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THE THYROID UNDER THREAT IN A WORLD OF PLASTICS 
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Evgenidion Hospital, Unit of Endocrinology, Metabolism and Diabetes, Thyroid Section, University of Athens, Greece 

Abstract. Among the various categories of thyroid disruptors, plasticizers, particularly phthalates and bisphenol A and 

substitutes, are most frequently examined due to their very extensive use and extreme durability. Both experimental and 

clinical studies have shown the deleterious effects of plasticizers on, among other major organ systems, thyroid 

physiology and thyroid hormone metabolism. Though the mechanism(s) are not as yet well clarified, it is hypothesized 

that plasticizers exert a suppressive effect on thyroid function and disrupt thyroid signaling. Similar effects have been 

reported in wildlife, which is also increasingly exposed to the plastic contamination of both solid and aqueous 

environments. By presenting the results of several recently published large studies linking plastics to thyroid dysfunction, 

this review aims to sound the alarm and thus call to action all academic organizations in order to counteract a threat 

which imperils not only the thyroid and the reproductive system but also the entirety of life on our planet. 
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Introduction

 

Contemporary technological progress has, over the past 

century, introduced as many as 85,000 new chemicals, 

without, however, the existence of adequate elimination 

systems to cope with this onslaught [1]. Thus, with regard 

to the impact on the human organism, multiple toxins are 

now entering the body through the air and water, but also 

via such products as food, makeup and plastic items, incur-

ring an estimated $359 billion a year in healthcare costs. 

The presentday overwhelming accumulation in our envi-

ronments of toxic disruptors of endocrine systems (endo-

crine disruptors or EDs), particularly of the thyroid (and, 

by extension, of reproductive function), has impelled thy-

roidologists to identify and categorize a wide array of tox-

ins affecting thyroid function for the purpose of pressing 

for remedial action [2,3]. Toxic interference of thyroid 

function can occur at several levels, including iodine 

uptake, thyroid hormone (TH) production and TH me-

tabolism and/or action, and several recent reviews have 

analytically enumerated these endocrine disruptors and 

recorded their highly detrimental effects [4-6].  

This brief review aims to underscore the degree to 

which plasticizers, particularly phthalates and bisphenol 

A, seriously affect thyroid function in humans, as well 

as in animals, thereby sounding the alarm as to the 

grave impact of the thousands of plastics that are today 

flooding all planetary environments.  
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Plasticizers  

Phthalates and the thyroid  

Plasticizers are synthetic polymers, most commonly pol-

yvinyl chloride (PVC), added especially to rubbers and 

resins, to improve the flexibility, transparency and dura-

bility of the material. Plasticizers used in PVC and other 

plastics are usually esters of polycarboxylic acids, these 

including sebacates, adipates, phthalates and tereph-

thalates, azelates, as well as a number of other blends.  

Phthalate esters are commonly used in a variety of 

household applications such as shower curtains, flooring, 

food containers, wrappers, cleaning materials and personal-

care products, including perfumes, eye shadow, nail 

polish, liquid soap and hair spray [7], also footwear, 

sporting goods, toys, numerous baby items, car interiors, 

medical devices. Because they are not chemically bonded 

to the host plastics, phthalates, esters of phthalic acid, of 

which the most widely used are di(2-ethylhexyl) phthalate 

(DEHP), diisodecyl phthalate (DIDP) and diisononyl 

phthalate (DINP), can easily be released by heating or by 

extraction and, when absorbed in the body become EDS. 

The phthalates DIDP and DINP enter the human body via 

ingestion, inhalation and dermal absorption, while the main 

source of DEHP is the diet, and particularly fatty foods, 

milk, butter and meats. Exposure to DEHP also takes 

place in hospital environments where DEHP leaches 

directly into liquids that go through PVC/DEHP tubing 

and equipment. Interestingly, despite the common belief, 

exposure to phthalates is greater from ingestion of certain 

foods than through bottled water [8]. Meanwhile, two 

studies conducted in the USA and Norway between 2003 

and 2010 analyzing data from 9,000 individuals found 

that those who frequently consumed the highly processed, 
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packaged and handled food from fast food restaurants and 

junk food hangouts had significantly higher levels of two 

separate phthalates, DEHP and DINP, in their urine sam-

ples [9, 10]. Since these chemicals leach into fast food and 

junk food from a variety of sources, e.g. packaging, cans, 

food gloves, this type of eating exposes the public to EDs. 

Over the past decade, a number of regulations have 

been implemented with regard to numerous products 

containing phthalates, with DEHP having been phased 

out in Europe by Annex XIV of the European Union’s 

REACH legislation.  Under REACH, DEHP can only be 

used in specific cases if authorization has been granted. 

Authorizations are granted by the European Commission 

after obtaining the opinion of the Committee for Risk As-

sessment (RAC) and the Committee for Socio-economic 

Analysis (SEAC) of the European Chemicals Agency 

(ECHA). 

Phthalates, albeit inconsistently, have been implicated 

in thyroid dysfunction and disease. In a very recent popu-

lation-based cross-sectional study of 279 Taiwanese adults 

and 79 minors, urine phthalate metabolites were measured 

together with serum indicators of thyroid function [12]. 

Serum T4 levels were negatively associated with urinary 

mono-phthalate and the sum of urinary DEHP metabolite 

levels. Free thyroxine (FT4) levels were negatively associ-

ated with urinary mono-ethylhexyl phthalate (MEHP) 

levels but positively associated with urinary mono-

phthalate, indicating that phthalates may impact thyroid 

function, even though causality was not definitively 

identified.  

In another study with 6,003 participants from the Ko-

rean National Environmental Health Survey (KoNEHS), 

2012-2014, DEHP metabolites, along with benzyl-butyl 

phthalate (BBzP) and di-butyl phthalate (DBP) metabolites 

and BPA were measured in urine [13]. Association studies 

were also performed with TH and TSH levels quantified in 

serum. In general, urinary phthalate metabolites were asso-

ciated with lowered total T4 or T3 or increased TSH levels 

in serum. When grouped by sex, urinary metabolites of 

phthalates were inversely associated with T4 only among 

males. Among females, mono-benzyl phthalate (MBzP) 

and mono-n-butyl phthalate (MnBP) levels were inversely 

associated with TSH and T3, respectively. In addition, a 

negative association between BPA and TSH was observed. 

In China, a recent cross-sectional study was carried 

out in 216 children aged 5-7 years. Separate collections 

were made of urinary concentrations of eight mono-

phthalate metabolites (MPAEs) from children from both 

urban and rural areas and an investigation was conducted 

into their associations with thyroid function and growth 

hormones [14].  It was ascertained that children from 

urban areas had higher MPAE concentrations than those 

from rural areas, while the majority of MPAEs were pos-

itively associated with free triiodothyronine (FT3) and 

FT4. Moreover, insulin-like growth factor 1 (IGF-1) con-

centration variably diminished by between 0.082ng/mL 

and 0.132ng/mL with each 1ng/mL increase in phthalate 

metabolites, while the concentration of insulin-like 

growth factor binding protein 3 decreased by 0.01mg/L 

with each 1ng/mL increase in MPAE. The latter results 

point to the possibility that exposure to certain phthalates in 

childhood could interfere with TH and growth. 

In rodents, the effects of short-term fetal exposure to 

phthalates on the male reproductive system were une-

quivocally shown; however, information on the long-

term effects of DEHP in utero exposure on gonadal 

function and other organs are at present sparse [15].  

Other animal and wildlife studies have presented 

novel findings suggesting that in various species DEHP 

exerts more complex and wider disruptive effects on the 

endocrine system, including the thyroid and metabolism. 

For example in fish, numerous environmental stressors 

exert variable effects, depending on the duration of expo-

sure, on the fish thyroid cascade, these effects possibly 

mediated via imbalance of plasma T4 and T3 levels or 

damage to the structure of thyroidal tissues [16]. The thy-

roidal system in vertebrates is strongly linked to other en-

docrine systems including the control of reproduction. 

Therefore, any chemical interference in fish thyroid 

function due to environmental stressors can potentially 

have highly damaging effects on several facets of repro-

duction: this includes inhibition of sperm production as 

well as decrease of egg production, gonad development, 

ovarian growth, swimming activity and fertilization and, 

finally, an increase in larval mortality [16].  

Bisphenol A, bisphenol S and the thyroid  

Bisphenol A (BPA), a high volume chemical compound 

of polycarbonate plastic that is widely used for food 

storage, is likely to be harmful to both human and animal 

life, most particularly after contact with hot liquids. BPA, 

as well as phthalates, can leach, migrate or off-gas from 

products over time and enter the body where it is rapidly 

metabolized and excreted in urine, with an elimination 

half-life of less than 24 hr [17].  

BPA is ingested in high amounts from canned foods, 

in contrast to minimal intake from non-canned foods [18]. 

The monotonic association observed between fast food 

meat intake and BPA, in contrast to the generally low (1-

3 ng/g) levels of BPA in fast food components, although 

not in hamburgers (10, 9 ng/g), indicate that hamburgers 

may be a major source of BPA exposure [19].  

Despite abundant evidence that BPA is contributing to 

adverse effects on human health and notwithstanding in-

creasing consumer pressure, to date the FDA, though re-

stricting has not yet banned the use of BPA in baby bottles, 

a decision thought to be based on industry recommenda-

tions [20], while the US Regulatory Commission continues 

to declare that there is an adequate margin of safety. In-

deed, any attempt to remove the substance from the food 

supply has failed, excepting from baby bottles. This con-

stitutes the epitome of illogicality, since the scientific 

community strongly believes that BPA is an ED and 

should therefore, logically, no longer be part of the food 

chain. Recently, bisphenol S (BPS) was introduced as a 

substitute for BPA in products claiming to be “BPA free”.  

However, BPS is proving to be no less harmful than BPA 
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(Figure 1), having been detected in many everyday items, 

from canned drinks to receipt papers [20]. Studies have 

pointed to its negative impact on the reproductive system 

as well as its tendency to multiply fat cells, thereby causing 

obesity and diabetes. Its effects are observed to be related 

to timing and length of exposure.     

 

Fig. 1 Chemical structure of Bisphenol A and Bisphenol S 

With regard specifically to thyroid signaling, an in 

vivo and in vitro model (the ZEBRA study) that examined 

the dose and time effects of BPA on TH synthesis ob-

served altered expression of the genes involved in TH 

synthesis and of thyroid specific transcriptional factors 

[21]. In other words, it is likely that BPA exerts direct 

effects on thyroid follicular cells, albeit the mechanisms, 

which are complex, are not as yet well clarified [22]. In 

this line of evidence, it has recently been reported, through 

the conduct of a series of in vitro and in vivo assays, that 

BPA, as well as bisphenol F (BPF), another alternative to 

BPA, interferes with the TH signaling pathway, presuma-

bly via a number of different pathways [23]. In the fluores-

cence competitive binding assay, both BPA and BPF were 

bound to TH receptors (TRα and TRβ), with an order of 

magnitude lower than BPA. Furthermore, a BPA substi-

tute, BPS, affects TH homeostasis and TH synthesis at 

lower doses than does BPA, which could render the sub-

stitute more hazardous than BPA [24].  

In a cross-sectional study from Thailand, the Thai 

National Health Examination Survey IV 2009, the rela-

tionship between BPA exposure and thyroid function was 

studied in 2,340 subjects aged 18-94 years [25]. BPA was 

detected in 52.8 % of serum samples; a significantly neg-

ative correlation was found between serum BPA and FT4 

levels in males only, while no association was registered 

with TSH in either gender [25]. In the authors’ view, this 

gender-related association may be linked to androgen-

dependent differences in the metabolism of BPA. 

In another cross-sectional study from the NHANES 

2007–2008 survey, the relationship between urinary 

phthalate and BPA with serum TH and TSH concentra-

tions was analyzed [26]. While inverse relationships were 

noted in adults between urinary BPA and total T4 and 

TSH, significant positive relationships were observed 

between phthalate metabolites and total T3 among ado-

lescents. Although these study results are not suggestive 

of any causal  relationship a thyroid disrupting effect of 

BPA can be postulated. This effect may be directly sup-

pressive on thyroid follicular cells and could also be 

gender- and androgen-dependent.  

Animal studies have provided data demonstrating that 

BPA disrupts TH during pregnancy [27]. Meanwhile, a 

very up-to-date study in 116 cases of preterm birth and 323 

controls showed for the first time in humans that BPA and 

TSH were inversely associated and that an interquartile 

range increase in BPA was associated with an 8.21% de-

crease in TSH: this relation was repeatedly confirmed 

during the follow-up visits. The issue is a very serious one, 

since the latter consistent inverse association of BPA with 

TSH during pregnancy could well affect birth outcome and 

child development [28].   

Another study from China revealed that there is a 

link between high BPA levels and excessive iodine in-

take in patients with papillary thyroid carcinoma and 

nodular goiter (NG) [29]. Though there were no sex-

specific differences for total BPA levels measured in 

serum and in urine and urinary iodine concentrations 

(UIC), a significant correlation between BPA and UIC 

was found in those with PTC and NG. The results possibly 

point to an association between the metabolic pathways of 

BPA and iodine in the pathogenesis of PTC and NG.   

Conclusions  

This review of some of the very latest data on plastic 

contamination worldwide provides unambiguous evidence 

that the plastic additives, phthalates as well as BPA and 

its substitutes, are present in a very wide range of 

consumer products, this resulting in considerable exposure 

of populations everywhere to these very toxic substances. 

Studies in humans and in animals have substantiated 

associations between exposure to phthalates and BPA and 

serum TH levels, but confirmation on a larger scale is 

essential. In the meantime, it is incumbent upon the 

medical community to seriously consider the deleterious 

effects of BPA (and substitutes) on all body systems and 

on metabolism and to press for change. On the basis of 

the steadily increasing evidence of the disruption of 

thyroid function due to these currently omnipresent toxic 

chemicals, it is evident that, at the very least concerning 

all food products, a total ban on BPA and its substitutes 

must be swiftly implemented. 
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