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The Annex XV report proposing the identification of Bisphenol A (BPA) as a substance of very 

high concern (SVHC) for its endocrine properties prepared by ANSES is well evidenced, logical 

and sufficiently robust from a scientific point of view. In accordance with Article 57(f) of 

Regulation (EC) 1907/2006 (REACH), the report gathers scientific evidence of probable serious 

effects to human health which gives rise to an equivalent level of concern (ELoC) to those of 

CMR PBT or vPvB, i.e. “so serious and [that] cannot normally be reversed so that such effects 

have to be prevented rather than remedied”.1  

 

In support of the identification of BPA as SVHC for its endocrine disrupting properties, we 

provide: 

 Additional evidence showing probable serious effects of BPA which give rise to ELoC; 

 Comment on plausible link between the mode of action and the serious effect; 

 Comment on the notion of “secondary toxicity”. 

 

1) Additional evidence of probable serious effects giving rise to ELoC 

The scientific evidence provided below reveals additional probable serious effects of BPA on 
human health within the meaning of Article 57(f) of REACH, which reinforce the evidence 
gathered in the report. 

It also shows that these effects give rise to an ELoC to those of CMR, PBT or vPvB, in particular 
because of their irreversibility, the consequences of those effects for society and impact of those 
effects on the lives of persons affected. It confirms, in addition, the difficulty of adequately 
assessing the risk due for example to the delayed effects of BPA. 

 

Crosstalk between sex steroid hormones and thyroid hormones 

 

The report itself clarifies2 that its focus on the estrogenicity of BPA as an endocrine mode of 

action should not preclude the consideration of other (endocrine) mechanisms. There is also no 

reason to limit the assessment to the binding affinity of BPA to estrogen receptors (ERs). We 

therefore provide additional evidence of an endocrine mode of action beyond the estrogenicity. 

 

An important mode of action that has not been considered in this report is the disruption of the 

Hypothalamus-Pituitary-Thyroid (HPT) axis. Thyroid hormones (THs) are involved in at least 

three of the adverse effects considered, namely reproductive function, neurodevelopment and 

metabolism. Indeed, THs are known to regulate sex steroid synthesis and action in both the 

brain and gonads. The crosstalk between these two endocrine axes was recently reviewed by 

Duarte-Guterman et al (2014).  

                                                
1
 Judgement of the Court of Justice in Case C-323/15P, EU:C:2017:207, para. 37. 

2
 Report, p. 160  
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BPA is known to be able to disrupt several important processes along the HPT axis (Wu et al 

2016; Zoeller et al 2005). Additionally, some cross-sectional studies in humans have detected 

associations between exposure to BPA and THs (e.g. Sriphrapradang et al 2013; Wang et al 

2013) in adults. More recently, two case-control studies have found associations between BPA 

exposure and incidence of thyroid nodular disease in adult women (Andrianou et al. 2016), or 

thyroid volume and structure in school children (Wang et al. 2015). Notwithstanding the 

limitations of such study designs, there is more crucially evidence of an effect of BPA exposure 

on maternal hypothyroidism in both humans (Chevrier et al 2013) and pregnant ewes, an animal 

model very relevant to humans due to its long pregnancy (Viguié et al 2013). The relationship 

between maternal hypothyroidism during pregnancy and subsequent suppressed psychomotor 

development and lower IQs in their children is established. 

 

Therefore, disruption of TH action by BPA can contribute to adverse effects on neurobehaviour 

(e.g. Somogyi et al. 2016) and fat metabolism (Ahmed 2016).  

 

 

Neurobehaviour 

 

Several epidemiological studies investigating the association between prenatal BPA exposure 

and neurobehavioural effects in children were not considered in this report (Braun et al 2009; 

Braun et al 2011; Evans et al 2014; Harley et al 2013; Miodovnik et al 2011; Roen et al 2015). 

All but one of these studies, that measured urinary BPA metabolites during the third trimester of 

pregnancy, detect positive associations between prenatal BPA exposure and behavioural effects 

in children. Moreover, an experimental study in mice found that effects could be observed in the 

third, and therefore never exposed, generation (Wolstenholme et al 2013). The 

transgenerational nature of BPA action on behaviour further emphasizes the irreversibility of 

such effects. 

 

Autism Spectrum Disorders 

Autism is a spectrum of disorders that comprise a group of lifelong conditions characterised by 

impaired social interaction and communication, with stereotyped and repetitive behaviours, and 

some level of intellectual impairment in around 75% of cases. It is of great societal concern due 

to a recent dramatic increase in diagnoses considered by some as an epidemic. Recent 

epidemiological studies suggest an association between autism spectrum disorder and BPA 

exposure (Arbuckle et al 2016; Kardas et al 2016; Kondolot et al 2016; Stein et al 2015), and as 

such this endpoint should also be considered. 

 

Neurodegenerative diseases 

Another area of emerging concern that ought to be mentioned are the potential effects of BPA 

exposure in neurodegenerative diseases such as Parkinson’s disease, Alzheimer’s disease or 

dementia. This is crucially socially relevant in the ageing European population. Although this is 

currently understudied, there are indications that BPA exposure has an effect on 

neurodegenerative processes both through an estrogenic pathways or disruption of TH action 

(Preciados et al 2016; Jiang et al 2016; Boxian et al 2014). 
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Cardiovascular diseases 

 

Cardiovascular disease is a major contributor to mortality and morbidity worldwide. The 

epidemiological, experimental and mechanistic evidence for effects of BPA exposure on 

cardiovascular were recently reviewed by Gao et al (2014) who suggested that the underlying 

molecular mechanisms may involve estrogen receptor rapid signalling.  

 

Several epidemiological studies indicate that BPA exposure in adult populations is associated 

with increased risk for CV diseases, including coronary artery heart disease, angina, heart 

attack, hypertension, and peripheral artery disease (e.g. Bae et al 2015; Lang et al 2008; Melzer 

et al 2010; Melzer et al 2012a; Melzer et al 2012b; Shankar et al 2012; Romano et al 2015).  

More recently, a study detected an association between prenatal BPA exposure and higher 

diastolic blood pressure in children (Bae et al 2017) suggesting that BPA may also have delayed 

developmental effects on cardiovascular health.  

 

Experimental studies suggest BPA exposure could affect the physiological functioning of CV 

system (Gao et al 2014). Of note, maternal BPA exposure has been found to affect the fetal 

heart transcriptome in non-human primates (Chapalamadugu et al 2014). There is also evidence 

in the zebrafish, an animal model considered relevant to humans in the clinical setting, that 

effects on cardiovascular function may be transgenerational (Lombo et al 2015).  

 

Metabolism/fetal exposure  

 

Studies in the sheep (Corbel et al 2015) and non-human primates (VandeVoort et al 2016) 

indicate that rapid maternal metabolism of BPA does not alleviate exposure to the developing 

fetus. This evidence on potential fetal exposure increases further the level of concern. 

 

 

References 

 

Ahmed RG (2016) Maternal bisphenol A alters fetal endocrine system: Thyroid adipokine dysfunction. 

Food And Chemical Toxicology 95: 168-174. 

 

Andrianou XD, Gangler S, Piciu A et al (2016) Human Exposures to Bisphenol A, Bisphenol F and 

Chlorinated Bisphenol A Derivatives and Thyroid Function. PLOS ONE   11(10): e0155237. 

 

Arbuckle TE, Davis K, Boylan K et al (2016) Bisphenol A, phthalates and lead and learning and behavioral 

problems in Canadian children 6–11 years of age: CHMS 2007–2009. Neurotoxicology 54:89–98. 

 

Bae S, Hong Y-C (2015) Exposure to Bisphenol A From Drinking Canned Beverages Increases Blood 

Pressure Randomized Crossover Trial. Hypertension 65(2): 313-319 

 

Bae SY, Lim YH, Lee YA et al (2017) Maternal Urinary Bisphenol A Concentration During Midterm 

Pregnancy and Children's Blood Pressure at Age 4. Hypertension 69(2):367-374. 



Comments on Annex XV SVHC report: identification of Bisphenol A as SVHC 
due to endocrine disrupting properties (Article 57(f) - human health)  

24 April 2017 

 

 

 

 

5 

 

 

Boxian H, Chunyan J, Jian L et al (2014) Maternal exposure to bisphenol A may increase the risks of 

Parkinson's disease through down-regulation of fetal IGF-1 expression. Medical Hypotheses 82(3):245-

249. 

 

Braun JM, Kalkbrenner AE, Calafat AM et al (2011) Impact of early-life bisphenol A exposure on behavior 

and executive function in children. Pediatrics 2011, 128, 873–882. 

 

Braun JM, Yolton K, Dietrich KN, Hornung R et al. (2009) Prenatal bisphenol A exposure and early 

childhood behavior. Environ. Health Perspect. 117:1945–1952. 

 

Chapalamadugu KC, VandeVoort CA, Settles ML et al (2014) Maternal Bisphenol A Exposure Impacts the 

Fetal Heart Transcriptome. PLoS ONE 9(2): e89096 

 

Chevrier J, Gunier RB, Bradman A et al (2013) Maternal Urinary Bisphenol A during Pregnancy and 

Maternal and Neonatal Thyroid Function in the CHAMACOS Study. Environmental Health Perspectives 

121(1):138-144. 

 

Corbel T, Perdu E, Gayrard V et al (2015) Conjugation and Deconjugation Reactions within the 

Fetoplacental Compartment in a Sheep Model: A Key Factor Determining Bisphenol A Fetal Exposure. 

Drug Metabolism and Disposition 43(4): 467-476. 

 

Duarte-Guterman P, Navarro-Martín L, Trudeau VL (2014) Mechanisms of crosstalk between endocrine 

systems: regulation of sex steroid hormone synthesis and action by thyroid hormones. General and 

Comparative Endocrinology 203:69-85. 

 

Evans SF, Kobrosly RW, Barrett ES et al (2014) Prenatal bisphenol A exposure and maternally reported 

behavior in boys and girls. Neurotoxicology 45:91-99. 

 

Harley KG, Gunier RB, Kogut K et al (2013) Prenatal and early childhood bisphenol A concentrations and 

behavior in school-aged children. Environ. Res. 126:43–50. 

 

Jiang W, Cao L, Wang F et al (2016) Accelerated reduction of serum thyroxine and hippocampal histone 

acetylation links to exacerbation of spatial memory impairment in aged CD-1 mice pubertally exposed to 

bisphenol-A. AGE 38(5-6): 405-418. 

 

Kardas F, Bayram AK, Demirci E et al (2016) Increased Serum Phthalates (MEHP, DEHP) and Bisphenol 

A Concentrations in Children With Autism Spectrum Disorder: The Role of Endocrine Disruptors in Autism 

Etiopathogenesis. Journal of Child Neurology 31(5):629-635. 

 

Kondolot M, Ozmert EN, Ascı A et al (2016) Plasma phthalate and bisphenol a levels and oxidant-

antioxidant status in autistic children. Environ. Toxicol. Pharmacol. 43:149–158. 

 

Lang IA, Galloway TS, Scarlett A, et al (2008) Association of urinary bisphenol A concentration with 

medical disorders and laboratory abnormalities in adults. JAMA. 300(11):1303-1310. 



Comments on Annex XV SVHC report: identification of Bisphenol A as SVHC 
due to endocrine disrupting properties (Article 57(f) - human health)  

24 April 2017 

 

 

 

 

6 

 

 

Lombo M, Fernandez-Díez C, Gonzalez-Rojo S et al (2015) Transgenerational inheritance of heart 

disorders caused by paternal bisphenol A exposure. Environmental Pollution 206:667–678. 

 

Melzer D, Rice NE, Lewis C, et al (2010) Association of urinary bisphenol A concentration with heart 

disease: evidence from NHANES 2003/06. PLoS ONE 5(1):e8673. 

 

Melzer D, Gates P, Osborne NJ, et al. (2012a) Urinary bisphenol a concentration and angiography-

defined coronary artery stenosis. PLoS ONE 7(8):e43378. 

 

Melzer D, Osborne NJ, Henley WE, et al. (2012b) Urinary bisphenol A concentration and risk of future 

coronary artery disease in apparently healthy men and women. Circulation 125(12): 1482-1490. 

 

Miodovnik A, Engel SM, Zhu C et al (2011) Endocrine disruptors and childhood social impairment. 

Neurotoxicology 32:261–267. 

 

Preciados M, Yoo C and Roy D (2016) Estrogenic Endocrine Disrupting Chemicals Influencing NRF1 

Regulated Gene Networks in the Development of Complex Human Brain Diseases. Int. J. Mol. Sci. 17: 

2086, 62pp. 

 

Roen EL, Wang Y, Calafat AM et al (2015) Bisphenol A exposure and behavioral problems among inner 

city children at 7–9 years of age. Environ. Res. 142:739–745. 

Romano ME, Webster GM, Vuong AM et al (2015) Gestational urinary bisphenol A and maternal and 

newborn thyroid hormone concentrations: The HOME Study. Environmental Research 138:453-460. 

 

Shankar A, Teppala S, Sabanayagam C. (2012) Bisphenol A and peripheral arterial disease: results from 

the NHANES. Environ Health Perspect. 120(9):1297-1300. 

 

Sriphrapradang C, Chailurkit L, Aekplakorn W et al (2013) Association between bisphenol A and abnormal 

free thyroxine level in men. Endocrine 44(2): 441-447. 

 

Stein TP, Schluter MD, Steer RA et al (2015) Bisphenol A Exposure in Children With Autism Spectrum 

Disorders. Autism Research 8(3): 272-283. 

 

Somogyi V, Horvath TL, Toth I et al (2016) bisphenol a influences oestrogen- and thyroid hormone-

regulated thyroid hormone receptor expression in rat cerebellar cell culture. Acta Veterinaria Hungarica 

64(4):497–513. 

 

VandeVoort CA, Gerona RR, vom Saal FS et al (2016) Maternal and Fetal Pharmacokinetics of Oral 

Radiolabeled and Authentic Bisphenol A in the Rhesus Monkey PLOS One 11(12):  e0165410 

 

Viguié C, Collet SH, Gayrard V et al (2013) Maternal and Fetal Exposure to Bisphenol A Is Associated 

with Alterations of Thyroid Function in Pregnant Ewes and Their Newborn Lambs. Endocrinology   154(1): 

521-528. 

 



Comments on Annex XV SVHC report: identification of Bisphenol A as SVHC 
due to endocrine disrupting properties (Article 57(f) - human health)  

24 April 2017 

 

 

 

 

7 

 

Wang N, Zhou Y, Fu C et al (2015) Influence of Bisphenol A on Thyroid Volume and Structure 

Independent of Iodine in School Children. PLOS ONE 10(10): e0141248 

 

Wang T, Lu J, Xu M et al (2013) Urinary Bisphenol A Concentration and Thyroid Function in Chinese 

Adults. Epidemiology 24(2): 295-302. 

 

Wu Y, Beland FA, Fang J-L (2016) Effect of triclosan, triclocarban, 2,2 ',4 ',-tetrabromodiphenyl ether, and 

bisphenol A on the iodide uptake, thyroid peroxidase activity, and expression of genes involved in thyroid 

hormone synthesis. Toxicology in Vitro 32:310-319. 

 

Zoeller RT, Bansal R, Parris C (2005) Bisphenol-A, an environmental contaminant that acts as a thyroid 

hormone receptor antagonist in vitro, increases serum thyroxine, and alters RC3/neurogranin expression 

in the developing rat brain. Endocrinology 146(2): 607-612. 

 

 

2) Comment on plausible link between the mode of action and the serious effect 

The report includes sections dedicated to the evidence of a plausible link between an estrogenic 
mode of action and each adverse effect considered. These typically start with a statement on 
whether such link has been observed experimentally in the same study. Observing both 
mechanism and effect in the same study, however, should not be considered a requirement for 
identification as a SVHC for endocrine disrupting properties as it would be far too high a burden 
of proof. As mentioned in the report, a link may not be observed in one and the same study due 
to the latency between exposure and effect, or because of experimental practicalities. This does 
not call into question the plausibility of the link.   
 
This notion of 'plausible link' should rather be defined following the approach of Bradford Hill 
(1965): 
 

“It will be helpful if the causation we suspect is biologically plausible. But this is a feature I 
am convinced we cannot demand. What is biologically plausible depends upon the 
biological knowledge of the day. […] In short, the association we observe may be one 
new to science or medicine and we must not dismiss it too light-heartedly as just too odd. 
As Sherlock Holmes advised Dr. Watson, ‘when you have eliminated the impossible, 
whatever remains, however improbable, must be the truth.’” (emphasis added) 

 
In light of this, assessing the plausible link should be done by considering the body of evidence 
within the context of the current state-of-knowledge, as opposed to looking at whether the body 
of evidence itself internally demonstrates a plausible link. In that regard, the report (background 
information and human relevance) contains sufficient information showing a plausible link 
between the endocrine mode of action and the serious adverse effects.  
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3) Comment on the notion of “secondary toxicity” 

In the context of endocrine disruption, the term ‘secondary toxicity’ was probably first used in the 

WHO/IPCS 2002 State-of-the Art report (IPCS, 2002) when describing criteria for attribution to 

an endocrine mode of action. It was introduced as follows: 

 

“Dose–response observations that indicate the perturbance of the endocrine system is a 

critical response of the organism, and not the secondary result of general systemic 

toxicity” (emphasis added) 

 

Kortenkamp et al (2012) noted that the WHO/IPCS definition leaves the interpretation of which 

modes-of-action should be considered to “alter the function of the endocrine system” 

relatively open. The concept of endocrine disruption first developed when it was observed that 

some environmental chemicals were able to mimic the action of the sex hormones oestrogens 

and androgens. This notion has now evolved to encompass a range of mechanisms 

incorporating the many hormones secreted directly into the blood circulatory system by the 

glands of the endocrine system and their specific receptors, transport proteins and associated 

enzymes. The definition does not explicitly address the issue of indirect endocrine toxicity, or 

when an effect on endocrine function is observed secondarily to overt toxicity in other organs or 

systems. This is related to what is referred to as “specificity” or sometimes also “lead toxicity”, 

to describe the requirement for endocrine disruption to occur at lower doses than other 

mechanisms of toxicity. 

 

As such, 'secondary toxicity' refers to overt systemic toxicity resulting from toxic effects to other 

organs that are eventually reflected in changes in hormone levels. Subtle changes such as 

meiotic alterations and (epi)genetic changes that disrupt the programming and ultimately the 

functioning of the endocrine communication system should therefore not be described as 

‘secondary toxicity’ but rather as a endocrine disrupting  mechanism (as stated on page 43 of 

the report).  
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