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Purpose: The prevalence of cardiovascular diseases (CVDs) associated with

lipid levels is increasing worldwide. Our purpose is to analyze the distribution

level and influencing factors of lipid in the whole population and to put

forward suggestions for preventing abnormal lipid levels.

Methods: The study was based on a sample of 91,480 Chinese who

participated in a nationwide physical examination program in Wuhan, a

midland city in China, in 2018. The distribution of blood lipid in the population

was observed using average, and the relationship between the influencing

factors and blood lipid level was observed by quantile regression (QR).

Results: A total of 91,480 people were evaluated in this study, among which

59,165 (64.68%) were female with a mean age of 51.71 ± 10.82 years. QR

results showed that different physical examination indexes had different

effects on lipid levels. Fasting plasma glucose (FBG) has the largest QR

coefficient and BMI had positive effects on total cholesterol (TC), triglyceride

(TG), and low-density lipoprotein cholesterol (LDL-C). In males, age has a

positive influence on TC, LDL-C, and high-density lipoprotein cholesterol

(HDL-C), while in females, age has a positive influence on all four indexes.

Conclusion: We found that the TC and LDL-C levels of females were more

susceptible to age than males, and the lipid levels of older females were higher

than males. BMI has a greater effect on lipid levels in males than in females.

Regardless of gender should pay attention to dyslipidemia caused by diabetes

and abnormal liver function.
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Introduction

Cardiovascular disease (CVDs) is one of the leading causes
of morbidity and mortality worldwide, which is a disease
of the heart and blood vessels, including coronary heart
disease, cerebrovascular disease, rheumatic heart disease, and
other diseases (1), and hyperlipidemia has been recognized
as a major risk factor (2). Blood lipid is the general name
of cholesterol, triglyceride (TG), and lipoprotein in serum,
and these indicators are closely related to clinical symptoms
(3, 4). Since elevated plasma cholesterol and triglyceride
levels are associated with the development of atherosclerosis,
particularly non–high–density lipoprotein cholesterol (non–
HDL–C) and low-density lipoprotein cholesterol (LDL-C),
lipid markers are generally considered strong indicators of
CVDs damage (5). Results of a large population-based study
show that elevated high-density lipoprotein cholesterol (HDL-
C) is strongly associated with reduced atherosclerotic events
(6). However, limited studies have assessed the relationship
between lipid profile and mortality among the general
population but few studies have been conducted in Chinese
populations (7).

Alanine aminotransferase (ALT) is an enzyme mainly
present in liver cells and usually present in serum at low
levels (8). Glutamic oxalacetictransaminase (GOT) is often
used as an auxiliary examination for myocardial infarction and
myocarditis. However, ALT and COT levels are significantly
elevated during hepatocyte injury and are sensitive and reliable
markers of liver inflammation. Extensive epidemiological
studies have shown that CVDs is associated with serum liver
enzyme concentrations, in part due to underlying non-alcoholic
fatty liver disease (NAFLD) and its consequent effects on
metabolism (9). Several cohort studies showed that elevated
ALT and GOT levels were associated with an excessive risk
of all-cause and cardiovascular death, and the risk increased
with age (10, 11). The relationship between liver serum
markers and cardiovascular risk is unclear. In addition, age and
obesity may influence the association with mortality. Substantial
clinical and epidemiological evidence indicates that obesity
can directly or indirectly increase the incidence and mortality
of CVDs s, including coronary heart disease, heart failure,
hypertension, stroke, atrial fibrillation, and sudden cardiac
death (12). Metabolic syndrome (MS), a risk factor for CVDs,
is associated with higher BMI and dyslipidemia, which are due
to elevated triglycerides (TG) and reduced HDL-C. Overweight
and obesity affect individuals of all ages, but are especially
common among middle-aged adults and getting younger. Old
age has long been considered a risk factor for CVDs, but there
is now evidence that the incidence of CVDs in adults over the
age of 50 is declining, and that CVDs is moving toward younger
people (5).

The development of dyslipidemia is a continuous and long-
term process, and the change in lipid index can reflect the

progress of dyslipidemia to a certain extent. Therefore, it is
of great significance to study the relationship between lipid
index and influencing factors. At present, considering that few
studies have discussed the general trend of blood lipid and the
influence of other indicators on blood lipid in the population
undergoing a physical examination. Therefore, through the
physical examination program from Huangpi District, Wuhan,
we analyzed the status of blood lipid examination among people
of all ages, to explore the risk factors of blood lipid, analyze the
degree of influence, and provide guidance for the prevention of
CVDs. In the meanwhile, we adopted the method of quantile
regression (QR) to explore the distribution of blood lipids in the
population and the relationship between the influencing factors.
Compared with ordinary regression, this kind of regression is
more applicable and intuitive (13). In this case, our results
will be closer to the actual situation and reflect different
degrees of influence.

Materials and methods

Study participants

This cross-sectional study was initiated from the nationwide
physical examination program in Huangpi District, Wuhan,
to evaluate dynamic trends in TC, TG, LDL-C, and HDL-
C levels with influencing factor in the general Chinese
population. The nationwide physical examination is carried
out according to the age group of the population. The
children aged 0–6 are headed by the District Education
Bureau and the Maternal and Child Health Hospital, the
students aged 7–18 are headed by the District Education
Bureau, and the residents aged 19 and above are organized by
the streets.

In this study, we initial included 99,470 participants aged
3–99 years old in 2018. After excluding the population lacking
fasting blood glucose, triglyceride and other data, a total of
91,480 people were evaluated were included in the study,
with complete physical indicators. Participants in the study
were voluntary and data confidentiality was guaranteed by
the research team.

Measurements

The items of examination include general basic
examination, routine laboratory examination, laboratory
biochemical examination, imaging examination, and screening
for non-communicable diseases. In order to facilitate the
physical examination of residents, Huangpi District government
purchased professional mobile health service vehicles. The
vehicle is equipped with automatic biochemical analyzer,
portable color Doppler ultrasound diagnostic instrument, urine
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analyzer, portable 12—lead ECG machine, medical automatic
sphygmomanometer, folding portable body height, weight
and body temperature integrated machine, cardiovascular
and cerebrovascular disease screening equipment, defibrillator
and other equipment, which can carry out blood routine,
urine routine, blood glucose and lipid, liver function, renal
function and other test items. All examinations are conducted
by trained doctors and nurses, strictly following the physical
examination system.

Statistical analysis

Data were analyzed with SPSS 25.0 and STATA 15.0. To
describe our sample, general characteristics were described as
mean values and standard deviations. The t-test was used for
differences in general characteristics between groups; the chi-
square test was used for categorical variables. We used QR
to explore the risk factors associated with the distribution of
four lipid markers (TC, TG, HDL, and LDL). We selected ten
quantiles (from 10th to the 100th) of indicators based on the
lowest to the highest indicators. These indicators were chosen
as dependent variables since these indicators reflect the human
body’s blood lipid situation and ensure a sufficient sample size.
In the meanwhile, age, BMI, Fasting plasma glucose (FBG), ALT,
and AST were chosen as a concomitant variable. QR coefficients
were calculated and graphs were drawn to describe the influence
of covariables on dependent variables more vividly. p-values
of < 0.05 were considered statistically significant.

Results

Baseline characters

A total of 91,480 people were evaluated in this study,
among which 59,165 (64.68%) were female with a mean age of
51.71 ± 10.82 years. Characteristics of the participants by gender
are presented in Table 1. In this study, the six indexes of age,
BMI, FBG, TG, ALT, and GOT were slightly lower in females
than in males (P<0.005), while TC was higher than in males,
with statistical significance.

To assess the effects of age and BMI on lipid levels, we
divided the whole population, calculated the average lipid levels
of each population, and plotted them by sex (Figures 1, 2).
Apparently, non-linear trends between age and lipid levels
were found. For males, TC levels increased from 4.42 mmol/L
in that 21∼30 years to 4.67 mmol/L in that 31–40 years,
plateaued between 41 and 70, and then decreased from 4.49
mmol/L in those > 80 years (Figure 1A). For females, TC levels
significantly increased from 4.29 mmol/L in that 31∼40 year
to 5.07 mmol/L in that 61∼70 year, and then it stabilizes. The
observed trends for TG in females differed from those in males

(Figure 1B). TG levels significantly increased from 1.04 mmol/L
in those 21∼30 years to 1.94 mmol/L in those 31∼40 years
in males, but the increase was smaller for females. LDL levels
increase rapidly in males younger than 50 years from 2.11 to
2.71 mmol/L and in females between 40 and 60 years from 2.59
to 2.84 mmol/L (Figure 1C). Thus, in those < 50 years, the
males had higher LDL levels than females. However, females
have higher LDL levels than males as they get older. When
females are over 80, their LDL levels were 2.81 mmol/L, but for
males, it is 2.56 mmol/L. HDL changes were similar in males
and females, and HDL levels were consistently higher in females
than in males (Figure 1D).

TC levels increased with the increase of BMI in both males
and females and the female was high than the male (Figure 2A).
TG levels significantly increased from 1.39 mmol/L in the
normal population to 1.96 mmol/L in those overweight men
(Figure 2B). In women, a similarly regular increasing trend of
TG was found in those overweight, but the average TG was lower
in women than in men. LDL levels were less than 2.4 mmol/L
for both men and women who weighed less (<18.5 Kg/m2).
When BMI increased by more than 24 Kg/m2, LDL increased by
more than 2.78 mmol/L (Figure 2C). HDL values decreased with
increasing BMI in the whole population (Figure 2D). In men,
HDL levels decreased from 1.36 to 1.23 mmol/L, while BMI
increased from 18.5 ∼24 to 24 ∼ 28 Kg/m2. For women, HDL
levels decreased from 1.43 to 1.34 mmol/L, while BMI increased
from 18.5 ∼24 to 24 ∼ 28 Kg/m2.

Quantile regression analyses of lipid
levels

To further determine the potential influencing factors for
the distribution of lipid levels, Tables 2, 3 and Figures 3, 4
list coefficients of multivariate QR between the lipid levels and
their influencing factors for males and females independently. In
males, FBG and ALT were positively associated with TC levels
in all quantiles, and the coefficients of FBG and ALT showed
an increasing trend with TC levels. The quantile coefficients
of age, BMI and GOT increased first, then decreased (Q0.6),
and then increased with the change of TC level, maximum in
high quantiles (Q0.8). BMI, FBG, ALT and GOT were positively
associated with TG levels in all quantiles. Interestingly, age
is inversely proportional to TG levels. In the results of LDL,
the highest QR coefficient of BMI was 0.026 (Q0.6∼Q0.9).
The regression coefficients of age and ALT fluctuated but
generally showed an upward trend. The regression coefficient
of GOT increased gradually, but it was negatively correlated
with LDL level. BMI and ALT were negatively correlated with
LDL levels. Q0.7 is the zero bound point of the FBG quantile
regression coefficient, the quantile regression coefficient is less
than 0 in the low quantile and then gradually increases to
0.007 (Q0.9).
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TABLE 1 Descriptive characteristics of participants by gender.

Variable Total (n = 91,480) Male (n = 32,315) Female (n = 59,165) T P-value

Age (year) 51.97 ± 11.13 52.43 ± 11.66 51.71 ± 10.82 9.300 <0.001

BMI (Kg/m2) 24.02 ± 3.47 24.29 ± 3.36 23.87 ± 3.52 17.328 <0.001

FBG (mmol/L) 5.35 ± 1.70 5.43 ± 1.80 5.30 ± 1.64 11.397 <0.001

TC (mmol/L) 4.77 ± 0.93 4.72 ± 0.92 4.80 ± 1.80 −12.591 0.003

TG (mmol/L) 1.56 ± 1.29 1.73 ± 1.59 1.46 ± 1.08 30.280 <0.001

LDL (mmol/L) 2.70 ± 0.80 2.70 ± 0.80 2.70 ± 0.80 −1.176 <0.001

HDL (mmol/L) 1.35 ± 0.35 1.28 ± 0.35 1.39 ± 0.34 −42.592 0.449

ALT (U/L) 20.05 ± 13.10 23.64 ± 14.72 18.09 ± 11.67 62.632 <0.001

GOT (U/L) 22.08 ± 9.14 23.79 ± 10.00 21.14 ± 8.50 42.328 <0.001

ALB (g/L) 46.14 ± 3.12 46.54 ± 3.29 45.92 ± 3.00 29.192 <0.001

Bil (µmol/L) 11.39 ± 5.31 12.90 ± 6.00 10.57 ± 4.69 64.785 <0.001

Scr (µmol/L) 65.68 ± 17.30 78.30 ± 16.55 58.79 ± 13.37 193.521 <0.001

BUN (mmol/L) 5.07 ± 1.52 5.42 ± 1.59 4.87 ± 1.45 52.698 <0.001

Descriptive characteristics of participants by gender [X ± SD]. X, mean; SD, standard deviations; BMI, body mass index; FBG, fasting plasma glucose; TC, total cholesterol; TG,
triglycerides; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ALT, alanine aminotransferase; GOT, glutamic oxalacetictransaminase; ALB, albumin; TBil, total bilirubin;
Scr, serum creatinine; BUN, blood urea nitrogen.

FIGURE 1

Lipid levels according to age groups. (A–D) The red and blue lines indicate trends for males and females, respectively. The dotted line represents
a 95% confidence interval and the bars represent the number of males and females. (A–D) Represent TC, TG, LDL, and HDL levels by age groups.
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FIGURE 2

Lipid levels according to body mass index groups. (A–D) The red and blue lines indicate trends for males and females, respectively. The dotted
line represents a 95% confidence interval and the bars represent the number of males and females. (A–D) Represent TC, TG, LDL, and HDL
levels by BMI groups.

In females, age, FBG, ALT and GOT were positively
associated with TC levels in all quantiles, and they have
the largest QR coefficient in high quantiles. The regression
coefficients of BMI fluctuated slightly but generally showed
an upward trend. Age, BMI, FBG, and ALT were positively
associated with TG levels. The figure showed the specific
information about the trend of covariates effects. The confidence
interval starts very narrow and then gets wider, indicating a
bigger standard error in high quantiles when analyzing the
interaction between TG and GOT in females. In addition,
the regression coefficients of BMI, ALT, GOT and LDL also
fluctuated significantly, and the maximum regression coefficient
appeared in Q.7∼Q0.8. In the results of HDL, age and
GOT were positively associated with HDL levels, others are
the opposite.

Comparing the QR coefficients for men and women, we
found that women’s TC and LDL levels were more susceptible
to age than men’s. What is more noteworthy is that age changes
in males and females have opposite effects on TG values. BMI
has a greater effect on lipid levels in men than in women, The

regression coefficients of BMI, TC, and LDL increased rapidly
at low quantile and then fluctuated little. FBG had the greatest
effect on TC and TG in both men and women, especially in high
quantiles. The effects of GOT on TC and LDL were also different
in men and women.

Discussion

We used a QR model to assess the distribution and
influencing factors of lipids, including demographic
characteristics, blood glucose, and liver serum markers.
The results show that different factors have different influence
trends and degrees on blood lipid. We found that Men’s
blood lipid levels increase rapidly during middle age, while
women’s increase with age. And the influence of age change
on the TG value of men and women is the opposite in old.
Men are more likely to be affected by BMI. The effects of
FBG, Alt, and GOT on lipid levels should be paid more
attention to in high quantile. These results will provide more
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TABLE 2 Quantile regression coefficients and 95% confidence intervals between lipid levels and variables for males.

Variable Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

TC

Age *0.003
(0.002,
0.005)

*0.005
(0.004,
0.007)

*0.006
(0.005,
0.007)

*0.006
(0.005,
0.007)

*0.006
(0.005,
0.007)

*0.007
(0.006,
0.008)

*0.007
(0.005,
0.008)

*0.008
(0.007,
0.010)

*0.008
(0.006,
0.010)

BMI *0.016
(0.012,
0.021)

*0.020
(0.015,
0.024)

*0.021
(0.017,
0.024)

*0.021
(0.017,
0.024)

*0.023
(0.020,
0.027)

*0.022
(0.020,
0.026)

*0.022
(0.017,
0.026)

*0.027
(0.022,
0.032)

*0.026
(0.020,
0.033)

FBG *0.012
(0.003,
0.021)

*0.021
(0.011,
0.030)

*0.023
(0.016,
0.030)

*0.031
(0.023,
0.039)

*0.034
(0.025,
0.043)

*0.039
(0.032,
0.047)

*0.048
(0.037,
0.059)

*0.055
(0.045,
0.065)

*0.060
(0.047,
0.073)

ALT *0.003
(0.002,
0.005)

*0.005
(0.003,
0.006)

*0.005
(0.004,
0.006)

*0.006
(0.004,
0.007)

*0.007
(0.005,
0.008)

*0.008
(0.006,
0.009)

*0.008
(0.007,
0.010)

*0.009
(0.007,
0.010)

*0.009
(0.008,
0.011)

GOT −0.001
(−0.003,

0.001)

−0.0003
(−0.002,

0.002)

0.001
(−0.001,

0.002)

*0.002
(0.000,
0.004)

*0.002
(0.000,
0.004)

0.002
(0.000,
0.003)

*0.003
(0.000,
0.005)

*0.003
(0.001,
0.005)

*0.004
(0.001,
0.006)

TG

Age *−0.002
(−0.002,
-0.001)

*−0.003
(−0.003,
-0.002)

*−0.004
(−0.004,
-0.003)

*−0.005
(−0.00,
-0.005)

*−0.006
(−0.00,
-0.005)

*−0.008
(−0.00,
-0.007)

*−0.009
(−0.01,
-0.008)

*−0.012
(−0.01,
-0.010)

*−0.019
(−0.02,
-0.016)

BMI *0.030
(0.028,
0.0330

*0.043
(0.040,
0.045)

*0.050
(0.048,
0.053)

*0.061
(0.058,
0.064)

*0.071
(0.068,
0.075)

*0.084
(0.080,
0.088)

*0.101
(0.096,
0.106)

*0.119
(0.113,
0.125)

*0.162
(0.150,
0.173)

FBG *0.023
(0.018,
0.028)

*0.035
(0.029,
0.040)

*0.049
(0.042,
0.056)

*0.061
(0.054,
00.067)

*0.073
(0.064,
0.081)

*0.092
(0.081,
0.102)

*0.118
(0.104,
0.132)

*0.162
(0.140,
0.184)

*0.266
(0.225,
0.306)

ALT *0.006
(0.006,
0.007)

*0.008
(0.007,
0.009)

*0.010
(0.009,
0.011)

*0.012
(0.010,
0.013)

*0.014
(0.013,
0.015)

*0.015
(0.014,
0.017)

*0.019
(0.017,
0.020)

*0.023
(0.020,
0.026)

*0.029
(0.025,
0.033)

GOT *−0.004
(−0.005,
-0.003)

*−0.005
(−0.006,
-0.004)

*−0.005
(−0.006,
-0.003)

*−0.005
(−0.00,
-0.003)

*−0.004
(−0.00,
-0.003)

*−0.003
(−0.00,
-0.002)

*−0.003
(−0.00,
-0.001)

−0.002
(−0.005,

0.001)

0.004
(−0.002,

0.001)

LDL

Age *0.004
(0.003,
0.005)

*0.005
(0.004,
0.006)

*0.006
(0.005,
0.007)

*0.006
(0.005,
0.007)

*0.006
(0.005,
0.007)

*0.007
(0.006,
0.007)

*0.007
(0.005,
0.008)

*0.007
(0.006,
0.009)

*0.008
(0.006,
0.009)

BMI *0.016
(0.013,
0.020)

*0.022
(0.019,
0.025)

*0.024
(0.020,
0.028)

*0.024
(0.021,
0.026)

*0.024
(0.020,
0.028)

*0.026
(0.022,
0.029)

*0.026
(0.022,
0.030)

*0.026
(0.022,
0.030)

*0.026
(0.021,
0.032)

FBG *−0.014
(−0.021,
-0.008)

*−0.001
(−0.017,
-0.003)

−0.004
(−0.011,

0.003)

0.000
(−0.006,

0.005)

0.006
(0.005,
0.008)

*0.009
(0.002,
0.015)

*0.010
(0.003,
0.018)

*0.018
(0.009,
0.027)

*0.024
(0.015,
0.033)

ALT *0.006
(0.004,
0.007)

*0.006
(0.005,
0.007)

*0.006
(0.005,
0.008)

*0.007
(0.006,
0.008)

*0.007
(0.005,
0.008)

*0.008
(0.007,
0.009)

*0.008
(0.007,
0.009)

*0.008
(0.007,
0.010)

*0.008
(0.006,
0.010)

GOT *−0.008
(−0.010,
-0.006)

*−0.006
(−0.008,
-0.005)

*−0.006
(−0.008,
-0.004)

*−0.005
(−0.007,
-0.003)

*−0.004
(−0.00,
-0.002)

*−0.004
(−0.00,
-0.003)

*−0.004
(−0.00,
-0.003)

*−0.003
(−0.010,
-0.001)

*−0.003
(−0.005,

0.000)

HDL

Age *0.002
(0.002,
0.002)

*0.002
(0.002,
0.003)

*0.002
(0.002,
0.002)

*0.002
(0.002,
0.003)

*0.003
(0.002,
0.003)

*0.003
(0.002,
0.003)

*0.003
(0.003,
0.004)

*0.003
(0.003,
0.004)

*0.004
(0.003,
0.004)

BMI *−0.014
(−0.015,
-0.012)

*−0.014
(−0.015,
-0.013)

*−0.015
(−0.016,
-0.014)

*−0.018
(−0.019,
-0.017)

*−0.020
(−0.022,
-0.019)

*−0.022
(−0.02,
-0.021)

*−0.025
(−0.02,
-0.024)

*−0.027
(−0.02,
-0.025)

*−0.029
(−0.032,
-0.026)

(Continued)
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TABLE 2 (Continued)

Variable Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

FBG *−0.008
(−0.011,
-0.005)

*−0.007
(−0.008,
-0.005)

*−0.006
(−0.008,
-0.003)

*−0.004
(−0.006,
-0.002)

−0.002
(−0.005,

0.001)

−0.002
(−0.005,

0.000)

0.000
(−0.003,

0.003)

0.003
(−0.001,

0.007)

*0.007
(0.002,
0.013)

ALT 0.000
(−0.001,

0.000)

*−0.001
(−0.001,
-0.001)

*−0.001
(−0.002,
-0.001)

*−0.002
(−0.002,
-0.001)

*−0.002
(−0.002,
-0.002)

*−0.002
(−0.003,
-0.002)

*−0.003
(−0.00,
-0.002)

*−0.004
(−0.00,
-0.003)

*−0.005
(−0.00,
-0.004)

GOT 0.000
(−0.001,

0.001)

*0.001
(0.001,
0.002)

*0.002
(0.001,
0.003)

*0.003
(0.002,
0.004)

*0.004
(0.003,
0.004)

*0.005
(0.004,
0.006)

*0.006
(0.005,
0.007)

*0.008
(0.007,
0.009)

*0.011
(0.009,
0.012)

*P < 0.05.

detailed guidance for maintaining normal blood lipid levels and
preventing CVDs.

Age and body mass index effects on
blood lipid

In our study, the effect of age on TC, HDL, and LDL was
similar in men and women except for TG. With the increase of
age, the three indexes of blood lipid, TC, HDL, and LDL, have
different degrees of increase. We usually think of old age as a risk
factor for CVDs, but some experiments have shown that it might
be an attenuation of the association between total cholesterol
(TC) and mortality with an increase in age (14). The mortality
rate and levels of TC have a U-curve pattern, and the very low
levels of TC are associated with increased frail syndrome and
mortality. Similarly, a study based on older adults found that
elevated TC levels were significantly associated with a reduced
risk of all-cause mortality, primarily due to a reduced risk of
non-CVDs (15). This suggests that for the very old, the causes
of death are complex, not just lipid factors. At the same time,
high TC levels gradually appeared younger. We not only need to
pay attention to the lipid profile of young people but also need to
pay attention to the health of the elderly from a comprehensive
and multi-angle. In men, TG decreases with age, while in women
it decreases. Sex differences in lipid metabolism are the result
of sex chromosomes and sex-specific hormones. Women store
more lipids and have a higher percentage of body fat than men,
and their TG synthesis rate is higher than that of men (16, 17).
Aging in men enhances the negative effects of androgens on
blood lipids (18). Among the elderly, the levels of TC, TG, and
LDL in women are significantly higher than those in men, which
may be the reason why the onset of CVDs in women is later than
that in men (19). In recent years, the number of CVDs cases
and deaths has been higher in women than in men (20). With
the increase in BMI, blood lipid levels also increased to different
degrees. In our study, LDL significantly did not increase linearly
with age, which is in contrast to a population study in the
United States. In overweight people, with increasing BMI, the
level of LDL-C tends to be flat or decreased in males (21).

Fasting plasma glucose and liver serum
markers effects blood lipid

Consistent with our findings, existing research
demonstrated that hyperglycemia was in concert with the
potential risk factors of CVDs s, for instance, elevated TG and
TC (22, 23). People with high fasting glucose had a higher
prevalence of elevated lipids (24). Elevated serum glucose
levels can affect enzymes such as serum glutamic oxaloacetic
aminotransferase (SGOT), ALT, alkaline phosphatase (ALP),
and creatinine kinase (CK), thus affecting serum levels. The
characteristics of dyslipidemia in diabetes mellitus are low
HDL-C, increased triglyceride (TG), increased low-density
lipoprotein (sdLDL), and postprandial lipidaemia (25).
The relationship between diabetes and CVDs is complex,
with studies suggesting that a high ratio of TC to HDL-C
predicts type 2 diabetes. Therefore, it is necessary not only
to control blood glucose but also to carry out multi-factor
intervention on dyslipidemia and hypertension to prevent
vascular complications in diabetic patients. ALT was positively
correlated with TC, TG, and LDL in the whole population. The
effect of GOT on blood lipids in men and women is inconsistent.
Recently, there is limited evidence available suggesting TG and
decreased HDL-C concentrations always appear in MS, which
may be related to insulin resistance (26). In a study in Taiwan,
abnormal AST and ALT levels were associated with uric acid,
TG, fasting blood glucose levels, and males. Currently, liver
function enzymes, ALT, and GOT are emerging biomarkers
of CVDs risk (27). However, since the causes of CVDs are
complex, the true impact of ALT on CVDs remains to be
studied (10). Therefore, attention should be paid to liver and
kidney functions when abnormal blood lipids exist to prevent
the occurrence of complications.

Strengths and limitations

Our study had several strengths and shortcomings. In
previous studies, few of them applied QR to select variables
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TABLE 3 Quantile regression coefficients and 95% confidence intervals between lipid levels and variables for females.

Variable Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

TC

Age *0.017
(0.016,
0.018)

*0.020
(0.020,
0.021)

*0.022
(0.022,
0.023)

*0.024
(0.023,
0.025)

*0.025
(0.024,
0.026)

*0.026
(0.025,
0.027)

*0.027
(0.026,
0.028)

*0.029
(0.028,
0.030)

*0.031
(0.020,
0.033)

BMI *0.005
(0.002,
0.008)

*0.007
(0.005,
0.010)

*0.009
(0.007,
0.012)

*0.009
(0.007,
0.011)

*0.009
(0.006,
0.011)

*0.010
(0.008,
0.013)

*0.010
(0.007,
0.013)

*0.011
(0.007,
0.015)

*0.010
(0.005,
0.015)

FBG *0.008
(0.000,
0.017)

*0.020
(0.014,
0.027)

*0.024
(0.017,
0.030)

*0.029
(0.021,
0.037)

*0.039
(0.032,
0.047)

*0.048
(0.042,
0.054)

*0.058
(0.050,
0.066)

*0.065
(0.055,
0.074)

*0.078
(0.066,
0.090)

ALT *0.003
(0.001,
0.005)

*0.004
(0.003,
0.005)

*0.005
(0.003,
0.006)

*0.005
(0.004,
0.007)

*0.006
(0.004,
0.007)

*0.007
(0.005,
0.008)

*0.007
(0.005,
0.008)

*0.008
(0.006,
0.010)

*0.010
(0.007,
0.012)

GOT 0.001
(−0.001,

0.003)

0.001
(−0.001,

0.002)

0.001
(0.000,
0.003)

0.002
(0.000,
0.003)

*0.002
(0.000,
0.004)

*0.003
(0.001,
0.005)

*0.004
(0.002,
0.006)

*0.006
(0.004,
0.008)

*0.007
(0.004,
0.011)

TG

Age *0.005
(0.005,
0.006)

*0.007
(0.006,
0.007)

*0.007
(0.007,
0.008)

*0.008
(0.008,
0.009)

*0.009
(0.008,
0.009)

*0.010
(0.010,
0.010)

*0.011
(0.010,
0.011)

*0.012
(0.011,
0.013)

*0.014
(0.013,
0.016)

BMI *0.022
(0.021,
0.024)

*0.028
(0.027,
0.030)

*0.035
(0.033,
0.037)

*0.039
(0.038,
0.041)

*0.046
(0.044,
0.048)

*0.052
(0.050,
0.055)

*0.061
(0.058,
0.063)

*0.072
(0.069,
0.075)

*0.093
(0.087,
0.098)

FBG *0.027
(0.022,
0.031)

*0.034
(0.031,
0.037)

*0.042
(0.037,
0.047)

*0.055
(0.049,
0.060)

*0.068
(0.061,
0.075)

*0.091
(0.081,
0.100)

*0.118
(0.108,
0.129)

*0.156
(0.142,
0.171)

*0.227
(0.203,
0.250)

ALT *0.004
(0.004,
0.005)

*0.007
(0.006,
0.007)

*0.008
(0.007,
0.009)

*0.010
(0.009,
0.011)

*0.011
(0.010,
0.012)

*0.012
(0.011,
0.014)

*0.015
(0.014,
0.017)

*0.019
(0.017,
0.021)

*0.026
(0.024,
0.029)

GOT *−0.002
(−0.003,
-0.002)

*−0.003
(−0.004,
-0.003)

*−0.004
(−0.005,

0.003)

*−0.004
(−0.00,
-0.003)

*−0.005
(−0.00,
-0.003)

*−0.004
(−0.00,
0.003)

*−0.005
(−0.00,
-0.003)

*−0.006
(−0.00,
-0.004)

*−0.005
(−0.009,

0.002)

LDL

Age *0.011
(0.010,
0.011)

*0.013
(0.012,
0.014)

*0.015
(0.014,
0.015)

*0.016
(0.015,
0.017)

*0.017
(0.017,
0.018)

*0.019
(0.018,
0.020)

*0.020
(0.019,
0.021)

*0.022
(0.021,
0.022)

*0.025
(0.023,
0.026)

BMI *0.015
(0.014,
0.018)

*0.017
(0.015,
0.019)

*0.019
(0.017,
0.021)

*0.018
(0.006,
0.021)

*0.019
(0.017,
0.21)

*0.019
(0.017,
0.022)

*0.020
(0.018,
0.023)

*0.020
(0.017,
0.023)

*0.019
(0.015,
0.023)

FBG −0.005
(−0.013,

0.002)

0.002
(−0.003,

0.008)

*0.008
(0.004,
0.013)

*0.013
(0.008,
0.018)

*0.017
(0.011,
0.023)

*0.022
(0.016,
0.028)

*0.027
(0.022,
0.033)

*0.032
(0.026,
0.038)

*0.036
(0.027,
0.045)

ALT *0.004
(0003,
0.006)

*0.005
(0.003,
0.006)

*0.005
(0.004,
0.006)

*0.005
(0.004,
0.006)

*0.005
(0.004,
0.006)

*0.006
(0.005,
0.007)

*0.007
(0.006,
0.008)

*0.007
(0.005,
0.008)

*0.007
(0.005,
0.009)

GOT *−0.003
(−0.005,
-0.002)

*−0.002
(−0.004,

0.000)

−0.001
(−0.003,

0.002)

−0.001
(−0.002,

0.001)

0.000
(−0.001,

0.002)

(−0.001,
0.002)

0.000
(−0.001,

0.002)

0.002
(−0.001,

0.004)

*0.003
(0.001,
0.006)

HDL

Age *0.002
(0.002,
0.002)

*0.002
(0.002,
0.003)

*0.003
(0.002,
0.003)

*0.003
(0.003,
0.003)

*0.003
(0.003,
0.003)

*0.003
(0.003,
0.003)

*0.003
(0.003,
0.004)

*0.003
(0.003,
0.004)

*0.004
(0.003,
0.004)

(Continued)
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TABLE 3 (Continued)

Variable Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

BMI *−0.012
(−0.013,
-0.010)

*−0.013
(−0.013,
-0.012)

*−0.015
(−0.015,
-0.014)

*−0.016
(−0.017,
-0.016)

*−0.018
(−0.019,
-0.017)

*−0.020
(−0.021,
-0.019)

*−0.021
(−0.022,

0.020)

*−0.024
(−0.025,
-0.022)

*−0.026
(−0.028,
-0.025)

FBG *−0.008
(−0.011,
-0.006)

*−0.010
(−0.012,
-0.009)

*−0.009
(−0.011,
-0.007)

*−0.008
(−0.011,

0.006)

*−0.008
(−0.009,
-0.006)

*−0.007
(−0.009,
-0.005)

*−0.006
(−0.008,
-0.004)

*−0.006
(−0.009,
-0.003)

*−0.005
(−0.008,
-0.001)

ALT *−0.001
(−0.002,
-0.001)

*−0.002
(−0.002,

0.001)

*−0.002
(−0.002,
-0.002)

*−0.002
(−0.003,
-0.002)

*−0.002
(−0.003,
-0.002)

*−0.003
(−0.003,
-0.002)

*−0.003
(−0.004,
-0.003)

*−0.004
(−0.004,
-0.003)

*−0.004
(−0.005,
-0.003)

GOT *0.001
(0.001,
0.002)

*0.002
(0.001,
0.003)

*0.003
(0.002,
0.003)

*0.004
(0.003,
0.004)

*0.004
(0.004,
0.005)

*0.005
(0.004,
0.006)

*0.006
(0.006,
0.007)

*0.007
(0.006,
0.008)

*0.009
(0.007,
0.010)

*P < 0.05.

FIGURE 3

Quantile regression (QR) results for lipid levels (males). (A–D) Represent the quantile regression results of TC, TG, LDL-c, and HDL-c levels,
respectively.

associated with blood lipid, which ensured the strengths
of avoiding collinearity and increasing the robustness. In
our study, QR both performed well in providing variable
selections and describing their effects on blood lipid in

different sites. Unlike the OLS, which can merely describe the
partial effects of independent variables made on dependent
variables, the QR model gives an overall analysis of how those
factors affect the blood lipid whatever distribution the data
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FIGURE 4

Quantile regression (QR) results for lipid levels (females). (A–D) Represent the quantile regression results of TC, TG, LDL-c, and HDL-c levels,
respectively.

meet, more accurate and robust. In addition, the database
provided large sample sizes with representativeness, covering
all ages.

However, the limitations of our study should be noted. First
of all, this study is a cross-sectional study, and the results of
the data cannot determine the causal relationship. And the
regression coefficient is statistically significant, but the value
is small. Second, although the population in this study is
expected to cover all age groups, most of them are middle-
aged people and there are data on teenagers. Therefore, the
influence of lipids on adolescents needs to be further analyzed
and explored. Third, our study participants were limited to those
who participates in a national health examination for health
promotion screening and appeared to be slightly healthier than
others, and thus, they may not have been representative of
the general population. In addition, there are racial differences
in serum cholesterol levels, but this was not explored in
our study.

Conclusion

In general, we constructed robust regression models to
conclude that some demographic characteristics and physical
indicators affected blood lipid levels to varying degrees, which
could provide scientific guidelines for health. Gender, age,
BMI, high blood glucose, and high serum glutamine have
certain negative effects on lipid levels, which can increase
lipid levels, but different indicators have different effects.
Men should pay more attention to the influence of obesity
on blood lipids than women, and women should pay more
attention to dyslipidemia caused by advanced age. In the
prevention of CVDs s, we need to pay attention to the
occurrence of diabetes, abnormal liver and kidney function,
and other complications caused by the above-mentioned
indicators. There is no consensus on the effect of lipid levels
in young people, so more attention should be paid to this
issue in the future.
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