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Abstract
Introduction: Lead is a heavy metal to which people are commonly exposed. One of the possible mechanisms of
tissue damages caused by this toxic metal is oxidative stress, which in turn may cause numerous pregnancy
complications such as preeclampsia. The present study was conducted to determine the relationship between
maternal Blood Lead Level (BLL) and preeclampsia.
Methods: The present case-control study was conducted on 158 pregnant women admitted to a hospital in
Zanjan, Iran, from August 2015 to March 2016. To measure their BLL, 1.5 cc of blood was drawn from each
participant. The demographic and obstetric details of the patients were recorded in a form. The potentiometric
method was used to test the samples. The data obtained were analyzed by SPSS version 22, using Mann-Whitney
U test, the Chi square, independent-samples t-test, Pearson product-moment correlation, and simple linear
regression analysis.
Results: The mean BLL was 6.24±1.74 µg/dl in the control group and 8.04±3.4 µg/dl in the preeclampsia group.
The two groups were matching in terms of the mother's age and education and the household income. A
significant relationship was observed between BLL and preeclampsia (p=0.028), as per every unit of increase (1
µg/dl) in BLL, systolic blood pressure increased by 0.014 mm Hg and diastolic blood pressure by 0.013 mm Hg
(p=0.004).
Conclusion: The results obtained suggest a relationship between BLL and preeclampsia. Global health measures
should be taken to remove the exposure to lead so as to reduce its absorption by pregnant women.
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1. Introduction
Preeclampsia and its complications, have turned into one of the main causes of maternal and fetal morbidity and
mortality (1), as eclampsia and severe preeclampsia claim 40,000 to 70,000 pregnant women's lives, worldwide
every year (2). This complication is more serious in developing countries, where the maternal mortality rate is
twenty times as that in developed countries, due to the greater incidence of blood pressure disorders (3). In Iran,
preeclampsia is the second leading cause of maternal death, accounting for 18% of deaths in this group (4). The term
gestational hypertension-preeclampsia indicates slight to severe hypertension that involves different organs of the
body, ranging from acute gestational hypertension to preeclampsia, eclampsia and the HELLP syndrome (hemolysis,
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elevated liver enzymes, low platelet count); (5). Of all the different blood pressure disorders that exist, preeclampsia,
whether independently or in combination with chronic hypertension, is considered the most dangerous, and is
diagnosed in 3.9% of all pregnancies (6). This disease is also accountable for complications such as preterm
childbirth, perinatal mortality and intrauterine fetal growth retardation (7). Preeclampsia is traditionally defined as a
combination of high blood pressure and proteinuria. Modern definitions also include maternal organ dysfunction,
such as kidney failure, liver involvement, blood or neurological complications, utero-placental disorder and fetal
growth retardation (8). Preeclampsia often occurs after the 20th week of gestation and in the third trimester of
pregnancy. If preeclampsia starts before the 32nd week of gestation, it is called early-onset preeclampsia. This
condition also occurs during the postpartum period (9). The cause of preeclampsia remains unknown to date.
Nevertheless, inferential data indicate that oxidant-antioxidant imbalance may have a major role in the pathogenesis
of the condition (6). One of the main factors involved in oxidative stress is the excessive exposure to toxic metals
and the bio-deficiency of the elements required for antioxidant defense mechanisms (10). Lead is one of the heavy
metals to which people are commonly exposed (11). The risks associated with lead absorption have been known for
centuries. The effects of lead on mental and physical health is an ongoing concern in all countries, including low,
medium and indeed high-income countries. No international treaties exist for regulating lead pollution and
examining its implications for people’s health and lifestyles. The World Health Organization has introduced lead as
one of the "ten chemicals of major public health concern" (12). This toxic metal is a natural component of the earth's
crust. The excessive use of lead has caused extensive environmental contamination and human exposure as well as
substantial public health problems in many different regions of the world. Lead is a toxic and cumulative substance
that affects various body systems (13). Lead is a soft grayish-blue heavy metal that enters the body mainly through
the respiratory system; it is slightly absorbed by the gastrointestinal system and mostly excreted through feces (14).
The exposure to lead causes oxidative stress and the release of reactive oxygen species (ROS) and thus eliminates
the essential metals needed for antioxidant reactions from the body. In addition, lead affects the integrity of the cell
membranes and their fatty acid composition and causes the release of lipid peroxidases (15). Other mechanisms
include a reduction in nitric oxide, an increase in endothelin and thromboxane production and the inhibition of
vascular smooth muscle and ATPase activity, thereby leading to an increased blood pressure (16). According to the
World Health Organization, in pregnant women, blood lead level (BLL) should be less than 10 µg/dl, and according
to the guidelines provided by the Center for Disease Control and Prevention, follow-up and interventions should
begin immediately in pregnant and lactating women whose BLL exceeds 5 µg/dl (17). The Reabsorption of lead
through the bones increases during pregnancy and leads to fetal exposure and poisoning. In female smokers and
women with low calcium intake, greater amounts of lead are released from the bones during pregnancy, which is
further exacerbated by the nutritional deficiency caused by monotonous diets and little mineral and vitamin intake.
The placenta does not appear to protect the fetus from lead, as this metal can reach the fetus through the placenta
and accumulate in his body (18). Lead can reach the fetus without difficulty, through passive transportation and can
be measurable in the fetal brain before the end of the first trimester (17, 19). By the beginning of the 12th week of
gestation, lead easily passes through the placenta, reaches the fetus and causes adverse fetal and pregnancy
outcomes (20). Previous studies conducted on the relationship between serum BLL and preeclampsia have produced
contradictory results. Vigeha et al., found no relationship between BLL and preeclampsia (21), whereas Jameil (22)
and Motawi et al., (23) found a significant relationship between the two, Furthermore, the largest lead and zinc
mines in the Middle East are located in Zanjan Province and according to the notice of the research committee of
Zanjan Provincial General Government, conducting studies on lead is a research priority. The present study was
therefore conducted in 2015-2016, in Zanjan, Iran, to examine the relationship between serum BLL and
preeclampsia.
2. Material and Methods
The present analytical case-control study was conducted from August 2015 to March 2016. This case control study
was conducted on pregnant mothers admitted to Ayatollah Mousavi Hospital of Zanjan with a diagnosis of
preeclampsia and was approved by the Ethics Committee of Shahid Beheshti University of Medical Sciences. Data
were collected through the purposive method. Using the statistical equation below, the minimum sample size
required for each group was determined as 78: n≥ (Zα/2 + Zβ)2 σ2/(µ 1-µ 2); Where: n = Sample size; Zα/2 = 1.96 when α
= 0.05; Zβ = 0.2 when β= 0.10 (study power = 80%); (µ 1-µ 2) /σ = 0.45. Iranian women aged 15 to 40 years old, with
a singleton pregnancy, at 20 weeks of gestation or more, not suffering from diabetes, lupus or thrombophilia and
with no history of alcohol or drug use, with a pre-pregnancy BMI less than 35 (kg/m2) and having no family history
of preeclampsia and whose pregnancy was not accomplished through IVF were included in the study. The case
group (the preeclampsia group) consisted of mothers admitted to the hospital for preeclampsia. High blood pressure,
if taken correctly, is diagnosed when systolic pressure exceeds 140 mm Hg or diastolic pressure exceeds 90 mm Hg.
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The American College of Obstetricians and Gynecologists (b2013) proposed new criteria for the diagnosis of
preeclampsia in 2013, including proteinuria (a dipstick reading of 1+ or ≥300 mg in 24 hours) or evidence of
maternal multi-organ involvement, including thrombocytopenia, renal dysfunction (increased serum creatinine),
liver dysfunction (increased liver transaminase), central nervous system disorders (headache, dizziness, blurred
vision) or pulmonary edema. The hospital surveyed in this study uses these new criteria for the diagnosis of
preeclampsia. Patients developing insulin-dependent diabetes during their course of treatment or being diagnosed
with underlying diseases such as the Nephrotic syndrome, ITP and the thrombophilia syndrome were excluded from
the study. The control group consisted of healthy eligible mothers with a normal perinatal period admitted to the
hospital for the termination of their pregnancy. The researchers followed up with all the patients for preeclampsia
until discharge, and excluded them from the study in case they developed preeclampsia. After obtaining informed
consent from the participants and completing their demographic, medical and obstetric forms, a 1.5 ml blood sample
was taken from each patient and sent at room temperature to the laboratory within less than one hour. The samples
were analyzed using the potentiometric method with PSA Ion3 (Steroglass-Italy), which is a highly accurate and
sensitive device used for the isolation of heavy metals in both simple and complex environments such as blood,
water, foods, chemicals, medications and petroleum and derivatives (23). The reliability of the device was confirmed
by testing a single sample ten times, and ensuring that it produced the same results each time. To ensure the
uniformity of the tests and the device used, all the tests were carried out in the exact same way and by the same
person (a PhD in laboratory sciences). Data were analyzed using SPSS version 22 (IBM© Corp., Armonk, NY
USA). The results obtained were presented as descriptive and inferential statistics. Data normality was checked
through Kolmogorov–Smirnov test, and the two groups were compared by using t test for normally distributed
quantitative variables, and non-parametric tests for non-normally distributed data. The ANCOVA test was used for
adjusting the data. Mann-Whitney U test and Chi square were respectively used for ordinal and qualitative variables.
Pearson’s r and simple linear regression were used to determine the correlations.
3. Results
The mean age of the mothers was 27.37±6.1 years old in the control group and 29.67±6.37 years old in the
preeclampsia group, comprising a significant intergroup difference (p=0.021). The mothers’ level of education was
significantly lower in the preeclampsia group than in the control group (p=0.003); (Table1). Similarly, the household
income was significantly lower in the preeclampsia group than in the control group (p=0.003). The infants born in
the preeclampsia group were mostly boys (p=0.005). There were no significant differences between the two groups
in terms of the rate of cesarean section; however, when the preeclampsia group was divided into severe and mild
categories, a significant difference was observed between the severe preeclampsia and the other two groups, i.e. the
mild preeclampsia group and the control group (p=0.002). Due to the significant difference between the two groups
in household income, the mother’s level of education and age, data were adjusted using the ANCOVA. A significant
relationship was then observed between BLL and preeclampsia (p=0.028). BLL was also significantly correlated
with systolic (r=0.18 and P=0.02) and diastolic (r=0.18 and p=0.3) blood pressure. This relationship remained
significant according to the regression analysis even after adjusting the data pertaining to the mother’s age and level
of education and household income (p=0.004), as per each unit of increase in BLL (1 µg/dl), systolic pressure
increased by 0.014 mmHg and diastolic pressure by 0.013 mmHg (p=0.004); (Tables 2).
Table 1. Comparison of the mothers’ level of education and household income in the two groups
Variables
Control %
Preeclampsia %
Mother’s Level of Illiterate
0
Illiterate
Education
Below High School Education
42.3 Below High School Education
High School Diploma
20.5 High School Diploma
University Degree
37.2 University Degree
Household
>10.000.000
12.8 >10.000.000
Income (Rials*)
10.000.000-20.000.000
55.1 10.000.000-20.000.000
<20.000.000
33.1 <20.000.000
* The Iranian currency
Table 2. Comparison of BLL between the two groups
Variables
Control Group
Systolic Blood Presser (mmHg)
11.00±109.52
Diastolic Blood Pressure (mmHg) 11.3±68.47
Blood Lead Level (µg/dl)
1.74±6.24

Preeclampsia Group
17.20±148.33
13.14±95.46
3.40±8.04

6.4
59
20.5
15.4
35.9
44.9
19.2

p-value
0.003

0.003

p-value
<0.001
<0.001
<0.001
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4. Discussion and conclusions
The present study showed a significant relationship between BLL and preeclampsia. BLL was also found to be
significantly correlated with systolic and diastolic blood pressure. In the present study, 32 patients had severe
preeclampsia, but no cases of eclampsia were observed. In the follow-up of the control group, no one was found to
have preeclampsia or other blood pressure disorders. The Ion 3 device and the potentiometric method were used to
analyze the samples. The rate of error was minimized due to the high accuracy of the device (one in a billion). A
cross-sectional study by Motawei et al., conducted on 115 preeclampsia patients and 25 healthy pregnant women
also showed a significant relationship between lead levels and preeclampsia (p<0.001); (10). Jameil et al., also
examined three groups of women, including the controls, a high-risk preeclampsia group and a preeclampsia group
(n=40 per group) and found a significant relationship between the control and preeclampsia groups in lead levels.
Lead was also found to be significantly correlated with systolic blood pressure and diastolic blood pressure
(p<0.05); (22). In a study by Yazdebek et al., systolic pressure and diastolic pressure were found to be significantly
correlated with lead levels after the 24th week of gestation in addition to the positive relationship observed between
gestational hypertension and lead levels (11). Ugwuja et al., found a significantly higher lead level in women with
hypertension, malaria or low birth weight and concluded that these complications may have been due to the
metabolism changes caused by trace elements in the body (19). In a study by Magri et al., conducted on 110 healthy
pregnant women and 33 women with gestational hypertension, a significant relationship was observed between lead
levels and gestational hypertension. It should be noted that there were no cases of preeclampsia in any of the
discussed studies and they yielded a significant relationship between lead levels and gestational hypertension (15).
Vigeha et al., found no significant relationships between the mother’s lead levels and preeclampsia; in their study,
the mean lead level was 5.09±2.01 µg/dl in the preeclampsia group and 4.82±2.22 µg/dl in the control group and the
mothers were examined after childbirth; however, the present study examined two groups of women before
childbirth (21). In a study by Robillard et al., conducted on 3,851 pregnant women, a significant relationship was
observed between the mother’s systolic/diastolic blood pressure and the concentration of lead in the umbilical cord;
however, no relationships were observed between umbilical cord lead and preeclampsia (24). In a cohort study,
Rothenberg et al., found no significant relationships between lead levels and blood pressure after adjusting the data
(25). The difference between the present study and the discussed studies may be due to the differences in the lead
measurement methods used. In the latter two studies, bone and umbilical cord lead levels were measured, while in
the present study, lead levels were measured in the mother's blood during the third trimester. According to previous
and present findings, there is a distinct relationship between BLL and preeclampsia, systolic blood pressure and
diastolic blood pressure. As a toxic metal, lead causes health problems in both developed and developing countries.
Measures should therefore be taken to deal with this pervasive problem. The basic measures proposed include the
management of serum BLL and assurance that they do not exceed 5 µg/dl in pregnant women, which requires the
elimination of the source of lead and prevention of the exposure to lead, the use of lead-containing substances and
the pursuit of lead-related activities. An extensive search is required for the numerous sources of lead absorption
beyond occupational and environmental ones. Irrespective of the substances consumed, women with pagophagia can
benefit from nutritional counseling. Pregnant and lactating women that have or have had serum BLL ≥5 µg/dl
should be assessed for nutritional adequacy and should receive vitamins and nutritional advices with an emphasis on
calcium and iron intake. Through raising people's awareness and performing environmental and nutritional
interventions, fetal and neonatal exposure to lead can be prevented (13). The present study identified patients with
preeclampsia by referring to the definition provided by the American College of Obstetricians and Gynecologists
special unit. The points of strength in this study include the follow-up of the control group for the development of
preeclampsia until 24-48 hours after childbirth and the measurement of BLL through the potentiometric method and
using a PSA Ion3 device (with 1 ppb precision), which has likely minimized the risk of errors in the test results.
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