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Abstract

The general population is voluntarily or unintentionally exposed to heavy metals through ingestion of food, polluted water,
or contact with soil, dust, or polluted air. A number of metals are considered as endocrine disruptors and can alter the level
of reproductive hormones. This study aims to systematically review the epidemiological studies on the association between
heavy metals exposure and sex hormones level. We conducted a systematic search from available databases, including
PubMed, Clarivate Web of Science, Scopus, Google Scholar, and Cochrane Collaboration, until April 2021. The relevant
studies were selected, and two reviewers conducted the quality assessment. Then, data were extracted based on the inclusion
criteria. We identified nine articles related to the association between heavy metals exposure and sex hormones level. We
summarized the relevant information. Due to the diversity of metals and the variety of sex hormones, the effect of exposure
on hormones level was not clear; however in most studies, at least for one metal, a significant association (inverse or posi-
tive) was observed between metals exposure and hormones level. Heavy metals exposure may potentially alter sex hormone
levels; however, further research is needed to evaluate the impact of this association.
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Introduction environmental factors also play a role in the onset of preco-

cious puberty and sexual maturity [30, 31]. Earlier puberty

Puberty is the process by which adolescents reach sexual
maturity and are able to reproduce. In fact, a period of physi-
cal growth involves increasing height velocity and weight
and psychological development, including cognitive and
social maturity [8, 46]. The results of several studies have
shown that various factors, including dietary changes [12,
52], obesity [5, 23], and various types of stress [30], lead to
premature puberty. However, there is ample evidence that
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may increase the risk of metabolic syndrome, type 2 dia-
betes, certain types of cancer, and cardiovascular disease
[2, 18, 21, 28]. Humans’ exposure to endocrine-disrupting
chemicals (EDCs), including heavy metals, has a potential
effect on synthesis, metabolism, and transport of hormones
and results showed that the alter the time of pubertal [45].
The hypothalamic-pituitary—gonadal axis (HPG), gonado-
tropin-releasing hormone, luteinizing hormone, and follicle-
stimulating hormone regulate sex hormones. In addition,
SHBG (sex hormone-binding globulin) is a plasma glyco-
protein that carries both testosterone and estradiol through-
out the body. This substance is synthesized in the liver, and
its plasma level plays an important role in regulating the
level of free and bound albumin of sex hormones [27, 39].
Exposure to heavy metals may lead to improper regulation
of any of these processes and thus affect sex hormone levels.
Ingestion of food, water, dietary supplements, inhalation,
and dermal adsorption are the main routes of heavy met-
als exposure [33, 44]. Exposure to heavy metals can affect
infants, children, adolescents, and adults. Hormonal activi-
ties begin in utero development, so the effects of exposure to
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heavy metals may persist long after birth, leading to effects
observed in other stages of life [16, 48]. Likewise, exposure
to heavy metals during adolescence can also profoundly
affect behavior, brain maturity, and reproductive develop-
ment by causing dramatic hormonal changes during puberty
[10, 42, 46, 47]. Exposure to heavy metals in adulthood can
also affect sex hormone levels. Inorganic metals including
zinc (Zn), iron (Fe), nickel (Ni), cobalt (Co), copper (Cu),
molybdenum (Mo), magnesium (Mg), manganese (Mn, and
selenium (Se are essential for human health; however, these
metals can be toxic in high concentrations. On the other
hand, some metals like as lead (Pb), arsenic (As), mercury
(Hg), and cadmium (Cd) are toxic even at low concentrations
[44]. Due to the adverse effects of heavy metals on repro-
ductive, various studies have been conducted to evaluate the
possible association between heavy metals exposure and sex
hormones. For instance, in two studies of Telisman et al. that
investigate the association between heavy metal exposure
and sex hormones in men, results showed that there is a
synergistic effect between cadmium and lead on serum tes-
tosterone levels in both occupational and non-occupational
populations [49, 50]. Some other studies on both males and
females reported a positive association between Cd expo-
sure and testosterone level [3, 22, 36]. These findings are
inconsistent with other studies that reported no association
between cadmium and sex hormones [36]. Some other stud-
ies reported that Pb exposure affected pubertal development
in girls [14, 15, 19]. Denham et al. observed that Hg levels
were associated with earlier menarche [15], while obtained
results from other studies revealed that Hg concentration was
associated with increased estradiol levels in adults [1]. A few
studies recently found a relationship between some metals
like Cu, Mn, and Mo and adverse effects on reproduction in
males [20, 34, 50].

Due to the conflicting evidence, various types of heavy
metals, and the diversity of the sample population used, fur-
ther research is needed on the role of heavy metals in sex
hormone disruption. This current work aims to systemati-
cally review the human studies conducted to evaluate the
relationship between heavy metals and sex hormones.

Material and Methods
Search Strategy

We conducted a systematic search on PubMed, Clarivate
Web of Science, Scopus, Google Scholar, and Cochrane
Collaboration for original research published until April
2021, based on the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines [37].
All epidemiological studies in males and females written in
the English language were considered. Studies have been
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included in this systematic review article that has examined
the association between exposure to one or more heavy met-
als and sex hormones in men and females. Sex hormones
include sex hormone-binding globulin (SHBG), testoster-
one (T), free testosterone (FT), free androgen index (FAI),
follicle-stimulating hormone (FSH), estradiol (E2), free
estradiol, and luteinizing hormone (LH),these keywords are
combined with keywords related to heavy metals.

We used the following keywords for founding relevant
original articles: “Heavy metals” OR “Metals, Heavy”
(MeSH) OR “Cadmium” (MeSH) OR “Lead” (MeSH) OR
“Mercury” (MeSH) OR “Arsenic” (MeSH). We also used
“Progesterone” (MeSH) OR “Testosterone” (MeSH) OR
“Adrenal steroid” OR “steroid hormones”(MeSH) OR “Sex
Hormone” OR “Estradiol” (MeSH) OR “steroid hormones”
OR “androstenedione glucuronide” OR “Sex-hormone Bind-
ing Globulin (SHBG)” OR “Luteinizing hormone (LH)”
These keywords are combined with the former keywords
series using the Boolean operator “AND.” We restricted
PubMed search to human studies in English. This search line
was used in other databases (Scopus, ISI,..). Two independ-
ent reviewers evaluated the final list of studies. We removed
articles if they were duplicate, were animal studies, had
irrelevant study design (case report, review, meta-analyses),
and had irrelevant exposure, or irrelevant outcome. Same as
in previous studies [25, 26], we assessed the qualification
of articles using the STROBE checklist. Two independent
reviewers rated each article, and the final score was reported
as averaged (see Table 1). Some details include STROBE
mean score, first author’s name, publication year, country,
study design, sample size, type of heavy metals, type of sex
hormones, confounding factors, and adverse effect on sex
hormones extracted from all eligible papers (see Table 1).

Results
Study Selection and Participant Characteristics

Our systematic search returned 350 articles, 124 articles
from PubMed, 90 articles from Clarivate Web of Science,
and 136 articles from Scopus. All duplicate articles were
excluded (n=110), and the rest were screened based on title
and abstract (n =240). One hundred ninety-one articles were
excluded in this step. We included 49 articles in this system-
atic review; however, 38 articles were excluded based on our
inclusion/exclusion criteria (irrelevant exposure and irrel-
evant outcome) (n=11). Evaluation of article’s quality based
on STROBE checklist causes to exclude of two articles due
to the low quality. Finally, nine articles are included in this
systematic review (Fig. 1). All included studies with cross-
sectional design examined the association between heavy
metals exposure and sex hormones in males and females.
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Table 1 (continued)

&

STROBE

score

Year Mean
2019 19

First author Country

Sample size Study design

Heavy metals

Confounding factors

Hormones

Springer

Mexico

Pahriya Ashrap

132 Cross-sectional

Child age, BMI z-score and ~ Aluminum, arsenic, barium,

Testosterone, estradiol,

girls

cadmium, cobalt, copper,
iron, manganese, molyb-
denum, nickel, antimony,

selenium, zinc

specific gravity

dehydroepiandrosterone

8-13 years old

sulfate (DHEAS), inhibin
B, sex hormone-binding

elobulin (SHBG)

Of these, two articles were conducted on children and ado-
lescents. In this study, we categorized the included articles
by type of sex hormones as follow:

Sex Hormone-Binding Globulin (SHBG)

Based on our search, eight of nine epidemiology studies
were identified related to heavy metal exposure and SHBG
[3,6, 11, 14,27, 35, 38, 43]. These studies were conducted
in six different countries in three continents of Europe, Asia,
and America. Three European cross-sectional studies were
as follows: one in Sweden [3], one in Belgium [14], and the
other one in Poland [43]. Cross-sectional studies of Asia
were conducted in China [11] and Japan [38], and finally,
three American studies were conducted in the USA [6, 27,
35]. In Kresovich et al. [27], there was a significant posi-
tive association between lead and cadmium exposure and
SHBG (see Table 2). Also, the evaluation of metals exposure
effect on hormones and sexual maturation in Flemish ado-
lescents revealed a significant positive association between
blood copper level and SHBG [14]. Meeker et al. [35] inves-
tigated the association between metals (cadmium, copper,
lead, arsenic, chromium, manganese, mercury, molybdenum,
thallium, selenium, zinc) and serum FSH, LH, inhibin B,
T, and sex hormone-binding globulin levels. They reported
that Manganese exposure had an inverse relationship with
SHBG (Table 2). The cross-sectional study of Rotter et al.
[43] reported that W, Zn, and Cr had a significant nega-
tive relationship with SHBG. However, this study showed
a significant positive association between manganese expo-
sure and sex hormone-binding globulin. The cross-sectional
study in China reported a significant negative association
trend between blood cadmium level (BLC) and SHBG [11].
Two other cross-sectional studies conducted on premeno-
pausal and postmenopausal women reported no associa-
tions of blood cadmium level or urinary cadmium level with
serum concentration of SHBG [3, 38] (see Table 2). These
results were consistent with the results of a study conducted
on pregnant women in their third trimester of pregnancy
and their children in 8—13 years. This study reported that
there is no association between peripubertal metal levels
and SHBG [6].

Testosterone (T) and Free Testosterone (FT)

Eight of the selected studies assessed the relationship
between metal exposure and testosterone levels [3, 6, 11,
14, 27, 35, 38, 43], and also four reported the association
between metal exposure and free testosterone [14, 27,
38, 43]. Two American studies on males reported a posi-
tive association between lead and cadmium exposure and
testosterone level [27, 35]. Also, the authors of a study in
Michigan reported a positive association between blood
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(PubMed: 124, ISI web of science: 90, Scopus: 136)

Eligible studies (n=350)

Fig. 1 Diagram for illustrating
the process of screening and
selecting eligible studies
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copper level and testosterone, while a significant inverse
correlation was observed for molybdenum levels with tes-
tosterone [35]. The cross-sectional study of Rotter et al.,
which examined the associations between concentrations of
metals in whole blood, microelements, and macroelements
in serum and hormonal change, reported that in the blood,
there is a significant positive association between Mg, Fe,
Mo, and total testosterone (r,=0.19, P=0.00074, r,=0.12,
P=0.034, r,=0.11, P=0.043). However, they observed
a negative correlation between Mn and total testosterone
(ry=—0.17, P=0.027). The results found for whole blood
metals showed no significant relationship between serum
testosterone levels and metals (Pb, Cd, As, Hg, W). In
addition, results related to the free testosterone revealed
that there is a positive correlation between Fe (r,=0.13,
P=0.025), Cr (r,=0.19, P=0.00066) and free testoster-
one and there is a negative correlation for Cd (r,= —0.14,
P=0.011) and W (ry= —0.16, P=0.004) [43]. In a Chi-
nese study of 5690 participants, including 2286 men and

3404 women aged 18 years and older, blood cadmium level
(BLC) was negatively associated with total testosterone (TT)
in men (P for trend =0.001), while linear regression results
in full adjustment model showed that there is no associa-
tion between BLC and TT in postmenopausal women (P
for trend =0.685) [11], while a Sweden study (n=438)
on postmenopausal women reported a significant positive
association between blood cadmium level and serum testos-
terone level after adjusted for age, education, BMI, parity,
smoking, and alcohol consumption (P=0.036) [3]. Another
cross-sectional study on premenopausal and postmenopau-
sal Japanese women reported that an increasing cadmium
level in premenopausal women was significantly associated
with a decrease in testosterone and free testosterone levels.
However, in postmenopausal women, an increasing T level
trend was associated with an increasing cadmium level [38].
A Belgium study using data from three cross-sectional stud-
ies (n=2671) on 14-15-year-old adolescents in 2002-2015
revealed a significant negative association between blood

@ Springer
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¢ o g copper (B-Cu) and T and FT in both groups of FLEHS I and
i , s2g9 , oI ) FLEHS II. Also, they found B-Pb was negatively associ-
s % S ) OI % < OI ated with FT in FLEHS 1I [14]. A Mexican cross-sectional
§ = E § ol % é oI g study on pregnant women in the third trimester and their
g t& % . 5 S % 5 S o children reported peripubertal exposure to Ni was associ-
£ 5 ) =S4 = ) SY p< ated with higher testosterone level (%A/IQR: 40.8, 95% CI:
~:\ § = °| Ql = {_', = J: S .Jj' 18.0, 68.0), while peripubertal Cu concentrations were asso-
2% E z ;C:' g o :I E § “ ;C-j' o J: f’:’ ciated with lower testosterone level (% A/IQR: 28.0, 95% CI:
g E %‘? 5B LD 8 %g Sy 8 45.5,—4.8) [6]. Extracted results of studies were shown in
s 8 < VAR A € VR AL

Table 2.
Free Androgen Index (FAI)

Among nine selected articles, only two studies reported data
related to the relationship between heavy metals exposure
and FAI [35, 43]. A cross-sectional Polish study of 313
men aged 50 to 75 reported positive association between
FAI and the concentrations of As (r,=0.11, P=0.046), W
(ry=0.34, P<0.0001), Zn (r,=0.2, P=0.0003), and Ca
(r,=0.15, P=0.009). However they found a negative corre-
lation between FAI and Pb (r;= —0.18, P=0.001), and Mn
(r=—0.35, P<0.0001) [43]. The cross-sectional study of
Meeker et al. revealed that molybdenum has inverse associ-
ated with FAI (P for trend =0.004), while in the adjusted
models of FAI for other metals and covariates, results
showed that FAI was also positively associated with chro-
mium and copper [35].

-Results of concentration of

estradiol (E2)

-Results of concentration of
Follicle-stimulating hormone

(FSH)

Follicle-Stimulating Hormone (FSH)

Three cross-sectional studies evaluated the association
between heavy metals exposure and follicle-stimulating hor-
mone [11, 29, 35]. One Korean study (n=4689) and also a
Chinese study (n=5690) assessed this association in men
and postmenopausal women; however, their results were
inconsistent. The Korean study evaluated concentrations of
blood lead and mercury and the urinary level of cadmium.
They reported that only Pb exposure had a positive associa-
tion with FSH in postmenopausal women. However, they
found no significant association between metals exposure
and serum FSH concentration [29]. On the other hand, Chen
et al. reported no association between exposure to cadmium
and FSH in men and postmenopausal women [11]. In a study
by Meeker et al., with 219 men participants in Michigan, no
association was observed between metals (As, Cd, Cr, Cu,
Pb, Mn, Hg, Mo, Se, Tl, Zn) exposure and serum concentra-
tions of FSH [35] (see Table 2).

-Results of concentration of free

androgen index (FAI)

-Results of serum concentration

of free testosterone

Estradiol (E,) and Free Estradiol

Seven studies evaluated the association between heavy met-
als exposure and estradiol or free estradiol (Table 2) [3, 6, 11,
14, 27, 38, 43]. Despite differences in participants, sample

Table 2 (continued)
First author name
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size, and geographical location, most of studies reported an
inverse association between metals exposure and estradiol
level. The cross-sectional study of Ali et al. observed an
inverse association between blood cadmium concentration
and serum estradiol levels (P =0.009) and the estradiol index
(P=0.002); also, urinary cadmium level showed inversely
associated with serum estradiol level (P=0.013) [3], and
results are consistent with the results of a study on Flem-
ish adolescents which found blood copper concentration is
significantly negatively associated with estradiol (P=0.001)
and free estradiol (P <0.001); also, blood lead showed the
same association with free estradiol (P =0.015) [14]. Two
other cross-sectional studies conducted on pre- and postmen-
opausal women [38], and pregnant women and their children
[6] reported the negative trend same as previous named stud-
ies between association of metals exposure and serum estra-
diol levels. The Chinese study on men and postmenopausal
women reported no significant association between blood
cadmium level and E, [11], At the same time, evaluation of
Pb and Cd concentration in adults male by Kresovich et al.
revealed a significant positive crude trend between blood Cd
and estradiol (P for trend =0.0345). Also, the positive corre-
lation between whole-blood arsenic levels and E, (r;=0.14,
P=0.013) in andropausal men was observed in the study of
Rotter et al., while they found negative correlation between
E, and Cr (r;= —0.12, P=0.034) and Hg (r,= —0.12,
P=0.033) [43].

Luteinizing Hormone (LH)

Four studies assessed the relationship between metals expo-
sure and LH (see Table 2). Two of them observed a signifi-
cant negative association, while two others reported no asso-
ciation between metals exposure and LH (see Table 2) [11,
14, 35, 38]. A cross-sectional study on 219 men between 18
and 55 years of age reported arsenic, selenium, and copper
were inversely associated with LH [35]. Consistent with the
results of this study, Craemer et al. observed a significant
negative association between blood copper and LH [14].
However, two cross-sectional studies on pre- and postmen-
opausal women and men reported no association between
metals exposure and LH [11, 38].

Discussion

This systematic review summarized the current epidemi-
ological studies related to the association between heavy
metals exposure and sex hormones. Due to the high diver-
sity of heavy metals and different types of sex hormones,
we categorized the effects of exposure to heavy metals in
different groups based on sex hormones. Also, according

to the differences in the selected participants and different
geographical locations, inconsistent results were observed
in each part.

Sex hormone-binding globulin (SHBG) is a protein that is
made primarily in the liver. SHBG can bind to sex steroids,
including testosterone, estradiol, and dihydrotestosterone
(DHT). SHBG carries these hormones through the blood-
stream, causing them to remove from direct circulation in
the body [53]. In general, a low SHBG level means more
unbound sex hormones for use, whereas a high SHBG level
means lower concentrations of free sex hormone in the body.
Therefore, SHBG levels have a significant effect on the sex
hormones regulation process. In this regard, various studies
have been performed to evaluate parameters affecting the
SHBG level. Heavy metal exposure is one of these parame-
ters that we reported related results in this systematic review
study. According to the results reported in Table 2, it was
found that 37.5% of them showed a negative relationship
[11, 35, 43], 25% showed a positive relationship [14, 27],
and 37.5% reported no association between metals exposure
and SHBG [3, 6, 38]. Although according to the data, stud-
ies with a higher number of participants found an inverse
result between exposure to heavy metals and SHBG,this cor-
relation is unclear due to the heterogeneity of the results.
In addition, observation of a negative association may be
due to some studies limitations. For instance, in the study
by Meeker et al., a high percentage of blood samples had
lower concentrations of metals than LOD (limit of detection,
and they also used only one blood sample for their study.
Because metals such as cadmium and molybdenum accu-
mulate in the kidneys and are excreted in the urine, the use
of urine samples as a biomarker can affect the study results.

Similar to what was observed for SBHG, the results of
testosterone and free testosterone are inconsistent during
studies. Based on the reported results in the previous sec-
tion, at least one metal has a significant relationship with
the level of testosterone or free testosterone (positive or
negative relationship) in all studies that evaluated the asso-
ciation between heavy metals exposure and T or FT level.
These results showed the importance of exposure to heavy
metals on the level of testosterone or free testosterone in
men and women. Although a cross-sectional study by Chen
et al. [11] showed that blood cadmium levels were negatively
correlated with testosterone levels in men, studies by Kreso-
vich et al. [27] and Meeker et al. [35] found that cadmium
concentrations were positively correlated with testosterone
levels. The same heterogeneity is observed in the results for
other metals such as lead, iron, and manganese. Thus, it is
not possible to comment with certainty about the positive
or negative relationship between exposure to heavy metals
and testosterone or free testosterone levels,however, it can
be said that heavy metals may have significant effects on the
level of this hormone. Although these studies evaluate the
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association between exposure to heavy metals and testoster-
one and free testosterone, all of them have a cross-sectional
design. Therefore, they cannot draw a causal connection
between metal exposure and hormone levels. In addition,
blood samples have been used in most studies, while long-
term exposure can be measured using urine samples.

Because any change in reproductive hormone levels can
reduce fertility or increase the risk of endocrine-secreting
cancers or other side effects, so metals exposure effecting
should be more considered [35]. The results of two studies
related to the relationship between heavy metal exposure and
free androgen index (FAI) showed that metals could affect
increasing or decreasing FAI levels. However, since these
results are related to the only two studies with a relatively
low number of participants (n=219, n=313) (32, 36), it is
necessary to conduct studies with a larger sample size to
determine this relationship.

Similar to FAI, few studies have examined the association
between exposure to heavy metals and FSH [11, 29, 35].
However, the most obtained results reported no significant
relationship between metals concentration and FSH levels
for most metals during these studies. Thus more studies with
a larger sample size should be conducted to evaluate the
effect of heavy metals exposure on the FSH level.

Estradiol (E,) is the most common compound in a group
of steroids called estrogen. While men and women have
the hormone estradiol, which plays a role in their bodies,
women have higher estradiol levels, and it is known as the
most important female sex hormone. In women, the main
function of estradiol is to mature and maintain the reproduc-
tive system. Estradiol is made primarily in the ovaries, so
its levels decline as women age and decrease significantly
during menopause. In men, proper levels of estradiol help
maintain bone, produce nitric oxide, and improve brain func-
tion [54]. While men need lower levels of E, than women,
they still need this important hormone to function properly
[51]. Heavy metals as endocrine disruptors may affect the
function of endogenous hormones such as estradiol by inter-
fering with their synthesis or activity [17]. In this regard,
some studies assessed the association between heavy met-
als exposure and estradiol or free estradiol. Of the seven
studies that reported estradiol levels, more than 70% of the
studies for at least one metal found an inverse relationship
between metals exposure and estradiol levels [3, 6, 14, 38,
43]. Estrogen deficiency has different consequences for men
and women and accounts for the risk of osteoporotic frac-
tures [7]. For instance, two case—control studies reported
that lower estrogen or androgen levels in postmenopausal
women are associated with vertebral fractures [4, 32]. In
addition, another study observed that in women, very low
levels of estradiol were associated with the prevalence and
incidence of vertebral deformities [13]. Also, in the study
of Barrett-Connor and co-workers, a clear association was

@ Springer

found between vertebral fractures and estradiol levels in
older men [7]. Therefore, the effect of exposure to heavy
metals on estradiol levels seems to be important, especially
in elderly age and should be considered.

Luteinizing hormone (LH) is a hormone produced in the
anterior pituitary gland [40]. LH and FSH act together to
regulate gonadal function [41]. Stimulation of puberty and
testicular and ovarian function and regulation of gametogen-
esis and steroidogenesis are among the biological actions of
these two hormones [9], so LH is essential for puberty and
normal sexual function. Due to the same source of secre-
tion, LH deficiency usually occurs with FSH deficiency,
and a deficiency of these two hormones can have conse-
quences such as delayed puberty, reproductive abnormali-
ties, and hypoglycemia [24]. In this systematic review, the
obtained results of four studies that examined the LH level
are 50:50. Two reported the negative association between
metals exposure, such as arsenic, selenium, and copper [14,
35], while two others found no association between metals
exposure and LH levels [11]. For this, more research should
be performed to determine the relationship between metals
exposure and LH level.

Study Limitation

All of the selected studies in this systematic review have
been observational and cross-sectional; studies with large
sample sizes and long-term follow-up are necessary to
obtain the association between heavy metals exposure and
sex hormones. Also, due to the high diversity of heavy met-
als and the variety of sex hormones, the results of studies
were heterogeneous.

Conclusion

The current evidence proposes that heavy metal exposure
during life could potentially affect levels of some sex hor-
mones and lead to decline reproductive health or increase
the risk of endocrine-related cancers or other adverse effects.
Given the current knowledge about the potential effects of
metals on hormone levels and, of course, human health,
exposure to these compounds should be considered as a
detrimental factor, and less input these compounds should
be emphasized to protect the environment.
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