrow or even occluded, inducing MI (22). In this study,
SBP ≥140 mmHg and HBD ≥90 mmHg tended to be risk
factors for MI in a population with elevated TG. This
suggests that hypertension appear to be closely correlated
to the occurrence of MI.
Abnormal glucose metabolism is a common risk
factor for MI, and has an important influence on its
prognosis (23). In this study, with the increase in TG level,
fasting blood glucose level increased, and FBG ≥6.1 mmol/L
was a risk factor for MI in a population with elevated
TG. This suggests that hyperglycemia is correlated to the
occurrence of MI. In recent years, a number of studies have
suggested that serum UA is closely correlated to CVD, and
is one of the independent risk factors for CVD (24,25).
In this study, with the increase in TG level, UA level also
increased, but it was not a risk factor for MI in a population
with elevated TG. Hence, enough attention should be
continuously provided to this, and measures should be
taken to reduce the UA level under the control of other risk
factors.

that the relationship between BMI and cardiovascular
events remains controversial. This study revealed that
BMI >25 was a risk factor for MI in a population with
elevated TG. This suggests that BMI remains to be
associated with the occurrence of MI to a certain extent.
Hypertension is one of the risk factors of AMI, which plays
a certain role in the occurrence, development and prognosis

Table 2 Multivariate logistic regression analysis results
Variables

OR (95% CI)

P

≥65 years old

1.05 (1.004–1.10)

0.001

Male

1.04 (0.99–1.08)

0.511

Smoking history

1.08 (1.03–1.13)

0.051

0.897 (0.755–1.065)

0.215

BMI >25 kg/m2

1.07 (1.02–1.11)

0.008

SBP ≥140 mmHg

1.10 (1.03–1.17)

0.089

DBP ≥90 mmHg

1.06 (1.01–1.12)

0.132

FBG ≥6.1 mmol/L

1.05 (1.00–1.11)

0.017

TC ≥4.93 mmol/L

1.03 (0.98–1.08)

0.165

HDL-C <1.5 mmol/L

1.06 (1.01–1.12)

0.000

LDL-C ≥2.6 mmol/L

1.05 (0.98–1.12)

0.621

UA ≥282.00 μmol/L

1.04 (0.995–1.09)

0.819

Conclusions

Cr ≥89.00 mmol/L

1.04 (0.99–1.09)

0.071

In summary, high TG levels have a serious impact on
human life and health. It is a risk factor for MI. Therefore,
more attention should be given to the control and
management of blood lipid levels, in order to reduce the
incidence of adverse cardiovascular events.

Less exercise

OR, odds ratio; BMI, body mass index; UA, uric acid; TC,
total cholesterol; LDL-C, low density lipoprotein cholesterol;
HDL-C, high density lipoprotein cholesterol; SBP, systolic blood
pressure; DBP, diastolic blood pressure; Cr, creatine; FBG,
fasting blood glucose.

Table 3 Effect of the Cox proportional hazards regression model* on different endpoint events
Parameter

MI

MI combined with all-cause death

All-cause death

HR (95% CI)

P

HR (95% CI)

P

HR (95% CI)

P

TG1

1.00

–

1.00

–

1.00

–

TG2

1.12 (0.90–1.41)

0.137

1.04 (0.96–1.17)

0.513

1.03 (0.95–1.18)

0.751

TG3

1.16 (0.90–1.50)

0.091

1.06 (0.93–1.17)

0.389

1.07 (0.91–1.18)

0.612

TG4

1.32 (1.05–1.66)

0.018

1.11 (1.001–1.24)

0.180

1.08 (0.96–1.21)

0.330

TG5

1.61 (1.21–1.93)

0.004

1.19 (1.06–1.32)

0.056

1.13 (0.98–1.25)

0.171

*, models adjusted for age, gender, BMI, UA, SBP, DBP, Cr, FBG, lipid-lowing treatments, smoking history. BMI, body mass index; UA,
uric acid; SBP, systolic blood pressure; DBP, diastolic blood pressure; Cr, creatine; FBG, fasting blood glucose; HR, hazard ratio; TG,
triglycerides; MI, myocardial infarction.
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