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Abstract Bisphenol A (BPA) is a chemical that is used in

a variety of consumer products, and exposure to BPA is

widespread among the general population. Recent studies

have suggested that BPA may affect the thyroid and related

pathways. However, human studies are still limited. The

aim of this study was to determine the relationship between

BPA exposure and thyroid function. We obtained survey

data and blood samples from The Thai National Health

Examination Survey IV 2009, a nationally representative

cross-sectional survey using a multistage, stratified sam-

pling of the Thai population. A total of 2,340 subjects aged

18–94 years were sampled for the present study. Serum

BPA, TSH, FT4, and related covariates were measured.

BPA was log-transformed prior to analysis. BPA was

detected in 52.8 % of serum samples with a median con-

centration of 0.33 (range 0–66.91) ng/mL. We excluded

subjects who tested positive for thyroid autoantibody and

then stratified the remaining subjects by gender; the anal-

ysis showed a significantly negative correlation between

serum BPA and FT4 levels in males (r = -0.14,

P \ 0.001). In contrast, no association was observed in

females. BPA was not associated with TSH in either gen-

der. This gender-related discrepancy is possibly related to

androgen-related differences in the metabolism of BPA.

Our preliminary results provide evidence of a negative

association between BPA and FT4 levels. Additional

detailed studies are needed to investigate the temporal

relationship and potential public health implications of

such an association.
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Introduction

Bisphenol A (BPA or 4,40-isopropylidenediphenol), a

xenoestrogen compound, is a pervasive endocrine-disrupt-

ing chemical (EDC) used in the manufacturing industry as an

important intermediate in the production of polycarbonate

plastics and epoxy resins. BPA is found in a wide variety of

products, such as food and beverage containers (including

baby and water bottles), dental fillings and sealants, water

supply pipes, coatings, flame-retardant materials, recycled

paper, and cash register receipts. Exposure to BPA, not only

primarily through food and drinking water, but also through

dermal exposure and inhalation of household dusts, is con-

firmed by the presence of urinary BPA in more than 90 % of

the US population [1]. Historically, BPA was thought to be

rapidly degraded and excreted from the body, but new

studies point to the potential bioaccumulation of BPA in

adipose tissue [2, 3]. BPA has been reported in concentra-

tions of 1–10 ng/mL in the serum of pregnant women, in the

amniotic fluid of their fetuses, and in cord serum taken

at birth [4, 5]. In addition, BPA concentrations of up to

100 ng/g were reported in the placentas [5]. BPA exposure

has the potential to influence numerous, wide-ranging, and

complex outcomes. To date, health complications related to

BPA exposure include diabetes mellitus, increased adipos-

ity, altered brain development and sexual differentiation,

altered behavior, neoplasia and preneoplastic lesions of the
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mammary and prostate glands, suppressed immune

response, and reproductive problems [6]. Some of these

proposed relationships are still in the very early stages of

exploration.

Moreover, BPA interferes with thyroid hormone path-

ways. From in vitro studies, BPA binds to the thyroid

hormone receptor and acts as an antagonist to T3 at the

thyroid hormone receptor, thus inhibiting thyroid hormone

receptor-mediated transcriptional activity [7, 8]. BPA fed

to pregnant rats was associated with increased thyroid

hormone levels in the offspring, which was compatible

with thyroid resistance syndrome [8, 9]. Accordingly,

studies have also shown that BPA is able to block

T3-induced metamorphosis of tadpoles [10] and differen-

tiation of mouse oligodendrocytes [11]. An in vivo study

reported that BPA suppressed TSH release from bullfrog

pituitary glands in a manner that is independent of both the

thyroid hormone feedback mechanism and the estrogenic

activity of BPA [12]. BPA was also shown to decrease

thyroperoxidase activity in the FTC-238/hTPO recombi-

nant cell line [13]. However, other animal studies [14–16]

have found no or contrasting effects on thyroid hormone

levels after BPA exposure. A non-significant inverse rela-

tionship between urinary BPA and total T4 was observed in

previous study of US population [17]. Also an inverse

association between urinary BPA and thyroid-stimulating

hormone (TSH) was reported in male patients [18]. Urinary

BPA was detected in 94.3 % of the population in several

Asian countries [19]. However, studies relating BPA and

thyroid function in Asian population are still lacking. The

aim of the present study was to investigate the relationship

between BPA exposure and thyroid function measurements

collected in the fourth Thai National Health Examination

Survey (NHES IV) 2009.

Materials and methods

The NHES IV 2009 was a nationally representative cross-

sectional survey using a multistage, stratified sampling of

the Thai population. The survey was approved by the

Ethical Review Committee for Research in Human Sub-

jects, Ministry of Public Health. All participants provided

written informed consent. The sampling method has been

described in detail elsewhere [20]. Briefly, the sampling

units in each of the four stages of selection included: (1)

five provinces in each of the four regions and Bangkok; (2)

three to five districts in each province; (3) 13–14 electoral

units or villages from urban and rural areas; and (4) eight to

ten men and women from each electoral unit or village.

The final sample size was targeted at 21,960 individuals

and the final sample included 20,450 individuals (93.1 %

of the target). According to the data from International

Council for the Control of Iodine Deficiency Disorders

(ICCIDD), Thailand is one of the countries that have suf-

ficient iodine status [21]. However, populations in some

rural areas in the Northern part of Thailand still have mild

iodine deficiency [22].

Data collection

Data collection included a face-to-face interview conducted

in the community and a subsequent health examination and

blood sample collection. Demographic data, medical his-

tory, and lists of current medications were obtained during

the interview using standard questionnaires. Any individu-

als reporting prior thyroid disorders or use of medications

that alter thyroid function e.g., lithium, amiodarone, and

recent iodinated contrast exposure were excluded. In the

field survey, a brief physical examination was performed by

certified field research assistants. Body mass index (BMI)

was calculated using the following formula: weight in kg

divided by height in meters squared. Pregnant women and

patients with a reported history of thyroid disorder were

excluded from the study. BPA levels may be affected by

seasonal variation [23]. However, this seasonal effect is

minimal in Thailand which is located in tropical area with

warm-hot climate year-round. Venous blood samples were

obtained from participants and then centrifuged; the serum

was frozen and transferred to the central laboratory center in

the Faculty of Medicine, Ramathibodi Hospital, Mahidol

University for analysis. A subsample of serum for mea-

surement of BPA, TSH, free thyroxine (FT4), thyroid per-

oxidase antibody (TPOAb), and thyroglobulin antibody

(TgAb) levels was randomly selected according to age

group (15–29, 30–44, 45–59, 60–69, 70–79, and

C80 years), sex, and region (urban and rural). In each

stratum, 25 individuals were randomly selected using

computerized software. A total of 2,700 were selected, of

which 2,586 serum samples were available.

Serum analysis

Serum BPA levels were determined by competitive ELISA

(IBL International GmbH, Hamburg, Germany) with a

detection limit of 0.3 ng/mL. The assay has intra-assay and

inter-assay precisions of 7.0 and 13.6 %, respectively.

Serum TSH, FT4, TPOAb, and TgAb were measured by

electrochemiluminescence immunoassay on a Cobas e 411

analyzer (Roche Diagnostics GmbH, Mannheim, Ger-

many). The assays have intra-assay precisions of 3.6, 1.31,

9.2, and 6.1 %, respectively. The corresponding normal

ranges of serum TSH, FT4, TPOAb, and TgAb are

0.27–4.2 mIU/L, 0.93–1.71 ng/dL, 0–34 IU/mL, and

0–115 IU/mL. Serum BPA samples were collected at the

same time as serum TSH, FT4, TPOAb, and TgAb.
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Statistical analysis

In total, we possessed complete data for serum BPA, TSH,

FT4, TPOAb, and TgAb for 2,586 subjects aged 15 years

and older randomly sampled from the NHES IV. One

hundred and seven subjects with outlying high or low

levels of TSH and FT4 levels were excluded from our

analysis. Owing to significant differences reported else-

where in thyroid hormone levels in adolescents compared

to adults [24], we compared the levels of TSH and FT4

between adults and adolescents in this study and found

significant differences. Adolescents aged 15–17 years from

the study population were separately analyzed. Finally, the

data from 2,340 adult subjects were analyzed. Since thy-

roid autoantibodies including TPOAb and TgAb may cause

abnormal thyroid function, we also analyzed the data for

participants with positive thyroid autoantibodies sepa-

rately. Data were presented as mean ± SD or median and

interquartile range (IQR). Comparisons of the differences

between means and medians were analyzed using the t test

and the Mann–Whitney U test, respectively. Since the

distribution of BPA concentrations was right-skewed, the

data were natural logarithm (ln)-transformed prior to

analysis. TSH is usually right-skewed. But after excluded

the outliers, TSH was in normal distribution. Spearman’s

rank correlation was performed to assess the relationships

between two variables. Multivariable linear regression was

used to examine the association of FT4 or TSH level, as a

dependent variable, with BPA and related covariates in

both male and female subjects. Statistical significance was

established at P \ 0.05. All of the analyses were conducted

using SPSS software version 16.0 (Chicago, IL, USA).

Results

The study sample included 2,340 Thai adults (55 % in

urban area). Demographic data and subject characteristics

are shown in Table 1. Overall, BPA was detected in

52.8 % of serum samples with a median concentration of

0.33 (IQR 0.08–0.75; maximum concentration of 66.9) ng/

mL. Positive TPOAb and TgAb were presented in 368

(15.7 %) and 280 (12 %) of the subjects, respectively.

Levels of FT4 were positively correlated with male gender

(r = 0.15, P \ 0.0001) and inversely correlated with age

(r = -0.1, P \ 0.0001), BMI (r = -0.08, P \ 0.0001),

ln(BPA) (r = -0.1, P \ 0.0001), and TgAb (r = -0.05,

P = 0.01). TSH had positive relationships with age

(r = 0.06, P \ 0.01), BMI (r = 0.05, P = 0.01), and

urban residence area (r = 0.05, P \ 0.01) and inverse

relationship with male (r = -0.07, P \ 0.01). There were

correlations between BPA and age, male, FT4. No corre-

lation between BPA and BMI was observed.

Comparison between male and female subjects

Table 2 shows the characteristics of male and female sub-

jects. Overall, men had lower BMI, TSH, TgAb levels, and

percentage of positive TPOAb and TgAb, and higher serum

BPA and FT4 concentrations compared to women. No dif-

ferences were observed in age or TPOAb levels between two

genders. When the analysis of subjects was stratified by

gender, a weak inverse relationship between serum ln(BPA)

and FT4 was observed in men (r = -0.16, P \ 0.001;

n = 1,159) and in women (r = -0.06, P = 0.03; n =

1,181). However, this relationship in women did not remain

after multivariable regression analysis (Table 3). There were

no associations between serum ln(BPA) and TSH among

male and female subjects.

Owing to the significant correlation between TgAb and

FT4 levels in the present study, we conducted an additional

analysis of the data in subjects negative for TgAb. We

observed an inverse association between ln(BPA) and FT4

in male subjects (r = -0.14, P \ 0.001; n = 1,080). In

contrast, no association was found in females (r = -0.06,

P = NS; n = 980). Additionally, there were similar rela-

tionships between ln(BPA) and FT4 when we excluded

subjects with positive TPOAb and/or TgAb. To assess the

Table 1 Characteristics of the study population

Adults (age C 18 years, n = 2,340)

n %

Male 1,159 49.5

Lived in urban area 1,286 55

BMI (kg/m2)c Mean 23.45 ± 4.56

(12.73–44.84)a

Underweight (\18.5) 278 11.9

Normal (18.5–22.9) 907 38.8

Overweight at risk (23–24.9) 393 16.8

Obese I (25–29.9) 578 24.7

Obese II (C30) 184 7.9

Level

Serum BPA (ng/mL) Median 0.33 (0–66.91)b

TSH (normal, 0.27–4.2 mIU/L)d Mean 1.92 ± 1.14 (0.009–7.35)a

FT4 (normal, 0.93–1.71 ng/dL)e Mean 1.32 ± 0.17 (0.79–1.88)a

TPOAb (normal, 0–34 IU/mL) Median 13.17 (5–6,037)b

TgAb (normal, 0–115 IU/mL) Median 15.81 (10–4,000)b

a Data presented as mean ± SD (range, minimum to maximum)
b Data presented as median (range, minimum to maximum)
c BMI classification for Asian population according to WHO/IASO/

IOTF 2000
d TSH levels above and below the normal range were observed in

4.79 and 1.62 % of the subjects, respectively
e FT4 levels above and below the normal range were observed in

3.21 and 1.45 % of the subjects, respectively
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robustness of the associations between BPA concentrations

and serum FT4, we categorized BPA concentrations into

quartiles. Patterns of negative relationships between BPA

and FT4 were observed (Fig. 1). In the multivariable

regression analysis, there were significant inverse associa-

tions between FT4 level and serum BPA among men after

adjustment for age and BMI. Adjusted regression

coefficients for change in serum FT4 related to serum BPA

were 0.1 in males (Table 3).

The analysis was also conducted among the adolescents

(15–17 years old). The sample size available for analysis

was much smaller than for the adults (N = 139). When

stratifying the analysis among adolescents by gender, there

was an inverse relationship between ln(BPA) and FT4 in

male adolescents but no significant association was iden-

tified by multivariate regression analysis.

Discussion

Thyroid hormone is essential for normal brain development

in mammals; insufficient levels of this hormone result in

substantial cognitive defects. In addition, thyroid dys-

function is associated with adverse effects on the cardio-

vascular system, serum lipids, bone, and kidney. BPA is

one of the highest-volume chemicals produced worldwide,

and evidence is emerging to support a suggestive inverse

relationship between urinary BPA and FT4 and TSH levels

[17, 18]. Several population-level studies have estimated

the prevalence of detectable urinary BPA as approximately

91–99.8 % from data in North America [1, 25] and mul-

tiple Asian countries such as China, India, Japan, Korea,

Kuwait, Malaysia, and Vietnam [19, 26]. We detected BPA

(C0.3 ng/mL) in approximately 53 % of serum samples

obtained from the Thai NHES IV 2009. The blood test we

conducted may underestimate the true prevalence of BPA

in this population because of rapid degradation of BPA in

the body [27]. Although detection of BPA in serum may

underestimate the total population burden of this potential

toxicant, we identified a potential inverse correlation

between serum BPA and FT4 levels in adult subjects.

Epidemiological studies showed that even a borderline

hypothyroxinemia in pregnant women may increase the

risk of delayed neurodevelopment in the offspring [28–30].

Thus, even minimal association between BPA exposure

and FT4 change in the present study may have detrimental

consequences for health.

Table 2 Comparison of

characteristics between male

and female adult subjects

NS non-significant
a Data presented as mean ± SD
b Data presented as median

(interquartile range)

Male (n = 1,159) Female (n = 1,181) P

Agea (years) 57.4 ± 19.68 57.04 ± 20.08 NS

BMIa (kg/m2) 22.85 ± 4.02 24.04 ± 4.96 \0.001

BPAb(ng/mL) 0.35 (0.09–0.84) 0.31 (0.07–0.66) \0.01

TSHa (mIU/L) 1.86 ± 1.14 1.98 ± 1.14 0.01

FT4
a (ng/dL) 1.36 ± 0.2 1.3 ± 0.19 \0.001

TPOAbb (IU/mL) 13.09 (9.51–21.58) 13.27 (9.17–23.48) NS

%Positive TPOAb 12.9 % 18.4 % \0.001

TgAbb (IU/mL) 15.06 (11.58–19.74) 16.92 (12.47–38.09) \0.001

%Positive TgAb 6.8 % 17 % \0.001

Table 3 Standardized regression coefficients (b) between variables

and serum FT4 concentration in male and female

b P value

Male

BPA -105 0.001

Age -0.242 0.000

BMI -0.080 0.011

Female

BPA -0.033 NS

Age 0.036 NS

BMI -0.046 NS

BMI body mass index, BPA bisphenol A

Fig. 1 95 % Confidence intervals for change in serum FT4 related to

serum BPA quartiles in male subjects
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Our results were consistent with previous studies that

BPA can affect thyroid function. Previous in vivo studies

suggest that BPA or its halogenated derivatives may

interact as agonists or antagonists on the thyroid hormone

receptor via genomic [7, 31, 32] and non-genomic [33]

pathways. In the previous instance, the suppression of

thyroid hormone receptor transcription occurred at low

concentrations of BPA [33]. In another study, develop-

mental exposure to BPA in rats produced an endocrine

profile similar to that observed in thyroid resistance syn-

drome [9]. Specifically, T4 levels were elevated during

development in the pups of BPA-treated animals, but TSH

levels were not different from controls [9]. Further, BPA

suppressed the release of TSH from amphibian pituitary

[12]. In a recent in vivo study, BPA exposure induced the

TSH gene in the larval stage of zebrafish [34]. BPA has also

been reported to decrease thyroperoxidase activity [13]. It

was hypothesized that BPA was transferred from placenta

to fetus via transthyretin, one of thyroid hormone binding

proteins, which results in lesser concentrations of T4 in

fetal blood [23, 35]. Small study by Sugiura-Ogasawara

et al. [36] found no differences in mean levels of serum

BPA between patients with and without hypothyroidism. In

contrast, BPA had a weak inverse association with TSH but

not correlated with FT4 or TT3 in male patients from

infertility clinic [18]. A population-based study showed a

suggestive inverse relationship between BPA and TT4 [17].

Recent small study in BPA-exposed workers reported

positive association between BPA and FT3 while no asso-

ciation with FT4 and TSH [37]. In the present study, there

was an inverse correlation between BPA and FT4 among

the male adults. This pattern of low FT4 and normal TSH is

compatible with central hypothyroidism. A possible

explanation is the evidence that BPA can suppress TSH

secretion from amphibian pituitary [12]. Recent BPA

exposure study in pregnant ewes, which are long-gestation

species, found lower T4 level in pregnant and newborns

compared with controls [38]. Maternal exposure to BPA

might be the potential risk for neonatal hypothyroidism.

However, these inconsistent and limited data suggest that

BPA may alter thyroid signaling in multiple mechanisms,

but more detailed investigations are needed.

Interestingly, we also observed a gender-related differ-

ence in the relationship between BPA and FT4 levels. Only

in male subjects, serum FT4 had a negative correlation with

BPA exposure. Previous animal study revealed that BPA

exposure during pregnancy was related to alterations in free

T4 among male pups only [16]. Human data from

CHAMACOS study in the United States also found the

association of maternal BPA exposure and neonatal TSH in

males but not females [39]. The experimental studies pro-

posed that men may not metabolize BPA as efficiently as

women. The mRNA expression of the uridinediphosphate-

glucuronosyltransferase 2B1 (UGT 2B1) which glucuroni-

dates BPA has been reported to be lower in males than in

female rats [40, 41]. In addition, BPA exposure was found

to suppress the expression of UGT 2B1 in males but not in

female rats [42]. The gender-related discrepancy is possibly

related to differences in androgen-related metabolism of

BPA. Our results were different from a previous human

study that found consistent associations between urinary

BPA concentrations and total T4 and TSH in both genders

[17]. Indeed, we also found an inverse relationship in the

female population. However, upon carrying out regression

analysis that association was no longer significant. Further

experimental and human studies on sex-difference of

association of BPA and thyroid function are needed.

There are several limitations to the present study. First,

the study is cross-sectional in nature due to the availability of

only a single hormone level measurement from each par-

ticipant. Thus, we are unable to make any conclusions

regarding causation in the relationship between BPA expo-

sure and FT4. One sample per subject may not be represen-

tative of the average body burden of BPA, because these

chemicals are metabolized rapidly. Second, we measured

BPA concentrations in serum. The near-complete renal

elimination of absorbed BPA has made urinary measurement

of BPA a useful biomarker of human exposure. Subsequent

studies should employ methodologies with greater sensi-

tivity, selectivity, and precision, such as mass spectrometry

in the urine sample. EDCs may affect thyroid homeostasis

through various mechanisms, and multiple chemicals have

been reported to interfere with thyroid function by each of

the identified mechanisms [43, 44]. Owing to the additive or

synergistic nature of EDCs with different mechanisms on

thyroid hormone metabolisms, an investigation of cumula-

tive risk that accounts for these interactions is warranted.

Future research requires more complete data concerning

thyroid hormone levels and other factors that impact thyroid

function, including iodine status and other EDCs.

Conclusions

Our preliminary results support the inverse association

between BPA and FT4 levels. Long-term, detailed studies

are needed to establish a temporal relationship between

BPA and thyroid hormone, as well as the potential public

health implications of such an association.
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