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Highlights 

 Increased mercury levels were associated with infertility or subfertility status; 

 Infertile males had higher levels of mercury in hair than fertile males; 

 Mercury reduced semen quality parameters; 

 Increased mercury levels were associated with incidence of menstrual and 

hormonal disorders. 

 

 

Abstract 

Background: Evidences from human and animal studies suggest that reproductive 

function may be affected by mercury. The aim of this review was to explore the mercury 

influence on human fertility.  

ACCEPTED M
ANUSCRIP

T

mailto:teresaherdeiro@ua.pt


Methods: A systematic search was made in PubMED for papers published between 1975-

2017, according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses guidelines.  

Results: Increased mercury levels were associated with infertility or subfertility status. 

Further, infertile subjects with unexplained infertility showed higher levels of mercury in 

hair, blood and urine than fertile ones. Mercury exposure induced sperm DNA damage 

and abnormal sperm morphology and motility. Additionally, mercury levels were related 

with higher incidence of menstrual and hormonal disorders and increased rates of adverse 

reproductive outcomes. 

Conclusions: Our review showed that mercury negatively impacts human reproduction, 

affecting the reproductive and endocrine systems in both male and female. However, the 

molecular mechanisms underlying the mercury-associated decline on fertility remains 

unknown. 

 

 

Abbreviations: 

BMI – body mass index; BTB – blood-testis-barrier; DFI – DNA fragmentation index; 

DNA – deoxyribonucleic acid; ELSPAC – European Longitudinal Study of Pregnancy 

and Childhood; FSH – follicle-stimulating hormone; GnRH – gonadotropin-releasing 

hormone; GSTM – glutathione S-transferase M; HDS – high DNA stainable; Hg – 

mercury; IVF – in vitro fertilization; LH – luteinizing hormone; MeHg – methylmercury; 

PCO – polycystic ovary; PRISMA - Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses; SHBG – sex hormone-binding globulin; ROS – reactive oxygen 

species; TSH – thyroid-stimulating hormone; TTP – time-to-pregnancy; USA – United 
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States of America; USEPA – United States Environmental Protection Agency; WHO – 

World Health Organization. 

Keywords: 

Epidemiology; Human fertility; Mercury exposure; Reproduction; Systematic Review. 

 

1. Introduction 

Infertility is defined, by the World Health Organization (WHO), as a disease of the 

reproductive system that consists in the failure to achieve a clinical pregnancy after 12 

months or more of regular unprotected sexual intercourse [1]. It is estimated that nearly 

15% of couples are infertile and in approximately 50% the causes are unknown. Lifestyle 

factors related with smoking, alcohol or caffeine intake  and environmental risk factors, 

namely exposure to heavy metals such as mercury (Hg), lead, cadmium and/or mixture 

of metals may impact the reproductive system [2–5].  

Hg is a naturally-occurring chemical element found on Earth, existing in three different 

chemical forms: elemental, inorganic and organic (e.g. methylmercury, MeHg) [6]. In 

humans, Hg exposure occurs predominantly through the consumption of seafood or 

sashimi, but also dental amalgams, button cell batteries, broken thermometers and 

compact fluorescent light bulbs and skin-lightening creams. Hg exposure is also 

dependent on the living region, education level and type of job [7–9].  

Hg causes adverse effects on male reproductive functions in rats, namely impairment of 

spermatogenesis, decrease in sperm motility and increase in the number of sperm head 

abnormalities [10–12]. In females, data indicate that Hg exposure can result in an 

accumulation in ovaries of mice that may cause alterations in reproductive behavior and 

contribute to infertility or ovarian failure [13]. Moreover, there is transplacental passage 

of Hg in animals [14]. However, despite numerous animal studies, whether Hg affects 
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human reproductive health remains unclear. 

To our knowledge, no systematic review and/or meta-analysis reported the effect of Hg 

on human fertility and generally on human reproductive health. Given the Hg exposure 

in the general population, understanding the impact of Hg on human fertility is relevant 

for public health policies. Therefore, we systematically reviewed the available literature 

to evaluate the influence of Hg exposure on human fertility and/or adverse reproductive 

outcomes. 

 

2. Methodology 

2.1. Literature search methodology 

For the purpose of this systematic bibliographic review, a search was made in the 

scientific PubMed database from 1 January 1975 to 30 November 2017, according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines [15]. In addition, other papers were located by manual search targeting 

journals, particularly those less likely to be indexed and references cited by papers 

retrieved. 

The search strategy was designed to identify relevant studies addressing Hg exposure and 

the effects on human fertility, including effects on sperm parameters, testis and ovarian 

functions, reproductive hormones and reproductive outcomes. The following search 

terms were used in PubMed: (mercury OR methylmercury) AND (fertility OR infertility 

OR reproduction OR pregnancy OR time-to-pregnancy OR testis OR testicular OR sperm 

OR spermatozoa OR semen OR ovary OR ovaries OR oocyte OR follicle OR ovarian OR 

embryo quality).  

To be considered eligible for this review, studies were required to: (1) be published in 

English; (2) state that their main aim was to evaluate the effect of Hg exposure on human 
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reproductive health, including semen parameters, time-to-pregnancy (TTP), gonadal 

endocrine function, fertility status and adverse reproductive outcomes; (3) use 

quantitative methodology; (4) focus on human studies. 

Studies were excluded if they were case-reports, review articles and preclinical or in vitro 

studies. Studies involving patients with infertility accompanied by other disorders of the 

reproductive system (e.g. varicocele) were also excluded. 

Two reviewers screened out non-relevant titles and examined the abstracts to determine 

if studies fell within the inclusion criteria for the review. Whenever a title or abstract 

could not be rejected with certainty, the full text was obtained for further screening. The 

full text was then obtained for the remaining studies and determined if those manuscripts 

met the inclusion criteria.  

 

2.2. Data extraction 

To summarize the methodological and the sample characteristics of the selected studies, 

Table 1 was drawn up showing the following parameters: author, year of publication, 

country, number of subjects, study design, setting, outcome measured and age of patients 

included (range or mean ± standard deviation). 
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Table 1 - Main characteristics of studies on Hg exposure and human fertility and reproductive outcomes. 

First author 

(year), country 
Groups Design Setting Outcome measure 

Range or 

mean age 

De Rosis et al. 

(1985), Italy 

[16] 

♀ Exposed – 153 

♀ Non-exposed - 293 

Cross-

sectional* 

Two factories located in southern 

and northern Italy 

Questionnaire concerning reproductive history, 

demographic data and history of exposure. 

Relation between Hg exposure and prevalence of 

reproductive disorders. 

N/D 

Lauwerys et al. 

(1985), Belgium  

[17] 

♂ Exposed – 103 

♂ Non-exposed - 101 

Questionnaire 

study 
Six factories in Belgium 

Questionnaire concerning demographic data, reproductive 

history and working conditions. 

Relation between Hg exposure and reproductive outcomes. 

Exposed – 21-

60 

Non-exposed – 

22-58 

Sikorski et al. 

(1987), Poland 

[18] 

♀ Exposed – 81 

♀ Non-exposed - 34 

Cross-

sectional* 

Dental service surgeries in the 

Lublin 

Questionnaire concerning demographic data, reproductive 

history and working conditions. 

Relation between total Hg levels in the scalp and pubic hair 

and reproductive process of women working in dental 

surgeries. 

Exposed - 21-

56 

Non-exposed - 

20-46 

Alcser et al. 

(1989), USA 

[19] 

♂ Exposed – 241 

♂ Non-exposed - 254 

Retrospective 

cohort 
Department of Energy plant 

Questionnaire concerning reproductive history, 

demographic data, relevant occupational exposure and 

lifestyle factors.  

Relationship of male occupational elemental Hg exposure 

and several reproductive outcomes. 

20-50 

Cordier et al. 

(1991) 

[20] 

♂ Exposed – 152 

♂ Non-exposed - 374 
Epidemiological Chloralkali plant 

Questionnaire concerning occupational history and 

reproductive history. 

Relationship of male occupational elemental Hg exposure 

and reproductive outcomes: spontaneous abortions. 

Exposed - 37.0 

± 0.5 

Non-exposed - 

37.3 ± 0.3 

McGregor et al. 

(1991) 

[21] 

> 5 years exposed – 11 

< 5 years exposed – 18 

Control – 63 

Cross-sectional 
Industries that involve vapor Hg 

exposure 
Effect of Hg exposure on testicular endocrine function. 

> 5 years 

exposed – 50 ± 

11.4 

< 5 years 

exposed – 35.2 

± 13.7 

Control – 41.3 

± 12.6 
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Chia et al. (1992), 

Singapore 

[22] 

♂ - 35 
Cross-

sectional* 

Andrology Clinic at Singapore 

General Hospital 

Relationship of semen parameters (volume, total sperm 

count, sperm viability, progressively motile sperm and 

sperm morphology) and blood concentrations of Hg. 

37.7 ± 5.5 

Barregârd et al. 

(1994) 

[23] 

♂ Exposed – 41 

♂ Non-exposed – 41   

Cross-

sectional* 
Chloralkali plant Effect of Hg exposure on testicular endocrine function. 

Exposed – 19-

65 

Non-exposed 

18-61 

Rowland et al. 

(1994), USA 

[24] 

♀ Exposed – 296 

♀ Non-exposed - 111 

Retrospective 

cohort 

California Department of 

Consumer Affairs 
Effect of occupational Hg exposure on female fertility. N/D 

Hanf et al. 

(1996), Germany 

[25] 

Cases – 80 

Cohort control – 7 
Case-control* 

Cases - Women’s Hospital, 

University 

of Tiibingen 

Cohort controls – workers at a 

thermometer manufacturing plant 

Questionnaire concerning the number and size of amalgam 

fillings. 

Relationship of Hg concentrations in urine and ejaculate 

and semen parameters. 

Cases – 35 

Control – 45 

 

Dickman et al. 

(1998), China 

[26] 

♀ - 35 

♂ - 166 

Cross-

sectional* 
IVF center 

Questionnaire about demographic data, lifestyle factors and 

clinical data.  

Relationship of Hg concentrations found in the hair of 

subjects and fertility status. 

25-72 

Gerhard et al. 

(1998), Germany 

[27] 

♀ Infertile - 501 Observational 

Department of Gynecological 

Endocrinology and Reproduction, 

University Hospital of Obstetrics 

and Gynaecology, Heidelberg, 

Germany 

Relation between urinary Hg excretion and female 

infertility. 
30 ± 7 

Dahl et al. (1999), 

Norway 

[28] 

♀ Exposed – 558 

♀ Non-exposed - 450 

Retrospective 

observational 

Exposed group - Norwegian 

Dental Association 

Non-exposed group - Norwegian 

Educational Association 

Questionnaire concerning reproductive history, 

occupational history and demographic data. 

Effect of occupational Hg exposure on female fertility. 

N/D 

Leung et al. 

(2001), China 

[29] 

♂ - 59 

(divided into two groups 

according Hg 

concentration) 

Cross-

sectional* 

Assisted Reproduction Unit of the 

Chinese University of Hong Kong 

Questionnaire concerning the duration of infertility, 

presence of female factors, demographic data and social 

habits. 

Association between whole blood Hg concentrations and 

semen quality parameters. 

36-41 

Choy et al. (2002) 

China 
♂ - 111 

Prospective 

observational 

IVF Unit of the Prince of Wales 

Hospital in Hong Kong 

Relationship between semen parameters and Hg 

concentrations in blood and seminal fluid of males. 
38 
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[30] 

Choy et al. 

(2002), China 

[31] 

♂ 

Cases – 150 

Control – 26 

♀ 

Cases – 155 

Control – 26 

Case-control 
IVF Unit of the Prince of Wales 

Hospital in Hong Kong 

Relationship between blood Hg concentration and 

male/female fertility outcomes- 

♂ 

Cases – 38.0 ± 

4.2 

Control – 34.3 

± 5.8 

♀ 

Cases – 34.8 ± 

3.3 

Control – 31.0 

± 5.1 

Arakawa et al., 

(2006), Japan 

[32] 

♀ - 180 

♂ - 180 

Prospective 

cohort 
Two hospitals in Sendai 

Questionnaire about lifestyle parameters, TTP and 

biological attributes. 

Associations between hair Hg concentrations and TTP. 

♀– 30.6 

♂– 31.9 

Cole et al. (2006), 

Canada 

[33] 

♀ - 41 

♂ - 41 

Cross-

sectional* 

Department of Obstetrics and 

Gynecology of St. Joseph’s 

Hospital in Hamilton 

Questionnaire regarding demographic data, work history, 

environmental exposures, personal consumption, medical 

and reproductive history. 

Effects of maternal and paternal Hg exposure on TTP. 

♀– 20-34 

♂– 20-45 

Rignell-Hydbom 

et al. (2007), 

Sweden 

 [34] 

♂ - 195 Sub-cohort 
Cohort of fishermen from the 

Swedish 

Questionnaire about lifestyle, medical and reproductive 

data. 

Association between MeHg exposure and human sperm 

motility, sperm concentration, total sperm count, sperm 

chromatin integrity and the proportion of Y-chromosome 

bearing sperms. 

24-67 

Xue et al. (2007), 

USA 

[35] 

♀ -1024 
Prospective 

study 

Prenatal clinics of Michigan 

communities 

Personal interviews regarding demographic data, dietary 

habits and lifestyle factors. 

Associations between maternal fish consumption, Hg levels 

and risk of preterm delivery. 

< 25 

Al-Saleh et al. 

(2008), Saudi 

Arabia 

[36] 

Pregnancy outcome 

Cases – 321 

Controls – 203 

Fertilization outcome 

Cases – 63 

Controls – 556 

Case-control* 

IVF embryo transfer unit, King 

Faisal Specialist Hospital and 

Research 

Questionnaire about demographic data, menstrual history, 

fertility problems, lifestyle factors and environmental and 

occupational history.  

Influence of Hg exposure on in vitro fertilization and 

pregnancy outcome. 

19-50 
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Meeker et al. 

(2008), USA 

[37] 

Study – 146 

Comparison – 73 

Cross-

sectional* 
Two Michigan infertility clinics 

Relationship between Hg exposure at environmental levels 

and human semen-quality parameters. 
18-55 

Laks (2009), USA 

[38] 
♀ - 485 Sub-Cohort* 

National Health and Nutritional 

Survey 

Assess chronic Hg exposure within the US population. 

Associations between Hg concentrations in blood and 

hormone levels. 

35-40 

Meeker et al. 

(2010), USA 

[39] 

♂ - 219 Cross-sectional Two Michigan infertility clinics 
Associations between Hg exposure and male reproductive 

hormone levels. 
18-55 

Bloom et al. 

(2010), USA 

 [40] 

♀ - 58 

♂ - 36 

Preliminary 

study 

University of California at San 

Francisco Center for Reproductive 

Health 

Association between Hg exposure and in vitro fertilization 

endpoints. 

♀- 35.8 ± 3.9 

♂– 38.4 ± 4.3 

Bloom et al. 

(2011), USA 

[41] 

♀ - 54 

♂ - 36 

Preliminary 

prospective 

cohort 

University of California at San 

Francisco Center for Reproductive 

Health 

Association between Hg levels and embryo quality 

indicators during in vitro fertilization. 

♀- 35.63 ± 

3.81 

♂– 38.50 ± 

4.28 

Dickerson et al. 

(2011) 

[42] 

♀ - 30 
Prospective 

pilot 
N/D 

Assess the impact of long and short-term Hg exposure 

status on the gonadal response to gonadotrophin 

stimulation during a standard long-protocol agonist in vitro 

fertilization cycle. 

32.7 ± 4.4 

Jackson et al. 

(2011), USA 

[43] 

♀ - 259 Cohort University at Buffalo 
Relationship between Hg blood levels and female 

reproductive hormones. 
18-44 

Mendiola et al. 

(2011), Spain 

[44] 

Case – 30 

Control - 31 
Pilot study 

Three infertility centers of the 

Instituto Bernabeu in Murcia and 

Alicante 

Interview face-to-face and lifestyle questionnaire. 

Relationship between Hg in three different body fluids and 

seminal and hormonal parameters. 

33.5 ± 3.8 

Pollack et al. 

(2011), USA 

[45] 

♀ - 252 Cohort University at Buffalo 
Association between Hg and female reproductive 

hormones. 
18-44 

Hanna et al. 

(2012), USA 

[46] 

♀ - 58 Pilot study 

University of California at San 

Francisco (UCSF) Center for 

Reproductive Health 

Association between Hg exposure and DNA methylation 

changes. 
28-44 

Louis et al. 

(2012), USA 

[47] 

♀ - 501 

♂ - 501 
Cohort Four Michigan counties. 

Person interviews about health and reproductive history 

and demographic data. 

♀ – 19-40 

♂ – 19-51 
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Associations between couples Hg exposure and adverse 

reproductive outcomes (incident pregnancy loss). 

Chevrier et al. 

(2013), France 

[48] 

♀ - 394 Cohort Routine prenatal care visits 

Questionnaire about family, social and demographic data 

and diet and lifestyle habits. 

Associations between Hg serum levels, seafood 

consumption and female fertility. 

25-35 

Mocevic et al. 

(2013), 

Greenland, 

Poland and 

Ukraine 

[49] 

♂ - 529 Cross-sectional 

Clinic of the Gynaecological and 

Obstetric Hospital of the Warsaw 

School of Medicine, Poland 

Three maternity hospitals and eight 

antenatal clinics, Ukraine 

4 settlements and 15 

municipalities, Greenland 

Relationship between blood concentrations of Hg and 

semen characteristics and serum levels of reproductive 

hormones. 

Greenland – 

31.0 

Poland – 30.4 

Ukraine – 26.8 

Zeng et al. 

(2013), China 

[50] 

♂ - 118 Cross-sectional 
Reproductive Center of Tongjing 

Hospital in Wuhan 

Questionnaire regarding demographic data, lifestyle habits, 

occupational exposure and medical characteristics. 

Association between urinary Hg concentrations and 

circulating testosterone in men. 

30.8 ± 5.6 

Kim et al. (2014), 

USA 

[51] 

♂ - 30 
Cross-

sectional* 

University of California at San 

Francisco 

Questionnaire about dietary and health data. 

Association between Hg levels in seminal plasma and 

semen quality and in vitro fertilization outcomes. 

32-45 

Tanrikut et al. 

(2014), Turkey 

[52] 

♀ Infertile (cases) - 33 

♀ Fertile (controls) - 32 

 

Case-control* 

Department of Obstetrics and 

Gynaecology, Inonu University, 

School of Medicine 

Questionnaire about demographic and socio-economic data. 

Relationship between endometrial concentrations of Hg and 

unexplained infertility. 

Infertile ♀ - 

29.00 ± 5.24 

Fertile ♀ - 

30.84 ± 5.06 

Lei et al. (2015), 

China 

[53] 

♀ Infertile - 310 

♀ Fertile - 57 

 

Preliminary 

study 

Department of Obstetrics and 

Gynecology in the Taiwan 

Adventist Hospital 

Interview face-to-face about sociodemographic data, 

lifestyle information and menstruation history.  

Relationship between blood-MeHg levels and women 

reproductive hormones. 

Infertile ♀- 

35.2 ± 3.9 

Fertile ♀ - 34.8 

± 4.1 

Lenters et al. 

(2015), 

Greenland, 

Poland and 

Ukraine 

[54] 

♂ - 602 Cross-sectional 

Central Hospital in Warsaw, 

Poland 

Three hospitals and eight antenatal 

clinics in Kharkiv, Ukraine 

Local hospitals in 19 

municipalities and settlements 

across Greenland. 

Identification of exposure profiles associated with 

biomarkers of male reproductive function.  

Greenland – 

31.0 

Poland – 30.4 

Ukraine – 26.8 
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Wright et al. 

(2015), USA 

[55] 

♀ - 205 
Prospective 

cohort 

Massachusetts General Hospital 

Fertility Center 

Questionnaires about demographic data, medical history, 

lifestyle factors and occupation. 

Associations between hair Hg levels and gamete, embryo 

and clinical outcomes. 

27-43 

Zeng et al. 

(2015), China 

[56] 

Study – 225 

Comparison - 169 
Cross-sectional 

Reproductive Center of Tongjing 

Hospital in Wuhan 

Association between urinary Hg concentrations and semen 

quality parameters. 
22-50 

Hsi et al. (2016), 

China 

[57] 

♀ Pregnant – 62 

♀ Infertile - 162 

Cross-

sectional* 
Northern and Central Taiwan 

Questionnaire regarding demographic, lifestyle and 

reproductive data. 

Correlation between hair MeHg concentrations and daily 

MeHg exposure among pregnant and infertile women. 

Pregnant 

women – 31.6 

± 4.9 

Infertile 

women – 34.4 

± 3.7 

Zhou et al. 

(2016), China 

[58] 

♂ - 207 Cross-sectional 
Reproductive Center of Tongjing 

Hospital in Wuhan 

Questionnaire about demographic data, lifestyle habits, 

occupational exposure and medical characteristics. 

Association between urinary Hg concentrations and sperm 

DNA damage. 

31.6 ± 5.3 

Buck Louis et al. 

(2017), USA 

[59] 

♀ - 344 

♂ - 344 
Cohort 16 counties in Michigan and Texas 

Person interview about anthropometric data and lifestyle. 

Relationship between environmentally Hg concentrations 

and incident pregnancy loss. 

♀ - 29.8 ± 3.9 

♂– 31.6 ± 4.6 

Mínguez-Alarcón 

et al. (2017), USA 

[60] 

♂ - 129 
Prospective 

cohort 

Massachusetts General Hospital 

Fertility Center 

Questionnaire about lifestyle factors, reproductive health 

and medical history. 

Association between hair Hg levels and semen parameters 

and fish intake. 

31.8-42.5 

N/D – not defined; ♀ - women; ♂ - men; ELSPAC - European Longitudinal Study of Pregnancy and Childhood; Hg – mercury; MeHg – methylmercury; DNA – deoxyribonucleic acid; 

USA – United States of America; IVF – in vitro fertilization; TTP – time to pregnancy. 

* The design of the study was not defined by authors. ACCEPTED M
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3. Results  

3.1. Selection of papers 

A total of 2486 unduplicated abstracts were found in PubMed. After titles and abstract 

examination, 54 papers were selected for perusal of the complete text and 2  more were 

added after manual search [38,39]. Finally, a total of 45 papers [16–60] were included in 

the review ( 

Figure 1).  

 

 

Figure 1 - Flow diagram showing study extraction and selection. Visualization of the literature search 

and the study selection process according to the PRISMA guidelines [15]. 

 

3.2. Characteristics of selected papers 

The general characteristics of the selected studies are summarized in Table 1. The 

majority of the studies were drawn from different continents including Europe (n=11) 
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[16–18,25,27,28,34,44,48,49,54], Asia (n=13) [22,26,29–32,36,50,52,53,56–58] and 

North America (n=17) [19,24,33,35,37–41,43,45–47,51,55,59,60]. The other four studies 

did not have information concerning the country [20,21,23,42]. The country with most 

studies was United States of America (USA) [19,24,35,37–40,43,45–47,51,55,59–61]. 

The majority of the studies included in this review were undertaken at different hospital 

departments [18,22,25,27,28,32,33,35,48,49,52–54,60], in vitro fertilization centers 

[26,29–31,36,40,41,46,50,55,56,58] or infertility clinics [37,39,44]. Some studies were 

undertaken at factories  associated with Hg exposure [16,17,19–21,23,24]. In terms of 

age, the patients included in the studies were very heterogeneous, ranging from 18-72 

years old.  

 

3.3. Male fertility 

Men are unavoidable exposed to Hg due to its ubiquity in nature and persistence in the 

environment. It has been suggested that Hg exposure can interfere with the male 

reproductive health. Higher blood and hair Hg concentrations were associated with male 

subfertility or infertility status [26,31]. Several studies assessed the relationship between 

male occupational and environmental Hg exposure and reproductive outcomes 

[17,19,20,47]. The risk of spontaneous abortion raised significantly with the increasing 

Hg concentrations (OR = 2.26; 95% CI = 0.99-5.23)  [19,20]. No significant associations 

were demonstrated between occupational and environmental Hg exposure and a 

decreased fertility or increased adverse reproductive outcomes, such as abnormalities or 

illnesses in the children of the exposed workers [17,19,20,47].  

Regarding the associations between male Hg exposure and in vitro fertilization outcomes, 

an inverse association between blood Hg in the male partner of infertile couples and 

embryo fragmentation was found [41]. Kim et al. [51] described positive associations 
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between seminal plasma Hg levels of infertile males and good embryo quality, 

implantation, pregnancy and live birth. These observations do not support the hypothesis 

that Hg exposure has an adverse impact on male fertility and can be explained by the fact 

that developing sperm are protected by the blood-testis-barrier (BTB). Indeed, Choy et 

al. [30] showed that blood Hg concentrations were significantly higher than in seminal 

plasma (41.4 ± 1.7 nmol/L versus 22.1 ± 2.0 nmol/L, respectively; p<0.05). 

 

3.3.1. Impact of Hg on semen parameters 

Semen quality, a predictor of male fertility, is declining worldwide [62]. Many factors 

have been proposed as causes for this decline, including lifestyle habits and pollutants 

exposure [4,5,63,64]. Thus, the relation between semen parameters and lifestyle habits or 

environmental pollutants exposure has become a topic of interest. Animal studies have 

shown that Hg exposure induces abnormalities in sperm morphology and motility [65,66]. 

However, human studies are few and contradictory. Eight of 11 studies that evaluated the 

effects of Hg exposure presented the results for semen quality parameters 

[22,29,34,37,44,49,56,60] (Table 2), while the others only presented the results of the 

statistical analysis between Hg concentrations in seminal fluid and semen parameters 

[25,30,51]. Most of participants were male partners of infertile couples attending fertility 

clinics [22,25,29,30,37,44,51,56,60]. The age range of the subjects was 18-67 years old.  

Most of the studies did not find significant correlations between Hg concentration in 

biological samples and semen parameters (sperm concentration, motility and 

morphology) [22,25,29,34,37,44,49,51,56]. Hanf et al. [25] recruited 80 men from a 

fertility clinic to correlate the Hg concentration in urine and ejaculate semen with the 

semen quality parameters. The author analyzed the semen samples according to WHO 

guidelines of 1999 [67] and calculated the numerical “fertility index” according to 

Matthies et al. [68]. Results showed that urinary Hg levels were within the normal values 
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for a non-exposed population. Moreover, the Hg concentration measured in semen was 

below the detection limit (5 µg/L) in several samples. No positive correlations could be 

established between subject urine or ejaculate Hg concentrations and the quality of their 

semen. 

In contrast, there were evidences that  all semen quality parameters were lower in subjects 

with high Hg levels and that infertile males with abnormal semen parameters had 

significantly higher blood Hg concentrations than fertile males [29–31]. Choy et al. [30] 

showed that seminal Hg concentrations were positively correlated with abnormal sperm 

morphology (r = 0.26, p = 0.02), as well as negatively correlated with normal sperm 

motility (r = -0.21; p = 0.03). However, no correlations were found between the 

percentage of motile sperm or sperm concentrations and Hg concentrations.  

Recently, contrary to previous studies and for the first time, Mínguez-Alarcón et al. [60] 

reported that hair Hg levels, among men with higher fish intake, were positively related 

with sperm concentration, total sperm count and progressive motility.  
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Table 2 - Semen parameters of subjects included in all studies and p-value or correlation coefficient (R) of semen parameters and concentration of Hg. 

First author (year),  

country 

Data are 

expressed as 
Semen volume (mL) 

Concentration 

(106/mL) 
Sperm count (millions) Motile sperm (%) 

Normal morphology 

(%) 

Chia et al. (1992),  

Singapore 

[22] 

Mean (± SD) and 

range 

 

Correlation 

coefficient (r) of 

semen parameters 

and concentration 

of Hg 

2.8 (± 1.0) 

0.8 – 4.8 

 

r = -0.20 

NS 

25.7 (± 31.1) 

1.5 – 113.0 

 

r = 0.30 

NS 

N/A 

30.5 (± 18.2) 

0.0 – 69.0 

 

r = 0.02 

NS 

22.0 (± 17.2) 

0.0 – 99.0 

 

r = -0.13 

NS 

Leung et al. (2001),  

China 

[29] 

Median 

(interquartile 

range) 

 

p-value for 

differences 

between the 2 

groups 

N/A 

Control  

65.7 (44.6 – 112.4) 

Cases 

46.1 (36.4 – 92.5) 

 

p = 0.25 

NS 

N/A 

Control 

49.0 (31.8 – 60.0) 

Cases 

45.4 (31.9 – 58.2) 

 

p = 0.60 

NS 

Control 

50.0 (35.0 – 60.0) 

Cases 

40.0 (35.0 – 55.0) 

 

p = 0.33 

NS 

Rignell-Hydbom et al. 

(2007),  

Sweden 

[34] 

Median (5-95% 

range) 

 

p-value for 

differences 

between the 

exposure groups 

Hg < 1.08 µg/L 

3.5 (0.9 – 5.9) 

Hg 1.08 – 1.86 µg/L 

3.0 (0.8 – 5.5) 

Hg 1.86 – 2.79 µg/L 

3.4 (1.2 – 6.2) 

Hg 2.79 – 4.40 µg/L 

3.1 (0.7 – 5.8) 

Hg > 4.40 µg/L 

3.3 (1.2 – 7.7) 

 

p = 0.6 

NS 

Hg < 1.08 µg/L 

42 (6 – 119) 

Hg 1.08 – 1.86 µg/L 

54 (4 – 200) 

Hg 1.86 – 2.79 µg/L 

48 (9 – 176) 

Hg 2.79 – 4.40 µg/L 

53 (17 – 207) 

Hg > 4.40 µg/L 

48 (16 – 110) 

 

p = 0.9 

NS 

Hg < 1.08 µg/L 

135 (14 - 590) 

Hg 1.08 – 1.86 µg/L 

170 (13 - 477) 

Hg 1.86 – 2.79 µg/L 

127 (15 - 732) 

Hg 2.79 – 4.40 µg/L 

159 (26 - 386) 

Hg > 4.40 µg/L 

134 (45 - 342) 

 

p = 1.0 

NS 

Hg < 1.08 µg/L 

62 (17 - 90) 

Hg 1.08 – 1.86 µg/L 

63 (21 - 86) 

Hg 1.86 – 2.79 µg/L 

54 (15 - 83) 

Hg 2.79 – 4.40 µg/L 

64 (14 - 87) 

Hg > 4.40 µg/L 

60 (12 - 84) 

 

p = 0.9 

NS 

N/A 

Meeker et al. (2008), USA 

[37] 

Adjusted OR 

(95% CI) 
 N/A 

Hg < 25th 

1 
N/A 

 Hg < 25th 

1 

Hg < 25th 

1 
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p-value for trend 

Hg 25th-50th 

0.52 (0.18 – 1.49) 

Hg 50th-75th 

0.47 (0.16 – 1.36) 

Hg > 75th 

0.36 (0.12 – 1.03) 

 

p = 0.06 

NS 

Hg 25th-50th 

0.44 (0.16 – 1.16) 

Hg 50th-75th 

0.74 (0.30 – 1.83) 

Hg > 75th 

0.35 (0.14 – 0.90) 

 

p = 0.07 

NS 

Hg 25th-50th 

0.48 (0.19 – 1.17) 

Hg 50th-75th 

0.69 (0.29 – 1.64) 

Hg > 75th 

0.43 (0.18 – 1.02) 

 

p = 0.1 

NS 

Mendiola et al. (2011),  

Spain 

[44] 

Mean (± SD) 

 

p-value for 

differences 

between the 2 

groups 

Control 

3.5 (± 1.4) 

Cases 

3.8 (± 1.2) 

 

p > 0.05 

NS 

Control 

39.5 (± 14.6) 

Cases 

3.3 (± 4.1) 

 

p > 0.05 

NS 

Control 

151 (± 71.9) 

Cases 

12.6 (± 9.1) 

 

p > 0.05 

NS 

Control 

52.2 (± 12.3) 

Cases 

27.4 (± 18.6) 

 

p > 0.05 

NS 

Control 

22.3 (± 4.5) 

Cases 

3.7 (± 1.5) 

 

p > 0.05 

NS 

Mocevic et al. (2013),  

Greenland, Poland and 

Ukraine 

[49] 

Mean 

 

p-value for 

differences 

between the 

exposure groups 

 

β (95% CI): 

association 

between Hg 

exposure and 

outcomes  

Hg 0.2 – 0.9 ng/mL 

3.7 

Hg 0.9 – 2.7 ng/mL 

3.9 

Hg 2.7 – 385.8 ng/mL 

3.5 

 

-0.018 (-0.052, 0.015) 

Hg 0.2 – 0.9 ng/mL 

84.6 

Hg 0.9 – 2.7 ng/mL 

75.6 

Hg 2.7 – 385.8 ng/mL 

70.8 

 

-0.022 (-0.081,0.038) 

Hg 0.2 – 0.9 ng/mL 

306 

Hg 0.9 – 2.7 ng/mL 

302 

Hg 2.7 – 385.8 ng/mL 

241 

 

-0.062 (-0.133, 0.009) 

Hg 0.2 – 0.9 ng/mL 

42.3 

Hg 0.9 – 2.7 ng/mL 

43.6 

Hg 2.7 – 385.8 ng/mL 

45.0 

 

0.027 (-0.021, 0.076) 

Hg 0.2 – 0.9 ng/mL 

7.5 

Hg 0.9 – 2.7 ng/mL 

6.8 

Hg 2.7 – 385.8 ng/mL 

6.7 

 

-0.013 (-0.052, 0.027) 

Zeng et al. (2015),  

China 

[56] 

Geometric mean 

(range) 
N/A 

51.67  

(4.38 – 264.39) 

146.29  

(8.20 – 1196.78) 

0.00  

(0.00 – 83.41) 

22.36  

(1.00 – 51.00) 

Mínguez-Alarcón et al. 

(2017),  

USA 

[60] 

Mean (95% CI) 

 

β (95% CI) 

 

Hg 0.03 – 0.37 ppm 

2.92 (2.37, 3.48) 

Hg 0.38 – 0.67 ppm 

2.41 (1.99, 2.84) 

Hg 0.03 – 0.37 ppm 

37.9 (27.6, 51.9) 

Hg 0.38 – 0.67 ppm 

48.0 (32.6, 70.9) 

Hg 0.03 – 0.37 ppm 

96.2 (72.5, 128) 

Hg 0.38 – 0.67 ppm  

99.3 (69.4, 142) 

Hg 0.03 – 0.37 ppm 

20.5 (17.0, 24.1) 

Hg 0.38 – 0.67 ppm 

26.9 (21.2, 32.6) 

Hg 0.03 – 0.37 ppm 

6.0 (4.8, 7.2) 

Hg 0.38 – 0.67 ppm  

6.5 (5.4, 7.6) 

ACCEPTED M
ANUSCRIP

T



* p-value < 0.05 

when compared 

that quartile with 

the lowest 

quartile of 

exposure 

Hg 0.70 – 1.25 ppm 

2.89 (2.48, 3.30) 

Hg 1.26 – 8.01 ppm 

2.94 (2.61, 3.27) 

 

0.01 (-0.19, 0.21) 

p = 0.92 

Hg 0.70 – 1.25 ppm 

43.6 (33.2,57.4) 

Hg 1.26 – 8.01 ppm 

60.9 (48.1, 77.2)* 

 

19.2 (9.2, 29.2) 

p = 0.0002 

Hg 0.70 – 1.25 ppm  

114 (85.8, 151) 

Hg 1.26 – 8.01 ppm  

167 (129, 217)* 

 

22.8 (9.3, 36.3) 

p = 0.001 

Hg 0.70 – 1.25 ppm 

22.6 (17.9, 27.4) 

Hg 1.26 – 8.01 ppm 

29.2 (24.8, 33.7)* 

 

3.4 (1.9, 4.9) 

p < 0.0001 

Hg 0.70 – 1.25 ppm  

5.7 (4.6, 6.8) 

Hg 1.26 – 8.01 ppm  

6.3 (5.0, 7.5) 

 

0.59 (-0.28, 1.47) 

p = 0.18 

N/A – not applicable; NS – no significant; CI – confidence interval; USA – United States of America 
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3.3.2. Effect of Hg exposure on sperm DNA 

Sperm deoxyribonucleic acid (DNA) damage can be considered a marker of sperm 

function that, together with the conventional semen analysis predicts male fertility [69]. 

Few human studies examined the association between Hg exposure and sperm DNA 

damage [34,58]. Rignell-Hydbom et al. [34] assessed if Hg exposure affected male 

reproductive function through sperm DNA integrity. For that, authors measured the sperm 

chromatin integrity and expressed the extend of DNA denaturation in terms of DNA 

fragmentation index (DFI). Moreover, authors evaluated the fraction of high DNA 

stainable (HDS) cells, which represents immature spermatozoa with incomplete 

chromatin condensation. No significant associations between Hg and DFI or HDS were 

found. However, authors found that DFI tends to increase with increasing Hg 

concentrations, suggesting a prejudicial effect of Hg on sperm chromatin integrity.   

Additionally, Zhou et al. [58] evaluated the effect of Hg exposure in sperm DNA damage 

among men recruited from a fertility clinic. Authors showed that urine Hg levels were 

associated with increasing trends for DNA tail length, suggesting that environmental Hg 

exposure may result in increased sperm DNA damage. Moreover, authors suggested that 

Hg-induced sperm DNA damage may be triggered by generation of reactive oxygen 

species (ROS) and alteration of the antioxidant defense system. However, this study has 

several limitations such as the fact that men were only recruited from a fertility clinic, not 

representing the general population and authors only collected a single urine sample from 

each subject to assess Hg levels which may not reflect the subject’s exposure.  

 

3.3.3. Effect of Hg exposure on male endocrine system 

The normal function of the negative feedback mechanism between the hypothalamus, the 

pituitary and the testis is required for normal testosterone synthesis and sperm production 
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[70]. The secretion of gonadotrophin-releasing hormone (GnRH) by the hypothalamus 

stimulates the synthesis of luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH) in the pituitary that, in turn, induces the testosterone production and 

spermatogenesis in testis. This increase, in turn, increases androgen-binding protein and 

sex hormone-binding globulin (SHBG) protein synthesis. When the levels of testosterone 

are adequate, a negative feedback mechanism is responsible for decreasing both 

hypothalamic GnRH secretion and LH and FSH release into the bloodstream. Animal and 

human evidence suggests that heavy metals exposure (e.g. Hg, lead, cadmium, etc.) may 

have adverse impact on male endocrine system and thus may play a role in the increasing 

fertility problems [31]. Thus, this section summarizes data concerning the relationship 

between Hg exposure and male endocrine hormones. Eight studies investigated the effect 

of Hg on male endocrine system [21,23,29,39,44,49,50,54].  

Approximately 60% of serum testosterone is associated with SHBG [71]. Subjects 

occupationally exposed to Hg showed a significant negative correlation between SHBG 

and years of Hg exposure (r = -0.440, p = 0.008) [21]. This suggests higher levels of 

bioavailable testosterone. In accordance with this, a study performed by Barregârd et al. 

[23] showed that serum total testosterone was positively correlated with cumulative Hg 

exposure (r = 0.49, p = 0.002). 

Authors found that inhibin B serum levels increased with increasing blood Hg 

concentrations and with Hg exposure [49,54]. Increasing levels of inhibin B was related 

with high Sertoli cells activity and was correlated with suppression of FSH secretion and 

higher sperm concentration and counts [70]. 

In occupationally exposed subjects, thyroid-stimulating hormone (TSH) showed a 

positive correlation (r = 0.397, p = 0.017) with blood Hg [21]. Contrary results were 
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obtained by Barregârd et al. [23] that described a negative correlation between serum 

TSH and cumulative exposure index (r = -0.36, p = 0.03).  

Prolactin is a hormone produced in the pituitary gland that helps the regulation of 

testosterone production. Elevated levels of prolactin have been associated with male 

infertility, once the hormone suppresses testosterone synthesis [74]. Subjects 

occupationally exposed to Hg showed a trend to a negative association between prolactin 

and years of Hg exposure [20]. By contrast, Barregârd et al. [22] showed slightly lower 

concentration of prolactin in exposed workers.  

There are few evidences that Hg exposure causes alterations in the male endocrine 

system. However, how Hg exert its effects is still unknown. In a number of studies the 

levels of hormones LH, FSH, SHBG, testosterone, free androgen index, inhibin B, 

estradiol and prolactin were not significantly related to Hg exposure 

[21,29,39,44,49,50,54]. These results may be explained by the small number of 

participants in those studies. Larger studies involving other populations would be 

desirable.  

 

3.4. Female fertility 

Some epidemiological and experimental studies examined the associations and the effects 

of  Hg exposure on female reproductive outcomes [16,18,24,27,28,31–33,35,36,38,40–

43,45,47,48,52,53,55,57]. Positive correlations between Hg concentrations in blood and 

hair and unexplained infertility (r = 0.48; p < 0.01) were found [31,57].  On contrary, Hg 

concentrations was not detected in the endometrial samples of infertile or fertile women 

[52]. Several studies suggested that women environmentally and occupationally exposed 

to Hg had reduced fecundability, higher prevalence and incidence rates of menstrual 

disorders and longer TTP [16,18,24,27,33,48]. Moreover, the prevalence of menstrual 
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disorders in Hg-exposed women was significantly associated with the number of years 

working in the dental professional area [18].  

Sikorski et al. [18] showed that adverse reproductive outcomes (e.g. spontaneous 

abortion, stillbirth and congenital malformation) in Hg exposed women were significantly 

associated with Hg levels determined in their scalp and pubic hair. Moreover, there are 

evidences that Hg levels were related with the higher risk of preterm birth among women 

with low to moderate exposure [35]. In contrast, some studies reported no associations 

between Hg concentrations and reduced fecundability, infertility and longer TTP 

[28,32,47,52,55].  

 

3.4.1. Impact of Hg concentrations on ovarian follicle numbers and IVF outcomes 

To assess the effect of Hg exposure on pregnancy and fertilization rate, Al-Saleh et al. 

[36] measured the levels of Hg in both blood and follicular fluid samples collected from 

women undergoing IVF treatment. Results showed a positive correlation between Hg 

levels in blood and in follicular fluid (r = 0.25, p = 0) and a negative correlation between 

blood Hg levels and the number of eggs (r = - 0.09, p = 0.03). Hg concentration in hair of 

women exposed to Hg was negatively correlated with the ovarian response to 

gonadotrophin stimulation after an IVF cycle, namely with the follicle count (β=0.19; 

p=0.19) and the number of oocytes (β=0.38, p<0.05) retrieved after ovarian stimulation  

[42]. 

However, some studies reported no correlations between Hg exposure in female subjects 

and embryo fragmentation, ovarian stimulation outcomes or fertilization rate, oocyte 

maturity, pregnancy loss or live birth rate [40,41,55]. 
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3.4.2. Endocrine system 

As previously described, there are several reports of the adverse effect of Hg on female 

fertility. However, how Hg adversely impacts female fertility remains unknown. Female 

reproduction is a process regulated by hormones and is susceptible to the effects of 

exposure to endocrine disrupting chemicals. Some studies reported that Hg may influence 

physiologic levels of female reproductive hormones [27,38,43,45,53]. Gerhard et al. [27] 

reported that women with thyroid dysfunction and polycystic ovary (PCO) syndrome 

showed a higher urine Hg excretion compared to controls without hormonal disorders. 

Moreover, elevated Hg excretion was associated with secondary infertility and luteal 

insufficiency or hyperandrogenemia [27]. Increasing Hg exposure was also associated 

with a decrease in LH, estradiol and progesterone levels [38,45]. Lei et al. [53] showed 

that prolactin levels were significantly lower in infertile women with higher Hg levels. 

These observations suggest that Hg may have a significant impact on female 

reproduction. However, no significant associations were found between Hg blood 

concentrations and FSH levels [43,53].  

 

3.4.3. DNA methylation changes  

Animal studies suggest that the toxic reproductive effects of Hg may be associated with 

epigenetic changes, namely, alterations in DNA methylation. To confirm this assumption, 

Hanna et al. [46] investigated the association of DNA methylation and Hg exposure, in 

women undergoing IVF treatment. In brief, authors evaluated the methylation at the CpG 

sites by the GSTM1_P266 Illumina probe that hybridized to the promoter regions of both 

the GMST1 and GMST5. A trend of increased methylation in the gene promoters of 

GMST1 and GMST5 in women with the higher Hg exposure level was found. Then, 

authors investigated the nature of this methylation change by exploiting a deletion 

polymorphism, which encompasses the GMST1 gene and found that the trend of increased 
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methylation with increased Hg exposure was limited to those women with a null GMST1 

genotype. The GSTM1 null allele has been associated with recurrent pregnancy loss in 

Japanese women and has been suggested to play a role on human reproduction [72]. 

Moreover, GSTM1 is a member of the GSTM gene family, which encodes for enzymes 

that are involved in the mediation of oxidative stress [73]. To our knowledge the influence 

of GSTM5 on human reproduction has not been studied, but possibly might play a role in 

reproductive outcomes due to the importance of ROS for human reproduction. 

 

4. Discussion 

Occupational and environmental pollutants exposure (e.g. Hg) may be one of the possible 

causes for the increase of adverse reproductive outcomes in modern societies [74,75]. 

According to this assumption, some authors explored the relationship between Hg 

concentrations and decreased human fertility. We performed a systematic review of 

studies focused on the evaluation of the effects of Hg exposure on human fertility and 

adverse reproductive outcomes (Figure 2). Papers showed that seafood consumption, 

alcohol and coffee intake, smoking habit and use of dental amalgam fillings are the main 

sources of Hg exposure and are positively associated with Hg levels in human samples in 

infertile subjects. Moreover, infertile subjects show higher levels of Hg than fertile ones, 

namely in the hair and blood [26,31,57].  
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Figure 2 – Reproductive outcomes associated to environmental and occupational Hg exposure. 

 

Eight papers studied the correlation between Hg levels in several male samples including 

semen [22,29,30,37,44,56,58,60]. Leung et al. [29] and Choy et al. [30] showed that 

semen quality parameters were significantly lower in subjects with higher levels of Hg in 

the body. Dickman et al. [26] revealed that infertile men had higher levels of Hg in the 

hair than fertile men. Additionally, Zhou et al. [58] detected that Hg exposure induced 

sperm DNA damage, a marker of sperm function and some authors showed that higher 

Hg concentrations were associated with longer TTP. A positive association between 

urinary Hg levels and sperm DNA damage was found. In general, these authors found 

that Hg exposure may decrease the quality of semen. However, contrary to previous 

studies, Mínguez-Alarcón et al. [60] observed that higher Hg levels were positively 

correlated with better semen quality parameters and do not support the hypothesis that 

Hg is harmful to men’s reproductive health. Those contrary results were only among men 

with high fish intake. Better semen quality was linked to higher intake of fish possibly 

due to the beneficial effects of ω-3 polyunsaturated fatty acids [69–72]. 
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Negative associations between Hg levels in female biological samples and quality of 

embryos, ovarian response to gonadotrophin, follicle count and the number of oocytes 

were also found, suggesting that Hg may influence negatively the IVF treatments. 

Furthermore, menstrual disorders and adverse reproductive outcomes, such as 

spontaneous abortions, malformations and stillbirth, were associated with higher levels 

of maternal Hg exposure. This allows to suggest that Hg is harmful to IVF treatment 

outcomes.  

Our review also showed that Hg influences the female and male endocrine system, which 

could lead to a decrease in ovarian and testicular function and impair human fertility. A 

decrease in LH, estradiol, progesterone and prolactin levels were found in females with 

higher Hg exposure. In men exposed to Hg, authors found a decrease in the levels of 

SHBG and prolactin and an increase in the levels of serum testosterone and inhibin B. 

These hormonal alterations may explain the increase in menstrual disorders and adverse 

reproductive outcomes and the decrease in fecundability and IVF success observed in 

women exposed to Hg. Moreover, the deregulation of male endocrine system may explain 

the decrease in the semen quality parameters. 

Although the potential adverse effect of Hg exposure showed by our review, several 

limitations may be pointed out. The large heterogeneity in the articles retrieved made it 

impossible to perform a meta-analysis across all studies. The second limitation is that 

many of the studies included relatively small sample sizes. Further, most publications 

included in this systematic review evaluated multiple parameters and biological samples, 

but not all studies evaluated the same parameters, making it difficult to draw strong 

conclusions. The last limitation was the lack of molecular studies to justify the adverse 

effects of Hg on human reproductive health. Thus, studies evaluating the effects of Hg at 
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the molecular level are needed as they may provide an insight on the molecular 

mechanism of Hg infertility-related. 

 

5. Conclusions 

In conclusion, the results yielded by our search showed that increased Hg levels were 

associated with infertility or subfertility status. In males, Hg exhibited adverse effects on 

semen quality parameters and induced sperm DNA damage. In females, Hg levels were 

associated with longer TTP and adverse reproductive outcomes such as spontaneous 

abortions and malformations and increased rates of menstrual disorders. A possible 

reason for this adverse effect of Hg on human reproductive health is the fact that Hg may 

be an endocrine disruptor leading to hormonal disorders which could lead to a decrease 

in ovarian and testicular function and impair human fertility. However, the molecular 

mechanisms underlying Hg effects on human fertility remain unknown. It is imperative 

further investigate the molecular effects of Hg exposure on the male and the female 

reproductive system.  
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