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Abstract 

The literature on effects on anogenital distance (AGD) and semen quality from exposure to endocrine 

disrupting chemicals (organochlorine compounds, phthalates, perfluorinated alkylated substances (PFAS) 

and bisphenol A (BPA)) will be reviewed and challenges discussed. Generally, AGD appears to be a 

promising, easily obtainable marker of male reproductive health. Maternal exposure to phthalates has 

been associated with shorter AGD in male offspring although not consistently, whereas too few studies on 

the effects of exposure to PFAS and BPA and AGD is found to draw firm conclusion. Meta-analyses suggest 

that adult phthalate exposure may affect semen quality, whereas the results for the effect of PFAS and BPA 

exposure on semen quality is contradictory. Interestingly, few studies suggest that maternal exposure to 

these chemicals may affect semen quality in the offspring. It is therefore important to conduct birth cohort 

studies focusing on the effect of exposures during vulnerable time windows. They should include biological 

material and focus on multiple exposures, have the necessary size and long-term follow-up with clinical 

examinations. 
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Introduction 

Male reproductive health may have been declining including increased incidence of testicular cancer, 

reduced semen quality and increased birth prevalence of hypospadias and cryptorchidism 
1
. The testicular 

dysgenesis syndrome (TDS) hypothesis suggests that these conditions are interlinked and signs of the same 

underlying unity funded in utero. Exposures to environmental chemicals affecting androgen action during 

this sensitive window of mascularization from week 8-14 of gestation are suspected to have a negative 

impact on male reproductive function by disrupting normal differentiation and development of the male 

reproductive system. Consequences of such disruptions compromising the development and function of 

the testicular Leydig and Sertoli cells
2
 (Figure 1, adapted from Juul et al.

3
) leading to cryptorchidism, 

hypospadias, testicular cancer, decreased testosterone production or impaired spermatogenesis. More 

recently, short anogenital distance (AGD) has been suggested to be part of the TDC syndrome (see later)
1
. 

However, in humans, studying the effects of exposures in utero on adult male reproductive function, 

including semen quality, is challenging due to the long interval between fetal exposure and adult 

reproductive function, which can only be assessed 20 years later.  

 

Endocrine disrupting chemicals (EDCs) 

World Health Organization (WHO) defines an endocrine disrupter as an exogenous substance or mixture 

that alters function(s) of the endocrine system and consequently causes adverse health effects in an intact 

organism, or its progeny or (sub)populations. EDCs can act at several biological levels, e.g. at hormone 

receptors as agonist or antagonists and at enzymatic processes necessary for normal hormone production. 

Many EDCs can mimic or interfere with the action or synthesis of natural reproductive hormones, such as 

testosterone, estrogen and insulin-like peptide 3 (INSL3) leading to hormonal imbalance and thereby may 

play a central role in the causation of disorders associated with declining male reproductive health. Many 

EDCs have shown adverse effects on the male reproductive system in animal experiments, including 

reduced AGD and semen quality. 
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EDCs are found in plasticizers, solvents and lubricants in consumer products such as children's 

toys, medical equipment, sunscreens, cosmetics, protective coatings of clothes, non-stick cookware and 

food packaging, and pesticide residues are found in food. The general population is therefore widely 

exposed. In this review, the literature on effects on AGD and semen quality from exposure to EDCs will be 

reviewed. The following EDCs will be reviewed based on evidence from animal and human studies as well 

as mechanisms of action; organochlorine compounds, phthalates, perfluorinated alkylated substances 

(PFAS) and bisphenol A (BPA). Emphasis will be put on exposures during vulnerable, sensitive window of 

development. 

 

Anogenital distance 

Anogenital distance (AGD; distance from anus to genitals) is routinely used in animal toxicology studies and 

is sensitive to anti-androgenic exposure. In rodents AGD has been shown to reflect the amount of androgen 

to which a male fetus is exposed in early development; higher in utero androgen exposure results in longer 

AGD. In male rodents, shortened AGD persists into adulthood 
4
 and predicts compromised reproductive 

function (reduced testis size) in the mature male 
5
. 

Interestingly, AGD has been measured in humans and may be a member of the symptom 

complex of diseases in male reproductive system; the testicular dysgenesis syndrome (TDS) 
2
(Figure 1). This 

is also in line with the theory that TDS symptoms result from a disturbance in the Sertoli cell and Leydig cell 

differentiation during fetal life, leading to impaired testosterone production and decreased virilization. 

There is indirect evidence for a link between TDS conditions and AGD; AGD is shorter in patients with 

infertility 
6
, poor semen quality 

7
, lower testosterone levels 

8
, cryptorchidism and hypospadias 

9
. This 

suggests that shortened AGD may be a member of the TDS 
1
. AGD can be measured in all boys and is 

therefore a more sensitive marker of genital development than the birth prevalence of cryptorchidism or 

hypospadias, which are found in less than 10% of newborns, thus requiring large study populations. 
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AGD can easily be measured by the use of a Vernier caliper; the shorter AGD measurement is 

measured from the center of anus to the posterior base of scrotum (AGDas) and the longer from the center 

of anus to the cephalad insertion of the penis (AGDap) (Figure 2).  

 

Organochlorine compound exposure and AGD 

I assume that all these chemicals and there use has been defined and discussed elsewhere? 

A smaller American study including 37 male offspring indicated reduced anogenital distance at higher p, p’-

DDE exposure 
10

. However, a larger study among 781 mother-child pairs in Chiapas, Mexico, of which 29% 

reported living in DDT-sprayed homes, indicated no association between p, p’-DDE exposure and anogenital 

distance or penile length, suggesting that even high exposure to p, p’-DDE does not seem to have a 

significant impact on these outcomes in humans 
11

. A smaller Mexican study with repeated AGD 

measurements found association between maternal PCBs and AGD in 74 boys, whereas no associations 

were found for prenatal DDT exposure 
12

. 

In a Spanish mother-child cohort POP levels were measured in pregnant women, and the AGDas 

was recorded in 43 offspring at 18 months and anogenital index was calculated as AGD divided by weight. 

Anogenital index was inversely associated with lipid-adjusted concentrations of PBDE-99 and PBDE-153 but 

not with PCB congeners 
13

. In a Danish mother-child cohort no consistent association between prenatal 

exposure to the pesticide metabolites 3-phenoxybenzoic acid (3-PBA), 3,5,6-trichloro-2-pyridinol (TCPY), 

2,4-Dichlorophenoxyacetic acid (2,4-D) and dialkyl phosphates(DAPs) and AGD was found 
14

. 

 

PFAS exposure and AGD 

To my knowledge only one human study has addressed the association between maternal exposure to 

PFASs and AGD in the offspring. PFAS exposure was associated with a decreased AGD in girls whereas no 

associations were reported in boys 
15

.  
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Phthalate exposure and AGD 

The first study to investigate AGD in humans was American and included 134 mother-son pairs. A 

significant association between maternal exposure to several phthalates measured in urine and reduced 

AGD in the male offspring 
16

 was reported, and a later publication found an inverse association between 

maternal urine DEHP (di-(2-ethylhexyl) phthalate) exposure and AGD and penile size 
17

. A recent review 
18

 

and meta-analysis included 10 studies 
19

 (Figure 3, adapted from Zarean et al.
19

) and in primary analyses, 

found that exposure to phthalates were not associated with AGDas. However, results of subgroup analyses 

indicated that PDEHP metabolites had significant association with the risk of shortened AGD. In addition, 

exposure to urinary mono-buthyl phthalate (MBP), mono-ethyl phthalate (MEP) and di-iso-buthyl phthalate 

(MiBP) were associated with AGDas.  

 

Bisphenol A exposure and AGD 

Many rodent studies have demonstrated that maternal BPA exposure decreased AGD in male offspring 
20

, 

however, few human studies have been undertaken. Many studies have been conducted in China where 

exposure levels are high. An occupational cohort study from China revealed that maternal exposure to BPA 

during pregnancy was associated with shortened AGD in male offspring 
21

. However, few women were 

occupationally exposed to high doses of BPA (n=18). In a longitudinal Chinese study with among 655 

mother-son pairs, mothers with detectable BPA in urine in gestational week 12-16 gave birth to boys with 

shorter AGDap at age 6 and 12 months of age 
22

. These findings were not replicated in a Chinese study 

among 137 boys, where no significant associations between maternal BPA and AGD was found, however, 

data were not shown and the measurement of AGD not specified 
23

. These findings are in accordance with 

findings from Canadian study among 198 boys, where no significant associations between maternal BPA 

exposure and AGD in offspring was reported 
24

. A study conducted in Cypress measured BPA in cord blood, 

which may be difficult to compare to urine measurements, which is the golden standard. No significant 
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correlations between cord blood BPA levels and AGD were found, however, a significant negative 

correlation was found between AGDas and cord blood BPA levels above the 90th percentile in 72 boys 
25

.  

 

Semen quality 

Semen quality is measured in concentration, volume, total sperm count (concentration x volume), 

morphology and motility. In addition, more sophisticated measures of DNA fragmentation, sperm apoptosis 

and sex-ratio ect. can be performed. Semen quality is an important marker for couple fecundity (ability to 

conceive) 
26

, and some studies have suggested that semen quality may be a marker for subsequent 

morbidity and mortality 
27,28

. A possible decline in semen quality has prompted discussion after a meta-

analysis in 1992 suggested a decline of 0.9 ml/ml per year during a 50-year period from 1940-90 
29

. 

Interestingly, a newly published meta-analysis including studies from 1973 to 2011 reported a similar yearly 

decline of 0.7 mill/ml 
30

. 

It is challenging to study semen quality, and many studies include men undergoing infertility 

treatment, as they are easier to recruit. Infertile men constitute very heterogeneous populations consisting 

of men with both impaired and normal fertility potential because infertility due to female factors. Other 

investigations therefore include young healthy men or donors, it is however difficult to obtain a 

participation rate above 30% in such studies, and the participants may be healthier or concerned about 

their fertility than non-participants. Many of the semen quality studies include few participants, and as 

both intra- and inter-individual variation in semen quality is large, this may explain the lack of associations 

found in these studies. Semen takes approximately 90 days to mature and therefore in cross-sectional 

studies (which constitute the majority) reverse causation is a possibility, as outcome may proceed exposure 

and. In addition, men with poor semen quality may have an unhealthier lifestyle in addition to the EDC 

exposure, which may also affect their reproduction. Therefore, and despite taking confounders into 

account in the data analysis, it is difficult to disentangle the adverse effect of one single exposure. The 
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literature in this field is large, and I have therefore included reviews and meta-analyses when available and 

focused on studies examining the effect of fetal exposure, as these are considered most relevant.  

 

Organochlorine compound exposure and semen quality 

An extensive number of epidemiological studies have addressed the possible effects of exposure to POPs 

on male reproductive health, but the results are conflicting (reviewed by 
31

). Overall, studies of exposure to 

PCBs during adulthood indicate some association between PCB and lower sperm motility and to some 

extent decreased sperm DNA chromatin integrity 
31

. However, two Faroese studies among high exposed 

young men and fertile men found no association with semen quality 
32,33

. 

In high exposed South African and Mexican populations an inverse association between p, p’-

DDE exposure and semen volume, total sperm count and computer-assisted sperm analysis motility were 

reported 
34,35

. However, the adverse effects of low exposure to p, p’-DDE on sperm motility have been 

contradictory 
31

. Some studied have suggested a positive association between p, p’-DDE exposure and 

sperm concentration, whereas several studies have suggested that p, p’-DDE is not related to sperm 

morphology or sperm DNA integrity 
31

.  

Most studies have been cross-sectional and investigated exposure during adulthood. Only a few 

studies have been able to evaluate whether intrauterine exposure to POPs has long�term consequences 

for male reproductive health with measurable effects on semen quality in adulthood. A Danish study 

included 176 male offspring from a Danish cohort of pregnant women, who participated in a study in 1988-

1989. Results suggested that in utero exposure to PCB and DDE was not statistically significantly associated 

with semen quality measures 
36

. Among 39 sons to mothers exposed to dioxin after the accident in Seveso, 

Italy in 1976 and 58 unexposed 
37

 average sperm counts were almost halved in the exposed group and the 

effect was most pronounced among breastfed men.  

 

Phthalate exposure and semen quality 
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Many human studies have been conducted among Chinese men. In 1040 Chinese men from an infertility 

clinic, MBP was associated with low sperm concentration and total sperm count 
38

. Higher exposure to 

MEHP increased percentage of abnormal heads. A subset of the men had phthalates measured in semen 

and higher levels and MEHP and mono-benzhyl phthalate (MBzP) reduced sperm motility parameters and 

semen volume (MBP, MEHP)
39

. In older Chinese men, higher urinary MEP was significantly associated with 

a decreased percentage of normal morphology 
40

. 

Two meta-analyses of the impact of phthalate exposure on semen quality have been performed 

18,41
). The first from 2015 included 14 studies and found that urinary MBP and MBzP were associated with 

reduced sperm concentration. MBP and MEHP were inversely associated with motility 
18

. No associations 

were observed between MEP and any semen parameters. A meta-analysis/review from 2017 
41

 included 15 

studies (Table 1). Many of the individual study results were not significant, which may be due to small 

sample size and large both inter- and intra-individual variation in semen quality. Overall, it concluded that 

the association between increased DBP exposure and decreased semen quality, specifically sperm 

concentration, was robust, whereas moderate evidence of an association between increased DEHP and 

decreased semen quality, particularly for sperm concentration was suggested. Given the consistency across 

studies for morphology, the relationship between the relationship between di-isononyl phthalate (DiNP) 

exposure and sperm parameters was considered moderate. The relationship between di-isobutyl phthalate 

benzyl-buthyl phthalate (DiBP) exposure and semen parameters was considered slight, whereas moderate 

evidence of an adverse effect of benzyl-buthyl phthalate (BBP) exposure specifically for motility was 

suggested 
41

 (Table 1).  

Two studies have assessed maternal phthalate exposure and subsequent semen quality in her 

son 
42,43

. These are of special interest, as this is the relevant exposure window. DiNP metabolites in 

maternal serum from 12 weeks of pregnancy were analysed, and semen quality assessed among 112 

adolescent Swedish sons. Higher prenatal exposure to DEHP and DiNP was associated with lover testicular 

size and semen volume, whereas no association to semen concentration was found. Among 185 young 
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Australian men maternal serum phthalate metabolite concentrations of mono-isononyl phthalate (MiNP), 

DEHP and DiNP metabolites were negatively correlated with testis volume. It is difficult to draw conclusions 

from these 2 studies, as phthalates were measured in serum as opposed to the golden standard urine, but 

they suggest that prenatal exposure to DEHP and DiNP may affect testis development and thereby adult 

testis size.  

 

PFAS exposure and semen quality 

In a review 
44

 9 studies were identified investigating the association between PFAS exposure and semen 

characteristics. The findings for semen volume, sperm concentration and total sperm count were 

inconsistent. Two studies found serum levels of PFASs to be associated with sperm morphology 
45,46

. 

However, in an American study PFAS levels were not consistently associated with overall sperm 

morphology 
47,48

 but with makers of immature sperms with tail deficiencies. A few studies reported on the 

possible associations between PFAS exposure and sperm DNA integrity and apoptotic markers and no strict 

conclusions can be drawn from these studies 
44

.  

Among 169 young Danish men, whose pregnant mothers were recruited in 1988-89, prenatal 

perfluorooctanoic acid (PFOA) exposure was associated with lower adjusted sperm concentration and total 

sperm count, whereas no associations were found for perfluoroctanyl sulfonate (PFOS) exposure 
49

. This 

finding is interesting, as these men were unselected and exposure in utero may be relevant due to the long 

half-lives of PFAS.  

 

Bisphenol A exposure and semen quality 

In a review from 2016, 5 studies were identified 
50

. Li and colleagues explored the association of urinary 

BPA concentrations on semen parameters among 218 factory workers from four regions in China 
51

. They 

found a negative association between urinary BPA concentration and sperm concentration, total sperm 

count, sperm vitality and sperm motility. However, results only remained significant for sperm 
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concentration for non-occupationally exposed men 
51

. In a cross-sectional Danish study among young men 

from the general population, urinary BPA was inversely associated with progressive sperm motility 
52

. One 

study among infertile men found that urinary BPA concentration was negatively associated with sperm 

concentration, normal morphology and sperm DNA damage and lower percentage progressively motile 

sperm, whereas two other studies of fertile men or men trying to conceive found no association between 

urinary BPA and semen quality 
50

. No studies have to my knowledge examined the effect of prenatal BPA 

exposure on semen quality.  

 

Conclusion and challenges 

Most studies on the association between EDC and male reproductive health have been observational, as 

interventions or randomization is not possible. Thus, only associations can be studies and conclusions 

regarding causation cannot be drawn. In addition, we are all exposed to these chemicals and it is difficult to 

identify an unexposed group. Also, large spatial and time variation in exposure levels occurs, and it is not 

within the limits of this review to address these variations. Mixed exposure to various chemicals is also a 

considerable challenge in terms of delineating the possible health effects of chemical exposure. Humans 

are exposed to a complex mixture of EDCs, and when looking into the effect of one chemical, it may be 

another correlating co-exposure that actually does the harm, or the mixture of a number of chemicals, the 

so-called cocktail effect.  

Generally, AGD appears to be a promising, easily obtainable marker of male reproductive 

health. Maternal exposure to phthalates has been associated with shorter AGD in male offspring although 

not consistently, whereas too few studies on the effects of exposure to PFAS and BPA and AGD is found to 

draw firm conclusion. Meta-analyses and reviews suggest that adult phthalate exposure may affect semen 

quality, whereas the results for the effect of PFAS and BPA exposure on semen quality is contradictory. 

Interestingly, few studies suggest that maternal exposure to these chemicals may affect semen quality in 

the offspring. It is therefore important to conduct birth cohort studies focusing on the effect of exposures 
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during vulnerable time windows during development e.g. in utero, during early childhood and puberty. 

They should include biological material and focus on multiple exposures, have the necessary size and long-

term follow-up with clinical examinations. 
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Figure 1. Testicular dysgenesis syndrome (adapted from Juul et al.
3
). Adverse environmental exposures, 

genetic aberrations, lifestyle factors and intrauterine growth disorders can all result in testicular 

dysgenesis. Testicular dysgenesis in early fetal life influences Leydig cells, Sertoli cells and the niche 

supporting fetal germ cells. This influence can result in intermediate phenotypes (pink boxes), some of 

which can have late symptoms and consequences (green boxes). Abbreviations: AGD, anogenital distance; 

CIS, carcinoma in situ; INSL3, insulin�like 3. 
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Figure 2.  Measurement of AGD. 
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Figure 3. Forest plot of the association between exposure to phthalates and shortened anogenital distance 

(adapted from Zarean et al.
19

). 
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Table 1. Association between exposure to different phthalate metabolites (∑DEHP, MEOHP, MEHP, MCiOP, 

MINP, DBP) and semen parameter (adapted from Radke et al
41

).  

+ Phthalate metabolites associated with reduced semen parameter. Results either significant or effect large or trend across 

phthalate exposure found.  

(+) Supportive of association.  

– No association. 

 

DBP dibutyl phthalate 

DEHP di(2-ethylhexyl)phthalate;DIDP,diiso- decyl phthalate 

DINP diisononylphthalate 

MBP monobutylphthalate 

MEHP mono(2-ethylhexyl)phtha- late; MEHHP,mono[2-ethyl-5-hydroxyhexyl]phthalate 

MEOHP mono[2-ethyl-5- oxohexyl]phthalate 

MCiOP (mono(carboxy-isooctyl) phthalate) 
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Study Sperm concentration Motility (% normal) Morphology (% normal) 

∑∑∑∑DEHP 

Huang et al. 2011 (+) + - 

Thurston et al. 2016 - - - 

Wirth et al. 2016 + - - 

Herr et al. 2009 + - - 

MEOHP 

Bloom el al. 2008 +  + 

Wang et al. 2015a - - - 

Huang et al. 2013 - - - 

Den Hong et al. 2015 - - - 

Specht et al. 2014 (+) - - 

Wang et al. 2015b - - - 

Pan et al. 2016 + - + 

Axelsson et al. 2015a - + - 

Wang et al. 2015b - -  

Liu et al. 2012 - -  

Hauser et al. 2006 (+) - - 

MEHP 

Jurewicz et al. 2013 - + - 

Huang et al. 2013 - + - 

Han et al. 2014 - - - 

MCiOP 

Specht et al. 2014 -   

Pan et al. 2015-16 + + + 

Axelsson et al. 2015a - + + 

MINP 

Jurewicz et al. 2013 - + - 

Specht et al. 2014 +   

DBP 

Wang et al. 2015b - (+) (+) 

Bloom et al. 2015 (+) + + 

Thurston et al. 2016 - (+) - 

Jurewicz et al. 2013 (+) + + 

Den Hond et al. 2015 - - - 

Wang et al. 2015b + - - 

Pan et al. 2015-16 + + + 

Axelsson et al. 2015a - + - 

Jonsson et al. 2005 + - - 

Wang et al. 2015b + - - 

Hauser et al. 2006 + + - 

Han et al. 2014 + - + 

Wirth et al. 2008 - - + 

Liu et al. 2012 + - - 

DIBP 

Thurston et al. 2016 - - - 

Bloom et al. 2015 - + + 

Den Hond et al. 2015 - - - 

Pan et al. 2015-16 + + + 

 


