
Introduction

With social and economic improvements often 
comes an increase in environmental pollution, which 

is becoming more worrisome and can have many 
adverse effects on the lives of local residents through 
atmosphere, soil and water exposure [1]. Therefore, 
increasing attention is being paid toward environmental 
pollution problems, including heavy metal pollution. 
Heavy metals such as lead are serious environmental 
pollutants and their impact on human health should 
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Abstract

Exposure to lead (Pb) in environmental and occupational settings is still a serious public health 
problem and may pose an elevated risk for developing metabolic disorders. The aim of this study is 
to investigate urine lead levels and lipid metabolism in residents of areas surrounding Xinxiang city, 
and to examine the relationship between urine lead levels and lipid metabolism in the area’s residents 
in order to provide a scientific basis for the prevention and management of lipid metabolism diseases 
and environmental management of the relevant departments in this area. Residents in the surrounding 
areas of Xinxiang city were selected and stratified successively. A stratified cluster questionnaire was 
used to collect data and conduct a physical examination, and blood lipid levels and urine metal levels 
were analyzed. There was a significant positive correlation between the levels of lead in the urine and 
the amount of triglycerides in the samples (P<0.05). Urine lead levels in the hyperlipidemia group were 
significantly higher than those in the normal group (P<0.05). The risk of hyperlipidemia increased by 
1.332 times (95% CI = 1.055 – 1.682) for each quartile interval of urine lead concentration. This study 
confirmed that the urine lead level was significantly correlated with all metabolic syndrome variables. 
Lead content and lead emission in the environment should be reduced so as to reduce the occurrence of 
hyperlipidemia.

Keywords:	 heavy metals, lead exposure, lipid metabolism, urine

*e-mail: wdwu2013@126.com 

DOI: 10.15244/pjoes/114503 ONLINE PUBLICATION DATE: 2020-03-27



Dong X., et al.3110

not be ignored. Studies have shown that various acute 
and chronic diseases caused by lead exposure affect 
human health enormously. The health hazards caused 
by lead exposure are multifaceted and multi-system. 
Lead exposure can damage the nervous, immune and 
digestive systems, as well as many other bodily systems 
[2, 3]. China’s rapid economic development has not 
only brought environmental pollution problems, but 
also improved people’s living standards and greatly 
improved residents’ diet. Therefore, diseases related 
to abnormal lipid metabolism have become common 
and can seriously threaten residents’ health and life 
expectancy by increasing the risk of developing other 
diseases.

Dyslipidemia is a common disease that can lead to 
atherosclerosis and increase the risk of coronary heart 
disease and ischemic stroke [4]. Studies have shown 
that the incidence of abnormal lipid metabolism is 
increasing each year, and lipid metabolism disorder 
can increase the risk of cardiovascular disease and 
the incidence of related diseases [5]. Current studies 
have shown that there is a dose-response relationship 
between urinary metal levels and coronary heart 
disease [6, 7]. Notably, a previous study showed that 
dysfunction of the hypothalamus-pituitary-thyroid 
network was activated after exposure to lead, leading 
to an increase in perioxidation products, a decrease 
in antioxidant defense resources, and altered lipid 
metabolism – ultimately leading to the onset of obesity, 
suggesting that increased lead serum levels can increase 
the risk of lipid metabolism disorders [8].

These results underscore the notion that preventing 
lead exposure and the lipid metabolism diseases it 
causes is important and requires widespread attention. 
Although several studies on the levels of lead  
in urine have already been carried out, studies on 
its relationship with lipid metabolism diseases are  
scarce. We therefore conducted an epidemiological 
study on the relationship between lead urine levels 
and lipid metabolism in Xinxiang County residents in 
China in order to reveal the damage caused by heavy 
metal pollution, minimize the population burden  
of lipid-metabolism-related diseases, formulate 
prevention measures, and improve the residents’ quality 
of life.

Material and Methods 

Research Objects

A stratified cluster sampling method was used  
to select the surrounding areas of Xinxiang city 
(Qiliying, Langgongmiao, Guandi, Hehe, Xiaoji, Hongqi 
District, Muye District, Weibin District, Ye County, 
and Hui County). A total of 1022 residents in the  
areas listed above participated in the questionnaire 
survey and provided their urine samples. The subjects 
were 21-85 years old. All subjects were aware of 

the significance of this study and provided informed 
consent.

Exclusion Criteria

In a total of 1022 people, we failed to detect the 
lead concentration in samples provided by 26 survey 
subjects, leading to the exclusion of those subjects from 
this study. In addition, 2 cases with missing data for 
hyperlipidemia were excluded from this study. In total, 
994 subjects were included in our analysis.

Research Methods and Contents

All the investigators were members of the 
research group and had undergone strict training. 
They used a unified questionnaire to investigate the 
basic conditions of the population. The questionnaire 
survey and physical examination were carried out 
on the individuals who met the survey conditions in 
place for this cross-sectional study. Blood and urine 
samples of each subject were collected and brought 
back to the laboratory for testing in order to obtain 
the data needed for this study. The questionnaire 
included general demographic information (including 
name, gender, date of birth, nationality and native 
place), previous medical history (such as hypertension 
and hyperlipidemia), and medication history (such 
as antihypertensive drugs and lipid-lowering drugs). 
Physical examination included measuring height, 
weight, waist circumference, hip circumference, 
blood pressure, conducting an electrocardiogram, etc. 
The urina sanguinis of 994 residents was collected  
and a urinary lead test was conducted according to WS/
T17-1996. Residents whose urine lead levels exceeded 
0.07 mg/L were diagnosed using the occupational 
diagnostic criteria for chronic lead poisoning (GBZ37-
2002). All experimental protocols and procedures 
were approved by the Committee of Xinxiang Medical 
University (Xinxiang, China).

Variable Definition

Patients with abnormal lipid metabolism were 
defined as those with total cholesterol greater than 
5.72 mmol/L and triglyceride levels greater than 1.70 
mmol/L. Patients with hypertension were defined as 
those with systolic blood pressure greater than or equal 
to 140 mmHg and diastolic blood pressure greater than 
or equal to 90 mmHg. Body mass index (BMI) was 
calculated using the following equation, BMI = weight 
(Kg)/height2 (m2).

Statistical Analysis

SPSS 17.0 software was used for statistical analysis 
of the data. The differences in urine lead levels among 
different genders and age groups were compared. The 
influence factors were analyzed by binary logistic 
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regression. Normal distribution data were described 
as mean±standard deviation, and a t-test was used  
to compare the differences between the two groups. 
Data of non-normal distribution were described using 
median and interquartile interval, and the differences 
between the two groups were compared using a non-
parametric test. Pearson rank correlation was used 
to analyze the relationship of urine lead levels and 
blood lipids levels. Binary logistic regression was 
used to analyze the regression relationship between 
hyperlipidemia and urinary metal quartile and BMI, 
and the odds ratio (OR) and 95% CI were calculated. 
P<0.05 was considered to be a statistically significant 
difference.

Results

Demographic Characteristics 
of Research Objects

A total of 994 subjects were included in the 
statistical analysis for this study, including 64 with 
hyperlipidemia and 930 with normal lipids. The study 
included 399 males (40.1%) and 531 females (53.4%), 
and the mean age and body mass index of the subjects 
with normal blood lipids were 54.67±12.24 years old 
and 25.57±3.52 Kg/m2, respectively. There were 193 

(20.8%) subjects with hypertension. The urine lead 
content (P50, percentile) in hyperlipidemia group and 
normal blood lipid group were 2.52 and 1.97 μg/L, 
respectively. The mean concentrations of triglyceride 
and total cholesterol in these subjects were 1.54±1.33 
and 4.28±0.97 mmol/L, respectively. There were 64 
subjects with hyperlipidemia, including 26 males 
(6.1%) and 38 females (6.7%). The mean age and BMI 
of the hyperlipidemia patients were 60.91±9.10 years 
old and 27.11±3.15 Kg/m2, respectively, and 33 of the 
hyperlipidemia subjects (51.6%) had hypertension. The 
mean concentrations of triglyceride and total cholesterol 
in the hyperlipidemia subjects were 2.21±1.05 and 
5.68±1.57 mmol/L, respectively. These results are 
summarized in Table 1.   

The Relationship between Lead 
and Lipid Levels

Lipid levels can be used as a diagnostic index for 
lipid metabolism disorders and related diseases. The 
determination of total cholesterol can identify the 
risk of atherosclerosis early, and the determination of 
triglyceride levels early can identify both the risk of 
atherosclerosis and the classification of hyperlipidemia. 
In this study, there was a significant positive correlation 
between urine lead levels and triglyceride levels 
(P<0.05). The results are shown in Table 2.

Table 1. Basic characteristics and clinical indicators of population.

Variable Normal lipid group 
(n = 930)

Hyperlipidemia group 
(n = 64)

Total population
(n = 994)

Age (years) 54.67±12.24 60.91±9.10 55.07±12.15

Gender

Male 399 (93.9) 26 (6.1) 425 (42.8)

Female 531 (93.3) 38 (6.7) 569 (57.2)

BMI (Kg/m2) 23.57±3.52 27.11±3.15 * 25.67±3.52

Hypertension

No 737 (79.2) 31 (48.4) 768 (77.3)

Yes 193 (20.8) 33 (51.6) 226 (22.7)

Urine lead content (μg/L) 1.97 (1.98) 2.52 (2.71) 1.98 (2.09)

LDL (mmol/L) 3.00±0.79 3.22±1.14 3.02±0.82

HDL (mmol/L) 1.28±0.31 1.20±0.34 1.28±0.31

TG (mmol/L) 1.54±1.33 2.21±1.05 * 1.77±1.32

TC (mmol/L) 4.28±0.97 5.68±1.57 * 5.31±1.02

Use lipid-lowering drugs

No 930 (100) 19 (29.7) 949 (95.5)

Yes – 45 (70.3) 45 (4.5)

Note: Values are expressed as mean±standard deviation or n (%). *Compared with the normal lipid group, BMI, TC and TG are  
significant differences in the hyperlipidemia group, P<0.05. BMI, body mass index; LDL, low density lipoprotein; HDL, high den-
sity lipoprotein; TG, triglyceride; TC, total cholesterol.
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The Relationship between Lead 
and Hyperlipidemia

Hyperlipidemia is a type of disease associated with 
high blood fat level, which can directly cause serious 
diseases that endanger human health. In this study, 
the median and interquartile range of urine lead levels 
in hyperlipidemia patients and normal blood lipid 
group were 2.52 (median) and 2.71 (interquartile), and 
1.97 (median) and 1.98 (interquartile), respectively. 
Statistical analysis showed that the lead content in the 
hyperlipidemia group was significantly higher than 
that in normal blood lipid group (P<0.05) (Table 3). 
In addition, increased urine lead concentration was 
found to be a risk factor for hyperlipidemia, and  
the relative risk of hyperlipidemia was 1.332 (95%  
CI = 1.055-1.682, P = 0.016) for every quartile increase 
in lead concentration. These results suggest that lead 
content in hyperlipidemia patients is significantly higher 
than it is in the normal group, and exposure to lead may 
increase the risk of hyperlipidemia.

The Relationship between Hyperlipidemia 
and BMI

Body mass index (BMI) is commonly used to 
measure the degree of obesity and health. The BMI 
in hyperlipidemia patients was 27.06±3.15, which was 
significantly higher than the BMI of 25.57±3.50 found 
in the normal lipid group (P<0.01). Detailed results are 
shown in Table 4. In addition, BMI was divided into two 
groups: the normal group (BMI≤24) and the overweight 
and obese group (BMI>24). The regression analysis 
of hyperlipidemia compared to BMI showed that the 
risk of hyperlipidemia in the overweight and obesity 
group was 3.916 times that in the normal group (95%  
CI = 1.765-8.688, P = 0.001), suggesting that the BMI of 

the hyperlipidemia group was significantly higher than 
that of the normal group, and that BMI was a risk factor 
for hyperlipidemia.

Discussion

Even in the current era of constant industrialization 
and advancement, heavy metals are the most dangerous 
man-made pollutants in the environment and have a 
wide range of pathological effects, leading to irreversible 
changes in organism tissues and systems. As a harmful 
metal, lead has adverse effects on the environment and 
human health, and is becoming a major health concern 
for both the public and health care professionals [3, 9]. 
Lead has been reported to damage whole body organs 
such as the heart, kidney, and in particular the liver 
[10]. A small portion of the heavy metal that enters the 
body is excreted through the body’s own metabolism, 
and the majority that remains is deposited in the body, 
leading to lead poisoning. The damage and dysfunction 
observed in lead poisoning patients can manifest in 
multiple organs, and death can occur in severe cases [3]. 
Studies by Ding N et al. have shown that lead exposure 
is associated with an increased risk of cardiovascular 
disease [11]. A systematic review of studies on lead and 
cardiovascular disease was performed by Navas-acien 
A et al. and suggested a positive correlation between 
lead exposure and the occurrence of cardiovascular 
diseases (coronary heart disease, peripheral artery 
disease) [12]. This was supported by a later study 
that reported that an increase in lead exposure is 
significantly positively correlated with an increase in 
the prevalence of cardiovascular diseases [13]. In recent 
years, with the significant improvement of the national 
economy, the diet and living habits of Chinese residents 
have also changed, and the number of patients with 

Grouping Mean Standard 
deviation

Hyperlipidemia group 27.11* 3.15

Normal blood lipid group 23.57 3.52

Note: *Compared with normal blood lipid group, difference 
of BMI in hyperlipidemia group was statistically significant 
P<0.01. BMI, body mass index.

Table 2. Correlation analysis between urine lead and serum lipid 
levels.

Lipid R P N

TG 0.091* 0.004 994

TC 0.058 0.067 994

Note: *P<0.05 (the difference was statistically significant). N, 
number of samples; TG, triglyceride; TC, total cholesterol; R: 
linear correlation coefficient.

Table 3. Difference of urine lead content in hyperlipidemia group and normal blood lipid group (percentile).

Grouping N P25 P50 P75 Range interquartile

Hyperlipidemia group 64 1.41 2.52 * 4.12 2.71

Normal blood lipid group 930 1.24 1.97 3.22 1.98

Note: *Compared with the normal blood lipid group, difference of urine lead content in hyperlipidemia group was statistically 
significant, P<0.05. P25, P50, P75: quartile.

Table 4. Differences of BMI in hyperlipidemia group and normal 
lipid group (X±S).



Association of Urine Lead Exposure... 3113

hyperlipidemia has been on the rise each year, which 
can seriously harm the health of residents. Studies have 
shown that lipid levels can seriously affect the risk of 
coronary heart disease [14], and additional studies have 
found an association between lipid concentration and 
coronary atherosclerosis [15]. However, few studies 
have analyzed the relationship between urine metal 
levels and lipid metabolism. 

We found that the blood lipids levels were 
significantly higher in women than men. This was 
consistent with the finding reported in a follow-up 
analysis on the change of serum total cholesterol (TC) 
concentration in Shanxi Province, which found that the 
serum TC level was 4.86±0.98 mmol/L in females and 
4.54±0.93 mmol/L in males [16]. The result could be 
attributed to the fact that more women are overweight 
compared to men.

The results of this study show that urine lead levels 
are positively correlated with triglycerides, which is 
consistent with the experimental conclusions reached 
by Park YJ et al. [17]. Previous studies observed that 
lipid peroxidation could be caused by occupational 
lead exposure, and occupational lead exposure induced 
oxidative stress that resulted in lipid damage [18, 19], 
a finding similar to the results of this study. Another 
study also found that early-life exposure to lead  
was strongly correlated with obesity, which was 
consistent with our results showing that urine lead 
content had a close positive correlation with lipid 
metabolism [20]. At the same time, our study revealed 
that lead exposure is a risk factor for hyperlipidemia 
and increases the risk of it. This is similar to the  
review by Poręba R [21], who concluded that lead is  
a potential risk factor for cardiovascular disease.  
Many studies suggest that lead in urine can cause 
damage to the body primarily by causing oxidative 
stress [22]. The susceptibility of cholesterol to 
interactions with highly reactive substances causes its 
own autooxidation, which leads to the development 
of diseases [23]. Lead may increase the risk of 
hyperlipidemia by causing changes in blood lipids in 
response to oxidative stress. Our study also found that 
BMI was higher in hyperlipidemia subjects, which 
was consistent with the analysis of blood lipid levels 
and related factors performed by Booth HP et al. [24]. 
Together, these studies point to possible options for 
preventing and controlling hyperlipidemia, such as 
by reducing BMI to a normal level through physical 
activity and a proper diet. 

In summary, we can reduce the risk of lipid 
metabolism  disorders by reducing exposure to Pb. On 
the other hand, it is also possible to reduce risk by 
controlling weight through a healthy diet and lifestyle.

Conclusions

This study found that the urine lead level was 
significantly correlated with all lipid metabolism 

variables: BMI, blood lipid, TG and blood pressure. 
These findings imply that the urine lead level and 
incidence of lipid metabolism diseases are closely 
correlated.
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