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Abstract 
Background/Aims: To examine the relationships among blood lead levels, blood pressure 
and kidney function in a population-based sample of adults in an area of China with lead 
pollution. Methods: This cross-sectional study included a sample of 1447 adults older than 
20 years of age who underwent physical examinations in hospitals within a lead-polluted area 
of China from January to December 2013. Results: Blood lead levels were high among the 
local population (152.47µg/L) and did not change with age (P=.182). Overall, changes in both 
systolic blood pressure (SBP) and diastolic blood Pressure (DBP) were associated with changes 
in blood lead level (P=.012, P=.001), whereas BUN and CCr did not change along with the 
blood lead level (P>.05). This relationship was strongest among people 20-45 years of age; in 
this group, the beta coefficients for SBP and DBP were 0.009 (0.003), P=.001 and 0.005 (0.002), 
P=.004, respectively. Compared with young men, young women's blood pressures were more 
affected by blood lead levels (beta for SBP=0.031 for women vs. 0.008 for men; beta for 
DBP=0.015 for women vs. 0.005 for men). Conclusion: Continuous lead exposure causes 
increased blood lead levels among local residents. Blood lead levels are positively associated 
with both SBP and DBP increases among adults aged 20-44 years. The relationships between 
blood lead levels and SBP and DBP are most pronounced in young women. Chronic saturnism 
does not increase blood pressure by altering kidney function. These results provide support 
for continued efforts to control blood pressure in the population living in a lead-polluted 
region of China, particularly in young women.
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Introduction

High blood pressure and lead exposure are the second and fifteenth leading risk 
factors affecting disability-adjusted life-years (DALYs) in China (Lancet, 2013) [1], which 
indicates that both high blood pressure and lead exposure are important health risk factors 
for Chinese people. Lead acts at multiple sites within the cardiovascular system; it exerts 
direct effects on the excitability and contractility of the heart, alters the compliance of 
vascular smooth muscle tissue and acts directly on the parts of the central nervous system 
responsible for blood pressure regulation [2, 3]. Animal research and studies involving the 
general populations have also shown that exposure to lead may impair renal function [4]. 
Considerable attention has been paid to different levels of acute lead exposure in the general 
population, as excessive lead exposure may increase the risk of both hypertension and 
kidney damage [5-7]. However, the relationships among blood lead levels, blood pressure 
and kidney function remain controversial. Whether lead changes blood pressure (BP) by 
impairing kidney function or via another mechanism remains unknown.

With the rapid industrial development that has occurred in China over the past 20 
years, lead pollution has become an important problem. Due to its extensive industrial 
use [8], lead continues to be released into the environment, and given that lead cannot be 
degraded, it contaminates the earth’s crust and drinking water. Thus, it is important that 
researchers study and understand the consequences of chronic saturnism, and particularly 
the relationships among lead exposure, hypertension and kidney function, in people. 

The objective of our investigation was to examine the relationships among blood lead 
levels, blood pressure and kidney function in a population-based sample of adults with 
chronic saturnism who live in a region of China with lead pollution. We selected blood 
pressure, hypertension, blood urea nitrogen (BUN) and creatinine clearance (CCr) as the 
outcome parameters of interest for our study, because hypertension and kidney disease are 
both significant health concerns among Chinese adults and because we could also determine 
whether lead exposure alters kidney function before it facilitates increases in BP. 

Materials and Methods

The study protocol was approved by the Medical Ethics Committee of the Third Xiang-ya Hospital. 
Each of the subjects enrolled in this study provided informed consent to participate.

Study design and population
Zixing is located in southern China and is famous for its coal mining and silver mining. As a consequence 

of several decades of mining, significant amounts of lead have been released into the environment, causing 
a increasing of blood lead level among the area’s local residents. Within the past 10 years, there has been 
a string of lead poisoning outbreaks. In this cross-sectional study, 3000 Chinese people living in Zixing 
underwent an annual physical examination at the Centers for Disease Control (CDC) in Zixing.

The study’s inclusion criteria were as follows: age ≥ 20 years old and either male or female gender. 
Exclusion criteria included the following: 1) the absence of data pertaining to age, gender, BP, blood lead 
levels, BUN, serum creatinine (Scr) levels, urine analysis, body weight, or height; 2) a history of cardiovascular 
or renal disease; and 3) duplicate cases. A total of 1447 subjects who met the inclusion criteria were eligible 
for inclusion in this study. Hypertension was defined according to the JNC 7 Report [9], and individuals 
who had previously received a diagnosis of hypertension were also considered to have hypertension. At the 
baseline we divided the participants into 2 groups by blood lead level: <100 µg/L and ≥100 µg/L [10]. Then 
we divided the participants into the following 3 groups by age: age 20-39 years, age 40-59 years, and age 
>60 years (WHO) [11]. Body mass index (BMI) and heart rate were measured because their great influence 
on blood pressure and kidney function [12, 13].

Air lead concentration data was collected by the Environmental and Health Institute of Central South 
University.
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Blood lead measurements
Blood samples were obtained by venipuncture during the physical examination. The blood lead 

concentration was measured via graphite furnace atomic absorption spectrophotometry at the laboratories 
of the Zixing CDC. Each sample was analyzed in duplicate, and the mean of both measurements was used for 
subsequent analyses.

Blood pressure measurements
All participants rested for at least 30 min, after which their blood pressures were measured twice in 

their right arms using a desk-model sphygmomanometer while the participants were in a sitting position. 
There was a 3-min interval between the two measurements for each participant, and the mean value of the 
two measurements was used for subsequent analyses. 

Anthropometric measurements
Height and weight were measured in meters by the G-TECH Company. All individuals were measured 

while wearing scrubs. Height was measured to the nearest 0.1 cm using a tape rule, and weight was 
measured to the nearest 0.1 kg using a calibrated platform scale. Each participant’s body mass index (BMI) 
was calculated as the participant’s body weight (kg) divided by the square of the participant’s height (m2).

Kidney function
CCr was used as indicator of kidney function based on the following equation: CCr=(140-age)*weight/

(72*Scr) for male and CCr=0.85*(140-age)*weight/(72*Scr) for female. In order to measure Scr, blood was 
collected via venipuncture following an overnight fast of at least 10 h. Serum creatinine was measured using 
Jaffe’s kinetic method. Serum BUN was determined using a commericial kit according to manufacturer’s 
instructions.

Statistical analyses 
The data were analyzed using SPSS17.0. T-test was used to evaluate P values between groups of two 

blood lead level. The Kruskal-Wallis test was used to evaluate P values among the 3 groups of age. The chi-
squared test was used to compare the occurrences of hypertension. Linear regression was used to compare 
the relationships among SBP, DBP, BUN, CCr and blood lead levels. Logistic regression was used to compare 
the relationship between hypertension and blood lead levels. We used the Pearson correlation coefficient 
for continuous variables and Spearman correlation coefficients for dichotomous variables. Statistical 
significance was set at P<.05.

Results

Summary of the participants
The study included 1447 participants who live in a region of China with heavy metal 

pollution; in this region, the mean concentration of lead in the air is 546.93 ug/m3. The 
participants’ mean age was 46.68 years, and their mean blood lead concentration was 152.47 
µg/L. The average BMI was 23.24. The means of systolic and diastolic blood pressure were 
124.61 and 79.82 mmHg, respectively, and approximately 15.4% of the participants met the 
definition of hypertension. The average BUN and CCr were 4.47 mmol/L and 76.78 mL/min 
(Table 1). There were significant differences in age, BMI, SBP, DBP, CCr and hypertension 
occurrence between low blood lead level group and high blood lead level group (P<.05). 

No significant difference was found among the blood lead concentrations of the different 
age groups included in this study (P=.182). Significant differences in BMI, heart rate, SBP, 
DBP, hypertension occurrence and CCr were found among the different age groups (P<.01), 
(Table 2).

The relationships between blood lead levels and BP, BUN and CCr
The relationships between blood lead levels and SBP and DBP in the study population 

as a whole were found to be significant after adjusting for age, BMI, heart rate and gender, 
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using multiple linear regression analysis, and the relationship between blood lead levels and 
BUN and CCr were insignificant. The result of the logistic regression model indicates that the 
occurrence of hypertension was not related to blood lead levels (Table 3). 

The relationships between blood lead levels and BP, BUN and CCr, stratified by age
The results of multiple linear regression analysis of the relationships between blood 

lead levels and BP, BUN and CCr for each age group, considered separately, appear in Table 
4. After adjusting for age gender, BMI, and heart rate, the relationships between blood lead 
levels and SBP and DBP remained significant for individuals aged 20-44 years, as was the 
relationship between blood lead levels and DBP in individuals over the age of 60 years. BUN 
and CCr were not related to blood lead levels.

Regression coefficients for blood lead levels, SBP and DBP for individuals aged 20-44 
years, stratified by gender
In individuals aged 20-44 years stratified by gender, the adjusted beta coefficients for 

levels as a function of SBP in females were 0.031 and 0.015, respectively; these values were 
much higher than the corresponding beta coefficients for males (Table 5). These results 
indicated that the relationship between blood lead levels and blood pressure was much 
stronger in females than in males.

Discussion

Our cross-sectional investigation determined that continuous lead pollution in the en-
vironment caused high blood lead levels in local residents and that these high levels did not 
vary with age. No significant relationship was found between blood lead levels and hyper-

Table 1. Characteristics of the study participants, overall and by blood lead levels

Table 2. Weighted Descriptive Characteristics, by age
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tension. Chronic saturnism does not lead directly to kidney 
damage, which indicates that lead does not affect blood 
pressure by altering kidney function. However, blood lead 
levels were positively associated with both SBP and DBP 
increases among adults aged 20-45 years. The relations-
hips between blood lead levels, both SBP and DBP were 
most pronounced in young women. 

Blood lead levels
Previous reports have shown that bone lead stores 

contribute to circulating levels of lead in the blood [11], 
suggesting that blood lead levels may be higher in the el-
derly than in young people. Research based on the popu-
lations of countries such as the USA has confirmed that 
blood lead levels change with age in environments with 
limited lead pollution [14]. A study in Korea demonstrated 
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that blood lead concentra-
tions increased with age; the 
highest concentrations were 
found in the 50-69 years age 
group, and males had higher 
levels than females [15]. Si-
gnificant efforts have also 
been made to promote im-
proved healthcare practices 
in working populations [16, 
17]. However, no research 
published to date has focu-
sed on the blood lead levels 
of residents in a lead-pollu-
ted region. In our study, 
we conducted a survey of a 
lead-polluted area in China, 
and we found that in a regi-
on characterized by conti-
nuous lead pollution, blood 
lead levels in the local po-
pulation were elevated and 
that no difference existed 
in the mean blood lead le-
vels among the different age 
groups included in our stu-
dy. Future efforts should fo-
cus on both children and the 
elderly living in this area, in 
addition to young adults.

SBP & DBP
The relationship bet-

ween blood pressure and 
blood lead levels has been 
investigated by both basic 
science researchers and cli-
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nical researchers for decades. Most basic researchers used models of short-term lead expo-
sure [7] or models of a single acute exposure [18] to determine how lead exposure changes 
blood pressure. Studies conducted by clinical researchers have primarily examined popula-
tions in non-lead-polluted areas [19, 20] or focused on a special population, but these stu-
dies did not reach a definitive conclusion regarding the relationship between lead levels and 
blood pressure. 

Our study confirmed the existence of significant linear relationships between blood 
lead levels and SBP and DBP in a population living in a lead-polluted region after adjusting 
for age, gender, BMI and heart rate and thus provided an improved estimate of the effect of 
blood lead levels on SBP and DBP. Based on this finding, we investigated whether differences 
in this relationship existed among different age groups; we found that the blood lead 
concentrations affect both SBP and DBP among adults aged 20-44 years, particularly among 
women in this age group. These results are different from the results of other studies. The 
reason for this relationship is unclear. Children are the most susceptible to lead exposure and 
the lead pollution in Zixing is only several decades in duration. Thus the group of adults 20-
44 years of age would be the only study participants exposed to lead pollution as children. 
The adults now older that 44 years of age were not exposed to the lead pollution as children 
and therefore their blood pressure is not as affected as the 20-44 age group.

Several other epidemiological studies have been conducted over the past 20 years, 
but the results of these studies have been mixed, according to data from a national survey 
conducted in both the USA and Canada [20, 21]. In an environment characterized by 
continuous lead pollution, lead may enter the human body through the skin, respiratory tract 
and digestive tract [22, 23]. The effect of continuous lead intake may differ from the effect of 
acute lead exposure or lead accumulation as a result of advanced age. The present study has 
provided strategies for the management of blood pressure for populations living in such an 
environment.

Hypertension & kidney function 
The mechanisms underlying the effect of lead on BP have not been elucidated. Lead is 

toxic to humans and alterations in kidney function as a result of lead exposure may precede 
the development of hypertension [24, 25]. Whether lead affects blood pressure by altering 
kidney function in humans is not known. Some researchers believe that lead exposure effects 
angiotensin II-induced renal vasoconstriction [26], whereas others believe that lead-induced 
hypertension may be related to decreased NO levels and to subsequent vasoconstriction, 
rather than decreased renal blood flow or decreased renal sodium [27]. In our study, kidney 

Table 5. Regression coefficients for blood lead levels, SBP and DBP for individuals aged 20-44 years, 
stratified by gender
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function as measured by BUN and CCr did not appear to play a role in the relationship 
between blood lead levels and blood pressure. CCr reflects the glomerular filtration rate and 
is frequently used to measure renal function because of its simplicity and adjustment for 
age and gender [28]. The results of the present study indicate that lead does not damage the 
kidneys directly, as it increases BP simultaneously, which indicates that lead changes BP by 
a means other than the alteration of kidney function. Future research should focus on the 
effect that lead exerts on the vascular system and the nervous system, particularly in young 
adults with a history of continuous lead exposure.

Conclusion

Continuous lead pollution in the environment causes high blood lead levels among local 
residents. Blood lead levels are positively associated with both SBP and DBP increases among 
adults aged 20-44 years. The correlations of blood lead level and SBP and DBP are most 
pronounced in young women. Chronic saturnism does not affect BP by impairing kidney 
function. These results provide support for the undertaking of continued efforts to control 
BP levels in populations exposed to lead, particularly among young women. Further research 
must be conducted regarding the mechanisms underlying lead exposure-induced changes in 
BP.
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