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Chapter

Effects of Lead on Reproductive
Health

Osmel La Llave Leon and Jos¢é M. Salas Pacheco

Abstract

It has been documented that lead can cause a wide range of adverse reproductive
outcomes. In men, lead can reduce the libido and affect spermatogenesis reducing
the quality of sperm. Other effects in exposed men include disturbance of prostatic
function and damage in serum testosterone. In pregnant women, lead can cross the
placenta and impair the development of the fetus. Therefore, exposed women are
at risk of suffering spontaneous abortion, premature delivery, gestational diabetes
mellitus, pregnancy hypertension, preeclampsia, premature rupture of membranes,
intrauterine growth restriction, low weight birth, and other pregnancy complica-
tions. In both men and women, lead has been associated with infertility. Harmful
effects of this heavy metal have been observed even at low levels of exposure.

Thus, exposure to lead remains a public health problem, especially for reproductive
health. Some strategies should be considered to prevent harmful effects of lead on
both male and female reproductive systems.

Keywords: lead exposure, blood lead levels, reproductive outcomes, pregnant
complications, sperm quality, infertility, reproductive health

1. Introduction

Lead is one of the most dangerous toxic metals. This metal has no known
beneficial function in the human body. In contrast, lead can impair every system
of the human body and specially the renal, hematopoietic, neurological, and
reproductive systems. Exposure to lead has been associated with a broad range of
physiological, biochemical, and behavioral and harmful effects. There is evidence
of several reproductive damages in humans exposed to lead. In women, lead
exposure has been associated with spontaneous abortion [1], low birth weight [2],
preterm delivery [3], fetal growth restriction [4], premature rupture of mem-
branes [5], pregnancy hypertension [6], preeclampsia [7], and gestational diabe-
tes [8]. Maternal blood lead has also been associated with a decrease in length of
gestation [9].

With respect to men, exposure to inorganic lead has been linked to a decrease in
some parameters of semen quality. Lead exposure has been considered to adversely
affect spermatogenesis [10] and reduced fertility [10]. High lead concentrations in
seminal plasma can reduce the sperm count [10]. Sperm motility and sperm mor-
phology also can be affected by lead [11].

The present chapter focuses on the harmful effects of lead on reproductive
health of both men and women, due to the importance to established preventive
measures to protect the health of parents and children exposed to this toxic metal.
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2. Lead exposure and male reproductive health

Exposure to lead has been associated to several reproductive dysfunctions in men,
such as decreased libido, impairment of spermatogenesis, and chromosomal damage,
among others. However, studies about the relationship between lead exposure and
male reproductive damage have shown inconsistent results. Most of the studies have
analyzed the relationship between blood lead and semen quality due to the correla-
tion observed between semen lead and blood lead [12]. Some studies have reported
reduction in sperm count, morphology, and motility in men exposed to lead [13].

The effects of lead on sperm quality have been frequently studied in occupation-
ally exposed individuals. National Institute for Occupational Safety and Health
(OSHA) recommends that blood lead levels (BLL) above 40 pg/dL require health
intervention. Nevertheless, studies in men without occupational exposure also
showed evidence of the effects of lead on fertility. In a prospective, double-blind
study carried out to evaluate the impact of seminal plasma lead levels on fertility,
seminal plasma lead below this threshold value was associated with adverse effects
on in vitro fertilization rates. In this survey, semen donors who participated in an
artificial insemination program were included. Sperm lead concentrations were
also negatively correlated with mannose receptors and mannose-induced acrosome
reactions, the two biomarkers of sperm function [14]. These results show that
increased lead concentrations in semen can harm male fertility.

Although most studies on the relationship between lead and infertility have been
carried out in occupationally exposed workers, alterations in semen concentration
of lead have been also observed in men without occupational exposure, probably
due to other sources of exposure such as environment and foods. In a prospective
and randomized clinical study carried out in men from infertile couples without
occupational exposure to lead, a negative correlation between semen lead concen-
tration and sperm count was observed in semen samples collected after 3-5 days
of abstinence [10]. These results provide evidence that lead from environment and
diet can also affect semen quality and, therefore, male fertility.

Several studies have evaluated the effect of lead exposure on the endocrine
system. In lead smelting workers without clinical symptoms of lead poisoning,

a decrease in serum testosterone (T) and an increase in steroid-binding globulin
(SGG) levels were observed [15-18]. It is considered that lead impairs the majority
of the endocrine glands. The analysis of the effect of long-term exposure to lead

on thyroid function in exposed workers showed a negative association with T4

and FT4, and the depressed thyroid function was especially observed when the
exposure was the most intensive [18]. In a group of workers occupationally exposed
to lead from three battery factories, concentrations of FSH and LH were higher

in comparison with a control group of non-exposed men, which constitutes an
indicator that lead exposure alters testicular function [19]. From the biochemical
point of view, it is considered that lead first causes testicular damage, and long-term
exposure alters the hypothalamic-pituitary axis [17, 18, 20].

However, the results on this topic cannot be considered conclusive. In a study of
the relationship between lead exposure and sex hormone levels in 133 men who had
worked, at least for 6 months, in a battery manufacturing plant, BLL was measured,
and endocrine system function was assessed by measuring testosterone, free testos-
terone, follicle stimulated hormone (FSH), and luteinizing hormone (LH). Workers
were classified into two groups based on OSHA BLL standard: with BLL lower than
40 pg/dl and those with BLL equal or higher than 40 pg/dL. Statistical analysis
showed no significant association between blood lead concentrations (BLC) and
the sex hormone values. The authors concluded that lead exposure is not related to
changes in male hormone levels [21]. In contrast, the evaluation of sperm count,
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sperm morphology, and hormonal levels (LH and FSH) of individuals attended in
an infertility clinic in Iran showed negative significant correlations with BLL, while
no correlation between BLC and sperm morphology was found [22].

Despite some contradictory results, there is a growing concern about the harm-
ful effects of lead on male fertility, semen quality, and hormonal levels [15, 22].
Experiments in animal models have demonstrated that lead contributes to decreased
male reproductive function [23]. In humans, lead exposure has been also associ-
ated with male endocrine dysfunction [24]. It is considered that oxidative stress
plays an important role on male infertility. Lower total antioxidant capacity (TAC)
and vitamin E concentrations were observed in seminal plasma of infertile men in
comparison with fertile subjects [25]. In addition, there were significant differences
between compared groups in accumulation of malondialdehyde. Moreover, concen-
tration of malondialdehyde negatively correlated with sperm motility and morphol-
ogy. On the basis of these results, it is suggested that seminal antioxidants and blood
antioxidants can be used as biomarkers of sperm quality.

The effect of lead on reproductive health may vary due to the length of exposure.
Taking into account the above-mentioned points, in a cross-sectional study of male
workers, the effects of current and long-term occupational lead exposures on sev-
eral biomarkers of male reproductive health were evaluated [11]. Semen and blood
samples from male employees of a lead smelter were obtained, and concentrations
of testosterone, follicle stimulated hormone, luteinizing hormone, and blood lead
were determined. A decreasing trend in total sperm count was observed in relation
to the increase in BLL. In addition, total motile sperm count, sperm concentration,
and total sperm count showed an inverse relationship with long-term lead exposure.
Nevertheless, lead exposure was not associated to sperm motility, sperm morphol-
ogy, or serum concentrations of reproductive hormones.

The effects of lead exposure on male reproductive function have also been stud-
ied in animals. Experiments in mouse have shown that lead can interfere with the
binding of androgens [26], suppress follicle stimulating hormone production [27],
affect the function of Sertoli cell, and increase the lactate production, which con-
stitute an essential substrate for spermatogenesis [28]. Lead exposure has been also
associated with decreases in the activity of testicular oxidizing enzymes [29] and
in the synthesis of testicular RNA in rats [28]. A study conducted in rats showed a
positive correlation between blood lead and levels of lead in epididymal sperm and
demonstrated that lead can cause generation of reactive oxygen species in sperm,
which led to oxidative stress and, therefore, impairment of sperm function [30].

Epidemiological data indicate that exposure to lead can cause prostate diseases in
adult males. In a study, blood lead in patients suffering from prostate cancer (PCA),
patients with benign prostate hyperplasia (BPH), and a control group of men living
in similar socioeconomic conditions was examined [31]. Results indicated signifi-
cant higher concentrations of lead in blood in PCA and BPH males in comparison
with controls. In addition, patients with PCA and BPH had significantly lower blood
levels of zinc and copper than the comparative group. It is well known that Zn has an
essential role in the regulation of prostate epithelium homeostasis and in ejaculation
[32]. Zinc is a cofactor for many enzymes and an essential metal for the integrity of
cellular membrane [33]. Lead can displace zinc ions at the proteins, provoking the
inhibition of the enzymes. The displacement of zinc by lead in seminal fluid could
determine the effects of prostate function, leading to decreased fertility [32].

Some authors consider that the main effect of lead on the male reproductive
system is the alteration of the reproductive hormonal axis and the hormonal control
of spermatogenesis, instead of the direct effect on the seminiferous tubules of the
testes [23, 34]. Moreover, there is evidence that the blood-testis barrier acts as a pro-
tection for the testis cells against the harmful effects of lead [35, 36]. On the other
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Effects of lead on male reproductive system
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Figure 1.
Some effects of lead on male reproductive system.

hand, some researchers pay more attention to the impairment of sperm parameters,
such as volume of ejaculation, sperm density, abnormal morphology, sperm count,
and motility, by the toxic effect of lead [10, 14, 22, 37].

Although the mechanisms by which lead affects male reproductive health are
still unclear, there is no doubt that this toxic metal can jeopardize fertility in men
due to alterations in semen quality, in the function of reproductive hormones, or
both (see Figure 1). Despite conflicting reported results, there is growing evidence
that lead exposure, even at low levels, can impair male reproductive health. Future
research should deepen the analysis concerning these issues.

3. Lead exposure and female reproductive health

It is well known that lead has harmful effects on female reproductive system.
Women at reproductive age are at risk of suffering some health disorders due to the
toxic effects of this metal. Occupational exposure to lead is more frequent in men
compared to women. However, there are some reports on the harmful effects of
lead suffered by women who work in places where lead or some lead compounds
are used. In a study conducted to determine the effects of occupational exposure on
bone and lead blood levels, women who were former workers at a smelter were com-
pared with a cohort of women with no-known occupational exposure. Higher levels
of lead in blood and tibia were found in the exposed group. In addition, the differ-
ence in bone lead levels between compared groups was significantly higher than the
difference in BLCs [38]. In accord with these findings, a study carried out in Mexico
showed that women who work with lead have greater probability to have BLCs above
the CDC recommended value of 5 pg/dL compared to non-exposed women [39].

It is necessary to consider that women can be exposed to lead not only at work
but also through the clothes, shoes, and work instruments that are taken home by
the cohabitants who work in places where lead is used. Higher BLCs in pregnant
women who live with someone who is exposed to lead at work in comparison
with those who live in houses where nobody works in places that lead is used have
been observed [40]. In addition, lead exposure may occur when women use some
cosmetics, such as surma or kolh, and other beauty products [41-43].

Women can also be exposed to lead by pica habit, an eating disorder that
consists of the consumption of non-food items without nutritional value. Among
the most harmful types of pica is the consumption of soil, paint chips, and pottery.
Pregnant women consuming these items put both themselves and the fetus at risk
of lead poisoning [44, 45]. In Mexican, women who were recognized that they used
to eat soil had significantly higher BLL compared to those who did not have this
habit [40]. In one study in New York, pica behavior among lead-poisoned pregnant
women (BLL > 20 pg/dL) was 9%. The most common practice among them was
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eating soil (64.6%). The probability of having BLLs >40 pg/dL among women who
reported pica was three times higher in comparison with those women who did
not report this habit. In addition, pica-reporting women had a mean peak of BLL
during pregnancy significantly higher compared to those who did not report pica
(29.5 pg/dL vs. 23.8 pg/dL) [45].

In addition to the effects of lead on women’s fertility, a wide range of pub-
lished reports refers to the damage caused by this heavy metal during pregnancy
(see Figure 2). Prenatal exposure to lead can cause several obstetric complica-
tions and adverse pregnancy outcomes [46]. Lead absorbed into the body, mainly
by ingestion or inhalation, enters the bloodstream and accumulates in soft organs
(mostly in brain, liver, and kidney) and bones [47, 48]. It is considered that lead
in bone represents approximately 95% of the total body burden in adults [47].
During pregnancy, the demand of calcium rises, and lead stored in bone can
replace the calcium and recirculate in the bloodstream, becoming an endogenous
source of exposure [16, 48-50]. Lead from the blood can cross the placenta and
impair the development of the fetus [51, 52]. Therefore, lead-exposed women
are at risk of suffering various pregnancy complications, such as spontaneous
abortion [1, 53], preterm delivery [54, 55], GDM [8, 56], pregnancy hyperten-
sion [57-59], preeclampsia [60-64], premature rupture of membranes [65, 66],
intrauterine growth restriction [67], and low weight birth [68, 69], among others.

Although some researchers have failed to demonstrate the relationship between
lead and abortion [70, 71], a study conducted in Mexico showed evidence that, even
low-to-moderate lead exposure, below 30 pg/dL of blood lead can increase the risk
of spontaneous abortion [1]. In this case, the range of BLLs in pregnant women
was 1.4-29 pg/dL. Those lead concentrations can be considered common in gen-
eral population in many countries, and lower to those observed in occupationally
exposed women. It is considered that the mechanism by which lead induces abor-
tion is related to the direct transmission of the metal to the developing fetus due to
the demineralization of bones during pregnancy [72, 73].

Several studies have confirmed that pregnant women exposed to lead have more
probability of having a preterm delivery compared with non-exposed women.
Nevertheless, results are still inconsistent. In a prospective cohort study carried out in
China, maternal urinary lead was measured and adjusted by creatinine, and new-
borns were classified as preterm birth and early term birth. The mean urinary lead
levels were significantly higher in preterm births. In addition, among all newborns, an
increase in maternal urinary lead was associated with a decrease in gestational age [3].

Effects of lead on female reproductive system
Impairing menstruations
Reduction of libido

Premature rupture of membranes
Intrauterine grow restriction
Abortion

Premature delivery

Stillbirths

Pregnancy hypertension
Preeclampsia

Neonatal death

Gestational diabetes

Low birth weight
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Figure 2.
Harmful effects of lead on female reproductive health.
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Lead can displace calcium because they both have similar chemical character-
istics and follow analogous metabolic pathways [74]. It has been recognized that
when lead crosses from the bloodstream to the placenta, the growth of the fetus
can be impaired due to the interference of lead with calcium metabolism [68, 69].
The evaluation of prenatal exposure to lead has shown inverse association between
maternal urine lead levels and preterm low birth weight [68]. Other studies
analyzed the relationship between the levels of lead in tibia and patella and birth
weight, considering that bone lead is a better biomarker to estimate the effect of
lead on the fetus compared to blood lead [75, 76].

In a study conducted to evaluate the relationship between lead exposure and birth
weight in Mexican women, lead levels were measured in maternal venous blood,
umbilical cord, and tibia and patella. The weight of newborns was determined
within the first 12 hours of delivery. Although all biomarkers of lead exposure were
negatively associated with a decreased size of newborns, this association resulted
statistically significant only for tibia lead levels [75]. Similar results were observed
in the analysis of the relationship between maternal lead burden and early postnatal
growth in a cohort of breastfed newborns [75]. In this study, maternal BLL measured
at 1 month postpartum and maternal bone lead levels were significantly associated
with infant BLL. Moreover, infant BLL and maternal patella lead level were inversely
associated with weight gain. The weight gain from birth to the first month of life was
142 g lower in infants with BLL > 10 compared to those with lower BLCs.

There is growing evidence that lead is a risk factor for gestational diabetes
mellitus. Experiments with rats have demonstrated that lead exposure can induce
glucose intolerance and hyperglycemia [8]. But epidemiological studies showed
contradictory results. In women at 22-28 weeks of gestation, slightly mean BLCs
were observed compared to those without GDM, but this difference was not statisti-
cally significant. The geometric mean BLCs were 6.13 ng/g in women with GDM
and 6.05 ng/g in women without GDM. Based on this result, authors suggested that
lead at these low levels of exposure is not associated with the risk of suffering GDM
[77]. In contrast, in a French mother-child prospective cohort study, blood lead
was associated with IGT, supporting the evidence that maternal exposure to lead
is a risk factor for GDM [56]. Further studies have to be performed to confirm the
deleterious effect of lead on metabolic processes and, particularly, on the develop-
ment of GDM.

A large number of investigations provide evidence that exposure to lead is asso-
ciated with hypertension in adults [78-81]. For this reason, the question of whether
lead is associated with gestational hypertension (GH) and preeclampsia (PE) has
gained a great importance in recent years.

In a cohort of pregnant women in Los Angeles, California, blood and bone
lead were assessed in the 3rd trimester and post-delivery, and the prevalence of
hypertension was measured [82]. The relationship of both biomarkers with GH was
analyzed. After adjusting by covariables, no significant association between BLLs
in 3rd trimester and hypertension was observed. Nevertheless, calcaneus bone lead
was significantly associated with the risk of hypertension.

In a cross-sectional study with Maltese Caucasian women at third trimester of
gestation, significantly higher BLCs in hypertensive women compared to normo-
tensive women were observed [83]. Moreover, BLL showed a positive relationship
with systolic and diastolic blood pressure.

The relationship between BLL at mid-pregnancy and blood pressure was
assessed in a study carried out in pregnant women of two French municipalities
[83]. In this study, hypertensive women had significantly higher BLL than nor-
motensive women. Additionally, lowest frequency of hypertension was observed
among women in the lowest quartile of BLL. These findings are in accord with
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those observed in Nigeria, in which the impact of lead on pregnancy outcomes was
investigated [84]. Significantly higher frequency of hypertension was observed in
women with BLL > 10 pg/dL compared to those who had lower concentrations of
lead in blood.

The findings on the association of lead exposure with GH led to investigate if
this toxic metal could be considered a risk factor for preeclampsia, a pregnancy
disorder characterized by high blood pressure and proteinuria detected after
20 weeks of gestation [85]. In a cross-sectional study that included women between
29 and 43 weeks of gestation, significantly higher concentrations of lead in red
blood cells of pregnant women diagnosed with preeclampsia were found compared
to those without hypertension. Furthermore, women with severe preeclampsia had
also higher blood cell lead concentrations than mild preeclamptic women [61]. In
contrast, in a case-control study conducted in women without occupational expo-
sure, BLCs measured within 24 hours of delivery did not differ between women
with preeclampsia and normotensive group, but a significant difference between
the groups was observed with respect to umbilical cord lead (UCB) concentration
[64]. In addition, the ratio of umbilical cord lead to whole blood lead was signifi-
cantly associated with preeclampsia.

Despite the contradictory results of some studies, the majority of those sup-
ported the hypothesis that lead can cause preeclampsia. Some possible mechanisms
have been suggested to explain the roll of lead in the development of this pregnancy
disorder. It is considered that lead increases the circulating levels of endothelin, a
vasoactive substance that causes constriction of the blood vessels, leading to the
increase of blood pressure [63]. Lead also interferes in the increase of reactive
oxygen species reducing the serum levels of nitric oxide (NO) and other vasodilator
substances [86-89]. From the molecular point of view, lead causes inhibition of
membrane adenosine triphosphatases (ATPases), which produces vasoconstriction
due to the increase of intracellular calcium ions [63, 90].

4. Effects of gender on lead toxicity

The influence of sex in the effect of lead on health is a controversial subject.
Although sex differences regarding exposure, absorption, and metabolism of lead
have been reported by certain researchers [91, 92], the results are not conclusive. In
a prospective cohort, the effects of gender differences in the relationship between
lead exposure and neurodevelopmental toxicity were analyzed [91]. Lead levels were
determined in maternal blood in early and late pregnancy, in cord blood at birth,
and in children’s blood at 2, 3, and 5 years old. As a result, significant association
between lead concentrations at late pregnancy and the risk of behavioral problems
was observed in males, while blood lead measured in 2- and 5-year-old children was
associated with an increased risk of behavioral problems in females. According to
previous data, early in life, the susceptibility to neurotoxic effect of lead is higher in
boys than in girls. On the other hand, experimental data suggest that susceptibility
to immunotoxic effects of lead is higher in females [92]. More research is needed to
elucidate these inconsistencies.

The biological effects of lead exposure in human also appear to be different
according to the gender. In a study carried out in Japan, the authors aimed to
determine the effects of gender on porphyrin metabolic disorders induced by lead
exposure [93]. Blood lead, plasma delta-aminolevulinic acid (ALA), urinary ALA,
and urinary coproporphyrin (CP) were determined in exposed workers. Although
no significant differences in blood lead concentrations between male and female
workers were observed, women had higher plasma ALA concentrations, as well as
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higher excretion of urine ALA and CP in comparison with men. The mechanism
that could explain this difference is still unclear.

With respect to the reproductive system, health damages in female have been
observed even at very low levels of exposure. In a study carried out in Taiwan, the
relationship between low-level lead exposure and risk of infertility was evaluated
[94]. The average lead concentration in infertile women (3.5 pg/dL) was signifi-
cantly higher than in a control group (2.78 pg/dL). Furthermore, women with BLL
>2.5 pg/dL had a threefold higher risk of infertility than those with BLL < 2.5 pg/dL.
In contrast, the harmful effects of lead in male reproductive system have been
detected at higher levels of exposure than those in female. The importance of find-
ing explanation of gender effects for lead and other environmental toxic substances
was discussed by the Society for Women’s Health Research in a roundtable at the
National Institute of Environmental Health Sciences in October 2002 [95].

Despite the above-mentioned results, gender differences in susceptibility to lead
poisoning have been considered in few investigations. Some studies have included
gender as a confounding factor in the relationship between lead exposure and
health impairment [96]. However, in other investigations, differences between male
and female in regard to the harmful effects of lead have not been found.

According to the results of the investigations, the following differences between
men and women regarding lead exposure can be highlighted:

* Generally, in non-exposed individuals, blood lead levels are higher in males
than in females.

* Damages to female reproductive health can occur at lower levels of exposure
than in men.

¢ The risk of suffering behavioral problems in relation to prenatal lead exposure
at early childhood is higher in females.

* The susceptibility to neurotoxic effects of lead appears to be higher in boys
than in girls.

* The susceptibility to immunotoxic effects of lead is higher in females.

* From the biological point of view, porphyrin metabolic disorders induced by
lead exposure affect females more than males.

* The impairment in the synthesis and function of hormones has been observed in
both genders. But, little is known about the differences between male and female
regarding the mechanisms by which lead affects the reproductive system.

In summary, gender difference should be considered an important factor for a
better evaluation of the harmful effects of lead on health. Further research is needed
to better understand the role of sex as a modifier of the effects of lead exposure.

5. Lead exposure and children’s reproductive system

Lead is considered to be able to affect the development of children’s reproduc-
tive system. There is evidence that both paternal and maternal lead exposure can
cause a detrimental impact on the structure and function of gametes, which might
cause adverse effects on newborn’s health [97]. Embryos and fetus are extremely
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sensitive to environmental toxicants. Exposure to lead during pregnancy is known
to be able to impair fetal development, since lead can cross the placental barrier
and reach the fetus [51, 52].

Lead is known to affect testosterone levels in adults, leading to reproductive dys-
function. Low levels of testosterone can reduce semen quality in men and increase
genital malformations [98]. In contrast, high levels of testosterone in women are
associated with higher frequency of polycystic ovary syndrome (POS) [99] and
puberty disorders [100]. In spite of this, there are few studies that have focused on
the relationship between lead exposure and androgen hormone levels in children.
One of the few longitudinal studies on this issue was carried out in Russia [101].
This study evaluated the impact of organochlorine chemicals and lead in growth
and pubertal timing in 516 boys. Children were enrolled in the study at the age of
5-7 years and were followed up until the age of 18-19 years. Lead exposure was
negatively associated with growth during puberty. In addition, it was suggested that
lead may delay the timing of male puberty.

In a study carried out to evaluate the relationship between blood metal concen-
trations and testosterone levels in the USA, children and adolescents’ concentrations
of lead, cadmium, mercury, and selenium in blood, as well as serum testosterone
levels, were determined [102]. Although no significant association between blood
lead and total testosterone (TT) was observed, the concentrations of TT were signifi-
cantly higher for girls in the fourth quartile compared to those in the first quartile.
On the other hand, in a prospective study conducted in Mexico City, maternal patella
lead and early childhood blood lead were inversely associated with breast growth
in girls [103]. Furthermore, an increase in girl’s maternal patella lead was associated
with later age of menarche. In addition, blood lead during childhood negatively
associated with pubic hair growth in girls. No associations were observed in boys.

6. Preventive strategies to avoid harmful effects of lead on reproductive
health

The fact that lead exposure is related to a wide range of adverse effects on
reproductive health is accepted by most researchers nowadays. The main source of
exposure remains occupational. But there is no doubt that, in recent years, the envi-
ronmental exposure to lead has decreased, especially in developed countries like the
United State, Canada, and others [104]. A main role in this reduction is attributed
to the elimination of leaded gasoline [105]. Nevertheless, the risk of lead poisoning
still remains, mainly in developing countries, due to some sources of exposure, such
as lead paint, cosmetics, traditional medicines, electronic waste, and glazed ceramic
vessels, among others [106].

It is very difficult to dispense with lead due to its uses in a wide range of indus-
trial lines, such as smelting, manufacturing and recycling of car batteries, and
lead crystal glassware. However, in recent years, there has been an increase in the
diffusion of the damage that lead can cause and the measures that must be taken to
protect people’s health. The identification of risk factors for having high BLLs has
contributed to reduce the prevalence and severity of lead poisoning. In a way, the
results of research have helped people to become aware of the toxicity of this metal
and the danger it poses to their health.

Health interventions in last decades have led to a decrease in lead exposure. In
spite of this, it is necessary to increase protection measures, especially for women
and children. To date, there is no exposure lead level that can be considered safe.
Although the CDC established 5 pg/dL as the reference value for BLLs in children,
epidemiological research has demonstrated that even at lower lead concentrations
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adverse health effects can occur. With respect to females, adverse reproductive
outcomes have been observed also at BLLs below 5 pg/dL, decrease in delta-ami-
nolevulinic acid dehydratase (ALAD) activity has been detected in pregnant women
at mean blood lead >2.2 pg/dL [107], and damages in female reproductive system
have been reported at BLLs above 2.5 pg/dL [95]. Some prevention strategies should
be considered for protection of the toxic effects of lead. Preventive measures should
include at least the following:

* Developing public awareness campaigns to identify sources of health exposure
* Evaluation of risk factors for all pregnant women in their prenatal care
* Education of childbearing age women to avoid sources of lead exposure

* Screening of lead exposure for all pregnant women by means of diagnosis tests,
such as blood lead, ALAD activity, and urine ALA

* Keeping children and pregnant women with BLL > 5 pg/dL out of exposure
sources

* Requiring employers to take measures to reduce lead levels in workplaces
* Requiring exposed workers to use protective means

* To carry out a review of regulations to ensure greater protection for the
exposed population

* Increasing environmental monitoring (lead in air, soil, water, etc.) to detect
any deviation from established standards

* Searching for new biomarkers, with high sensitivity and specificity, to assess
the exposure and effects of lead in the body

7. Conclusions

There is enough evidence that lead exposure can harm reproductive health of
both men and women. The harmful effects of lead have been mostly observed
in occupationally exposed people. Nevertheless, in recent decades, research has
demonstrated that these damages can occur at levels of lead formerly considered
harmless. Most observed effects on male reproductive system are related to the
direct impact of lead on semen quality, such as volume of ejaculation, sperm den-
sity, abnormal morphology, sperm count, and motility. In addition, lead can alter
the concentrations of some male reproductive hormones, such as follicle stimulat-
ing hormones, testosterone, and luteinizing hormone.

In women, prenatal exposure to lead, even at very low levels of exposure, has
shown to be harmful for both the mother and the fetus. Thus, any level of lead
exposure could be associated with adverse reproductive outcomes. Lead has been
associated with a wide range of adverse outcomes, including spontaneous abortion,
intrauterine growth restriction, premature delivery, stillbirths, pregnancy hyper-
tension, preeclampsia, and low birth weight, among others.

Several recent studies have suggested hypothesis related to the mechanisms by
which lead affects male and female reproductive health. However, more research is
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needed to clarify these mechanisms. In conclusion, lead exposure remains a health
problem for both male and female reproductive health. It is important to implement
protective measures to avoid the harmful effects of this toxic metal on reproductive
health of both men and women.
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