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ABSTRACT
Infertility is a major problem in modern society that 

affects a significant number of couples around the world. 
Heavy metals and a number of other factors have been 
causally linked to infertility. The aim of this study was to 
determine the effect of heavy metals lead, cadmium, and 
copper on the epidemiology of male and female infertility. 
Searches for articles published from 1982 to 2020 using 
related keywords such as male and female infertility and 
heavy metals were performed in scientific databases 
PubMed, Google Scholar, Science Direct, and others. 
The results showed that, in recent years, the number of 
infertile individuals has increased. Various environmental, 
occupational, and genetic factors have been described as 
potential causes. Heavy metals lead, cadmium, and copper 
cause infertility in couples through various mechanisms, 
such as changes in sperm motility factors, decreased 
semen quality, or effects on the egg. Exposure to physical 
phenomena such as radiation (ionized or microwave) 
and heat; stress and mental disorders; chemicals from 
cigarettes, respiratory pollutants (lead), insecticides and 
pesticides; anesthetic gases; and mercury and cytotoxic 
drugs may also contribute to the onset of infertility.
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INTRODUCTION
Lifestyle changes arising from industrialization have 

affected the health of men and women. According to the 
World Health Organization (WHO), reproductive health is 
affected by a number of factors that may potentially lead 
to infertility (Sarvari et al., 2010). Infertility is a growing 
public health problem in most countries, with cases in-
creasing by 50% since 1955. The impact of infertility on 
the economic and social development of societies is felt at 
a micro and macro level (Haslegrave & Olatunbosun, 2003; 
Shafi et al., 2016; Direkvand-Moghaddam et al., 2014).

Epidemiological studies show that the average prev-
alence of infertility in the world is 10%. The lowest and 
highest prevalence of infertility are found in Australia and 
Africa, respectively (Direkvand Moghaddam et al., 2016). 
The prevalence of infertility in the United States (Marchle-
wicz et al., 2007) is 10-15%; in China (Che & Cleland, 
2002), it is around 9%; and in Iran, 13.2% (Zarif Golbar 
Yazdi et al., 2020). Studies show that one sixth of couples 
suffer from infertility and describe environmental, occupa-
tional, and especially genetic factors, as elements associ-
ated with its occurrence (Irvine, 1998).

Environmental pollution and exposure to heavy met-
als are growing problems in the world. Heavy metals al-
ter several reproductive functions in men and women and 
lead to decreased sperm count, motility, viability, and 
spermatogenesis, hormonal imbalance, follicular atresia, 
and delayed egg maturation, to name a few. Heavy met-
als constitute an important toxicological aspect of fertility. 
Some metals are called reproductive toxins and are known 
as “endocrine disruptors (EDCs)”. Exposure to some of 
these toxic metals is unavoidable (Clementi et al., 2008). 
Cadmium and lead are among the metals that have been 
the most studied for changing hormone levels and causing 
fertility problems (Ghahremanei & Ghaem, 2005). Bellas 
et al. (2001) showed that about 5% of the cases of in-
fertility are caused by the harmful effects of exposure to 
ultra-high-frequency radiation, heavy metals, and herbi-
cides and insecticides in farms. Some occupations, such as 
working in radiology, industrial and chemical solvent fac-
tories, refineries, and lead mines may also interfere with a 
person’s fertility status (Koskimies et al., 2010; Wegner et 
al., 2010). Air pollutants such as exhaust fumes from cars 
cause defects in the gametogenesis of men and women 
(Carré et al., 2017).

Cadmium and copper can have destructive effects on 
the reproductive system and lead to infertility (Asadi et 
al., 2013). A study showed that exposure to mercury and 
lead can disrupt normal activity and impair sperm motility 
(Bellas et al., 2001). Animal studies have described the 
effects of different concentrations of heavy metals on the 
motility and ultramorphological parameters of fish sperm, 
which even in low concentrations may affect the move-
ment of sperm. Lead reduces the weight of the pituitary 
gland, consequently leading to decreases in the concentra-
tion of LH and FSH. LH has a direct effect on the changes 
in hormones estrogen and progesterone. Decreases in LH 
cause decreases in the concentrations of estrogen and pro-
gesterone (Parvizi & Ellendorff, 1982).

The advancement of science, industrial development, 
the introduction of products made with these chemicals, 
and lifestyle changes have increased the number of cases 
of male and female infertility, with psychological and social 
consequences. This study aimed to investigate the effects 
of toxic heavy metals lead, cadmium, and copper on male 
and female infertility.

MATERIAL AND METHODS
This study was conducted as a review of articles pub-

lished between 1982 and 2021. For this purpose, searches 
for articles were performed on Magiran, Google Scholar, 
SID, Scopus, PubMed, Science Direct, and ISI databases 
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based on keywords infertility, heavy metals, lead, cadmi-
um, copper, men, and women.

RESULTS AND DISCUSSION 
Although the industrialization of the world in the last cen-

tury has led to the production of products that in many ways 
have improved human living conditions, in some cases these 
products or the jobs created to produce them are harmful to 
public health and lead to disorders that occur in various or-
gans of the human body, including the reproductive system, 
which is more sensitive than other organs. Heavy metals can 
enter the human body through the airways, water, and food. 
Cadmium is one of the most widely distributed metals in the 
environment. This metal hurts various tissues of the body, 
including the kidneys and liver. Cadmium is in the prelimi-
nary list of toxic substances and ranks seventh among high-
risk toxic substances linked to disease. In the human body, it 
causes serious damage to the reproductive organs in adults, 
including the ovaries and testicles. Cadmium causes ad-
verse effects on the body’s organs through two mechanisms. 
Cadmium replaces zinc in many enzymes and, on the other 
hand, by reacting with thiol groups of proteins, it changes 
their structure and function, thus exerting toxic effects (Haji 
Ghasemkhan, 2007).

Cadmium as a factor in infertility was studied in 60 male 
volunteers from infertile couples in Nigeria. Researchers have 
suggested that the strong destructive effect of cadmium on 
spermatogenesis may be due to systemic cytotoxicity (Akin-
loye et al., 2006). Hemmati Borujeni et al. (2020) showed 
that cadmium chloride treatment in male rats led to the de-
struction and reduction of germ cells in spermatozoa and in-
fertility tubes. With increasing Cd accumulation in oocytes in 
female rats, the number of oocytes that reached metaphase 
II decreased significantly (Písa et al., 1990). A study about 
the effect of heavy metals on camel fertility showed a pos-
itive correlation between plasma concentrations of magne-
sium, and cadmium and percent sperm abnormalities (Meligy 
et al., 2019). Cadmium damages sperm tubes and causes 
cell degeneration. Studies have described tumors caused by 
exposure to heavy metals through smoking and occupational 
hazard. A typical cigarette contains 1.5 µ/gr of cadmium (Chia 
et al., 1994) and causes asthenozoospermia in smokers (Omu 
et al., 1995). 

The health of sperm DNA is one of the key factors in 
fertilization and fertility. Sperm DNA may be damaged 
by endogenous and exogenous factors and endanger the 
health of the fetus (Simon et al., 2013). Cadmium ex-
posure can increase testicular oxidative stress and ROS 
production in the epididymis, reducing sperm production, 
motility, antioxidant capacity, and increasing lipid peroxi-
dation (Marchlewicz et al., 2007). Subcutaneous injection 
of 1 or 5 mg of cadmium chloride (CdCl2) into adult male 
rats results in significant decreases in testicular weight, 
azoospermia, oligospermia, abdominal prostate, and sem-
inal vesicles (Saksena et al., 1977). 

Lead extensively damages the nervous system, kid-
neys, lungs, bone marrow, and causes impaired hemoglo-
bin biosynthesis and anemia, hypertension, miscarriage, 
preterm birth, male infertility, and learning disorders 
(Shimbo et al., 2001). Lead is considered an environmen-
tal pollutant. Therefore, the mechanism of action of lead is 
such that it can disrupt the endothelial systems of the cell 
by binding to calcium. Exposure to lead (40g/dl or 25g/dl 
for years) decreases fertility and increases the risk of mis-
carriage and stunted fetal growth (preterm delivery, low 
birth weight) (Bellinger, 2005). 

Male infertility for unknown reasons may also be as-
cribed to environmental and occupational exposure to var-
ious chemical agents. Individuals with significant exposure 
to lead are more likely to show adverse effects on ovarian 

and testicular growth on account of the effects of expo-
sure on the pituitary and thyroid hormones (Sokol, 1987). 
Cases of lead poisoning are often reported to affect work-
ers (Khan et al., 1995). Kalantari et al. (2009) found that 
the lead levels in people working in the furnace area of a 
smelting plant were higher than the levels seen in workers 
from other areas, and that they also had higher levels of 
prolactin and progesterone than the workers assigned to 
other parts of the plant. Sharma et al. (2013) evaluated 
the relative effects of lead during pregnancy and postpar-
tum. Lead acetate can cause severe damage to ovarian 
development during fetal and neonatal life, causing chang-
es in the primary and secondary follicles and impairing 
production system function (Sharma et al., 2013). Om-
ari et al. (2015) investigated the number of heavy met-
als present in cigarette smoke from brands sold in Kenya 
and found that lead had the highest concentration in all 
cigarette brands. Examination of experimental data from 
epidemiological and animal research shows that lead at 
different concentrations impairs spermatogenesis function, 
sperm function parameters, and reproductive hormones 
(Teijón et al., 2006).

Chowdhuri et al. (2001) showed that lead significant-
ly reduces the ability of sperm to attach to eggs. Lead 
contamination reduced sperm motility and viability in mice 
(Golshan-Iranpour & Emami, 2011). Severe toxic effects of 
mercury on rat sperm have also been reported (Pacey et 
al., 1994). Copper is one of the essential elements needed 
by the human body. This element is stored in the liver and 
acts as a catalyst in the chemical interactions involved in 
making hemoglobin and delivering oxygen to the body’s 
tissues (Preston & Snell, 2001; Babaei et al., 2012). The 
amount of copper in the semen plasma of infertile men is 
significantly higher than that of fertile individuals. Copper 
may mediate the effects of oxidative damage and play an 
important role in spermatogenesis and male infertility. In 
concentrations above 100mg/l, copper affected sperm mo-
tility in Dicentrarchus labrax fish (Kime et al., 1996).

CONCLUSION
Different types of environmental risk factors can lead to 

disorders in various organs of the human body. Some envi-
ronmental factors may cause the production of concentrated 
sperm in men. Exposure to lead, other heavy metals, and 
pesticides has been linked to male and female infertility. 
Controversy still looms over the relationship between other 
factors, such as overexposure to heat, microwave radiation, 
ultrasound, and other health risks, and infertility.
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