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Endocrine Disrupting Chemicals and Pubertal Development
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During the past decades, advancement in pubertal onset especially in girls has been noticed worldwide. Genetic factors and in-
creasing prevalence of adiposity may contribute, however ubiquitous presence of endocrine disrupting chemicals (EDCs) is sus-
pected to be involved in the trend of earlier pubertal onset. Most of known EDCs have estrogenic and/or anti-androgenic actions
and few have androgenic or anti-estrogenic effects. Some studies reported earlier age at menarche after exposure to polycholori-
nated biphenyls (PCBs), polybrominated biphenyls, dicholordiphenyltrichloroethane, phthalate esters, while several other studies
found no effect of these compounds on Tanner stages or age at menarche in girls. Limited studies reported an association of delayed
puberty in boys and exposure to PCBs or the pesticide endosulfan. However, epidemiological research on the effects of EDCs on
sexual maturation is hampered by many pitfalls, such as the mixture of many chemicals with different effects in environment, un-
identified critical window of exposure, and limited knowledge about the time lag between exposure and effect. In this paper, we re-
viewed possible mode of actions of different chemical compounds, and summarized animal/human studies shown the effects of
EDCs on the pubertal development. (Endocrinol Metab 27:20-27, 2012)
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Table 1. Animal studies investigating the relation between environmental chemical exposures and pubertal development

Mode of Action Chemical S Treatment Effects (at dosages) Reference
gender interval
ER agonist Bisphenol A Mice, female In utero Reduced interval between Howdeshell et al. [21]
VO and first vaginal estrus
ER agonist Bisphenol A Mice, female In utero Early VO Honma et al. [22]
ER agonist Bisphenol A Mice, female In utero Pregnancy stage-like mammary gland differentiation ~ Markey et al. [23]
ER agonist Bisphenol A Mice, female In utero Early VO Nah et al. [24]
ER agonist Genistein Rat, female Neonatal Early VO Bateman et al. [25]
ER agonist Genistein Mice, female Neonatal Decreased reproductive function Jefferson et al. [26]
ER agonist Genistein Mice, female In utero Early VO and increased length of the estrus cycle Nikaido et al. [27]
ER agonist Genistein Rat, female Peripubertal Early VO; increased transcriptional activities of Lee etal. [28]
ERovand ERB in ovary and uterus.
ER agonist or DEHP Rat, female In utero and Delayed VO; delayed first estrus Grande et al. [30]
antagonist peripubertal
ER agonist or DEHP Rat, female In utero Earlier VO and first estrus cycle Maetal. [31]
antagonist
ER agonist or Butylbenzyl Rat, male In utero Decreased anogenital distance; atrophy of Nagao et al. [33]
antagonist Phthalate seminiferous tubules; decreased serum testosterone
ER agonist and DDE Rat, male Peripubertal Delayed PPS Ashby et al. [34]
AR antagonist
ER agonist and DDE Rat, male Peripubertal Delayed PPS Kelce et al. [35]
AR antagonist
Ah agonist TCDD Rat, female In utero Delayed VO and decreased/incomplete Gray et al. [36]
mammary epithelial differentiation Fenton et al. [38]
Ah agonist TCDD Rat, male In utero Delayed PPS; reduced ejaculated sperm counts Gray et al. [37]

Ah, aryl-hydrocarbon; AR, androgen receptor; DDE, dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyltrichloroethane; DEHP, diethylhexyl phthalate; ER, estrogen
receptor; PPS, preputial separation; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; VO, vaginal opening.
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Table 2. Studies investigating the relation between environmental chemical exposures and pubertal timing in girls

23

Compound (biospecimen) Study population (sample size) Study design Findings Reference
PBBs (estimated maternal ~ US, Michigan girls, in utero Assessment of High PBBs are assaciated Blanck et al. [42]
serum PBB at conception)  and lactational exposure (327) Tanner stages; recalled  with earlier menarche and
age at menarche pubic hair development
DDE (estimated maternal US, Michigan daughters of Recalled age at Higher DDE associated Vasiliu et al. [43]
serum DDE at conception)  women who consumed Great Lakes menarche with earlier menarche

DDE (maternal blood, cord
blood, and placenta
averaged; breast milk)

DDE (serum)

DDT/DDE
(serum in adulthood)

Dioxin-like activity
(serum; CALUX)
Dioxin (TCDD)

PCBs (maternal serum)

PCBs (maternal blood, cord

blood, and placenta
averaged; breast milk)

PCBs/PCDFs

PCBs (estimated maternal
serum PCBs
at conception)
Phthalates (serum)
Phthalate (urine)
Phthalate (urine)

Phthalate (urine)

Bisphenol A (urine)
Bisphenol A (urine)

Phytoestrogen (urine)

Phytoestrogen (urine)

Phytoestrogen (serum)

fish (151)
US, North Carolina girls, in utero and
lactational exposure (316)

Belgium girls with PP;
immigrated girls (26);
native-born girls (15)
Chinese female textile
workers (466)

17-yr-old Belgium girls (120)
from polluted and
nonpolluted areas

Seveso, Italy, girls exposed
atage 0-17 yr(282)

US, Michigan girls, in utero
and lactational exposure (256)

US, North Carolina girls,
in utero and lactational
exposure (316)

Taiwan, girls, exposed to
contaminated oil (Yucheng)
in utero(27) and controls (21)
US, Michigan daughters of
women who consumed
Great Lakes fish (151)

Puerto Rico (41 PT cases,
35 controls)

Taiwan (30 PT cases,
26 CPP cases, 33 controls)
US (28 CPP cases, 28 controls)

US, New York, 1,151 girls aged 6-8 yr

US, New York, 192 girls aged 9 yr
US, New York, 1,151 girls aged 6-8 yr

US, New York,192 girls aged 9 yr

US, New York, 1,151 girls aged 6-8 yr

Korea (108 PP cases, 91 controls)

Assessed menarche,
Tanner stages by annual
questionnaire

Serum DDE compared
between 2 groups

Recalled age at
menarche
Assessment of

Tanner stage; recalled
age at menarche
Recalled age

at menarche
Assessment of Tanner
stages; recalled age at
menarche

Assessed menarche,
Tanner stages by annual
questionnaire
Recalled age at
menarche, menstrual
cycle characteristics
Recalled age
atmenarche

Case control
Case control
Case control

Assessed Tanner
stages by annual
questionnaire
Assessment of

Tanner stages
Assessed Tanner stages
by annual questionnaire
Assessment of

Tanner stages

Assessed Tanner stages
by annual questionnaire

Case contol

No association with age

at menarche; suggestion of

an association of higher exposure
and higher Tanner stages
Immigrated girls with

PP had higher DDE concentration
than native Belgium girls with PP
Higher DDT/DDE associated

with earlier menarche

High serum dioxin was associated
with retarded breast development.;
No association with menarcheal age
No association

No association

Suggestion of an association of
higher Tanner stages

with high exposure

No association with menarcheal
age; exposed girls reported shorter
and more irregular cycles

No association

Higher serum phthalate (DEHP)

in PT cases

Higher urine monomethy!
phthalate in PT cases

No difference in urine phthalate
metabolite

A positive trend for low-molecular-
weight phthalate biomarkers with
breast and pubic hair development

No association
No association

Urinary daidzein/genistein was
lower in girls with breast
development

Urinary daidzein was associated
with delayed breast development
Higher daidzein/genistein in PP girls

Gladen et al. [44]

Krstevska-
Konstantinova
etal. [45]
Ouyang et al. [46]

Den Hond et al. [47]

Warner et al. [48]

Blanck et al. [42]

Gladen et al. [44]

Yang et al. [50]

Vasiliu et al. [43]

Colén etal. [51]
Chou et al. [53]
Lomenick et al. [54]

Wolff et al. [52]

Wolff et al. [55]
Wolff et al. [52]

Wolff et al. [55]

Wolff et al. [52]

Kim et al. [56]

CALUX, chemically activated luciferase gene expression; CPP. central precocious puberty; DDE, dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyltrichlorogthane;
DEHP, diethylhexyl phthalate;PBBs, polybrominated biphenyls; PCBs, polycholorinated biphenyls; PCDFs, polychlorinated dibenzofuran; PP, precocious puberty; PT,
premature thelarche; TCDD, 2,3,7 8-tetrachlorodibenzo-p-dioxin.
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Table 3. Studies investigating the relation between environmental chemical exposures and pubertal timing in boys
. . Study population . -
Compound (biospecimen) (samplaisize) Study design Findings Reference
DDE (maternal blood, US, North Carolina boys, Assessed Tanner stages No association Gladen et al. [44]
cord blood, and placenta accidental in utero and by annual questionnaire
averaged; breast milk) lactational exposure (278)
Dioxin-like activity 17-yr-old Belgium boys (78) Assessment of Tanner stage No association Den Hond et al. [47]
(serum; CALUX) from polluted and by examination
nonpolluted areas
PCBs (maternal blood, US, North Carolina bays, Assessed Tanner stages No association Gladen et al. [44]
cord blood, and placenta accidental in uteroand by annual questionnaire
averaged; breast milk) lactational exposure (278)
PCBs (cord blood) Faroe Islands boys (175) Genital anomalies at birth, No association Mol et al. [58]

PCBs (serum;
congeners 138,
153, and 180)

PCBs (maternal blood)

PCBs/PCDFs

Endosulfan

examination at age 14 for
Tanner stages, spermaturia
and serum hormones

17-yr-old Belgium boys (78) Assessment of Tanner stage Higher exposure to PCB 138 less likely Den Hond et al. [47]

from polluted and by examination to have reached highest stages of
nonpolluted areas genital development, higher exposure
to PCB 153 less likely to have reached
highest stage of pubic hair
Taiwan, boys, exposed to Prospective study Tanner stages ~ Yucheng boys had reduced penile Guo etal. [57]
contaminated oil (Yucheng) by exam length compared with controls
in utero(55) and controls (55)
Taiwan, boys (mean age: 12.3)  Tanner stages by exam, No association Hsu etal. [59]
exposed to contaminated oil serum hormones
(Yucheng) in utero(61) and
controls (60)
India, boys aged 10-17 Assessment of Tanner stage by ~ Exposed boys were less mature and ~ Saiyed at al. [60]
in exposed (117) and examination; serum hormones  had lower testosterone and higher LH
unexposed (90) areas and endosulfan levels than unexposed boys

CALUX, chemically activated luciferase gene expression; DDE, dichlorodiphenyldichloroethylene; LH, luteinizing hormane; PCBs, polycholorinated biphenyls; PCDFs,

polychlorinated dibenzofuran.
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