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ABSTRACT

Endocrine disrupting chemicals are ubiquitously present in our environment,
and it has become apparent that that these agents pose significant health
risks. A number of endocrine disrupting chemicals have been detected in
humans at levels capable of interfering with endogenous hormone action.
Notably, there are well-established effects on male and female sexual
development as a consequence of either prenatal or childhood exposure.
Given the observed accelerated rate of puberty in the past few decades,
it has been postulated that contact with endocrine disrupting chemicals
during critical development periods may be a causative factor in
promoting precocious puberty in children. This case series presents patient
evidence correlating endocrine disrupting chemicals exposure with clinical
evidence of premature sexual development. The identification of numerous
cases of precocious puberty related to exposures highlights the need for
physicians to take an active role in educating parents about the risks posed
during pregnancy and child development.
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1. Introduction

Endocrine disrupting chemicals (EDCs) are natural or
synthetic agents in the environment that alter
physiological hormone functions. Some of the most
commonly encountered EDCs include bisphenol A,
phytoestrogens, phthalate esters, pesticides, dioxins,
polychlorinated biphenyls, and flame retardants. EDCs
are highly present glob-ally, as they are found in many
household and environmental products, including plastic
toys and bottles, lining of food cans, personal care
products, medical devices and tubing, household
furnishings, and contaminated food, water, and soil.
Importantly, EDCs have been detected in human blood,
urine, hair, sweat, breast milk, placental tissue, and
amniotic fluid at levels sufficient to disrupt endocrine
function'-2. Exposure to EDCs at various stages of life has
been associated with the abnormal development and
function of numerous organ systems, including the nervous,

endocrine, cardiovascular, renal, immune, and
reproductive systems. Specifically, EDC actions on
adipose tissue, the adrenal glands, and the

hypothalamic-pituitary-gonadal (HPG) axis may affect
reproductive function at multiple points during fetal and
neonatal life, early childhood, puberty, and adulthood3.

2. Puberty

Puberty is defined as the development of secondary
sexual features and the ability to reproduce. Driven by
activation of the HPG axis and a balance of hormones,
on average puberty begins between the ages of eight to
thirteen in females and nine to fourteen in males4.

Typical puberty begins with the release of gonadotropin-
releasing hormone (GnRH) from the hypothalamus. GnRH
stimulates release of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from the anterior pituitary in a
pulsatile fashion. LH acts on the interstitial cells of the
gonads, to initiate steroidogenesis. Specifically, ovarian
thecal cells and testicular Leydig cells synthesize
androgens. in response to LH. FSH acts on ovarian

follicular cells to promote conversion of androgens to
estrogens, and on ovarian oocytes to stimulate
development. In testes, FSH stimulates spermatogenesis
and enables maturation of spermatozoa.

During pubertal development, estrogen accelerates
breast growth, stimulates development of pubic hair, as
well as increases growth of the female genital tract. In
males, testosterone expands testes length and stimulates
development of pubic hair. In females and males, both
hormones act to increase bone length, while testosterone
also enlarges bone width, whereas estrogen stimulates
closure of the epiphyseal plates. In females, increasing
concentrations of estrogen also enables the female
neuroendocrine system to secrete LH. LH then acts on the
ovary to prepare for ovulation and menarches.

In addition, the adrenal glands also play a contributory
role in puberty as a source of sex steroid hormones.
Adrenocorticotropin releasing hormone (ACTH) release
from the anterior pituvitary stimulates adrenal production
of dehydroepiandrosterone (DHEA), which is then
converted to testosterone and other forms of estrogen in
peripheral tissues. While the gonads are the primary
source of sex hormones in both males and females, the
adrenal glands contribute a small amount of sex
hormones through this pathway

In the United States, puberty is staged by the Tanner
scale which is also known as Sexual Maturity Rating.
Sexual Maturity Rating (SMR) is more widely used in
literature and will therefore be used in this case series®
(Table 1). SMR stage 1 refers to the prepubertal stage.
SMR stage 2 is defined as onset of thelarche in females
and testicular enlargement in males. Ongoing puberty is
classified as SMR stages 3-4, and completion of puberty
is classified as SMR stage 5. In females, puberty typically
starts with development of thelarche, followed by
pubarche and menarche. In males, puberty typically
starts with lengthening of the testes and pubarche“.

Breast Pubic Hair

| No glandular tissue None

Small amount of fine
hair

Il Breast buds appear

1} Breast elevation Course and curly hair

extend bilaterally

v Areolar mound Adult-like hair that
spares thighs
Vv Adult contour Adult hair distributed

in the classic female
triangle; may extend
to medial thighs

Genitalia Pubic Hair

preadolescent None

Small amount of
fine hair

Minimal Penile
lengthening; enlarged
testes and scrotum

Dark, course,
curling, small
amount

Penile lengthening,
testes & scrotum
further enlarged

Adult-like hair that
spares the thighs

Larger penis, breadth
with glans penis;
increased testicular
size

Adult size and length Adult hair spreads

to the medial thighs

Table 1: Sexual Maturity Stage (SMR) staging, which describes the sequence of secondary sex characteristic development

in children during puberty.
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Precocious puberty can be subdivided into central or
peripheral in etiology. Central precocious puberty is most
often attributed to family history, rare genetic disorders,
central nervous system diseases, brain trauma, and brain
or pituitary malignancies. Peripheral precocious puberty
is associated with ovarian, testicular tumors or adrenal
tumors, rare genetic disorders, and exposure to
exogenous agents containing EDCs.

3. Case Presentations: Precocious Puberty
3.1. SEXUAL MATURITY RATING 2

Multiple case studies were found in which children were
experiencing precocious puberty, classified as SMR stage
2. At the University of California Irvine Pediatric
Endocrinology Division and Children’s Hospital of Orange
County'’s clinic, four patients were evaluated. The first was
a 7 year 6-month-old female who presented after
concern for development of a left breast bud at 6 years
of age in the context of normal prepubertal FSH, LH, and
estradiol levels. At the time of evaluation, breast
development was SMR stage 2. The second patient was
a 3 year 11-month-old female who had right sided
breast development starting at age one; no data was
reported on prepubertal gonadotropin and gonadal
hormone levels. The third patient was a 7 year 9-month-
old female who developed a left breast bud at 6 years
of age; no data was provided on hormones. The fourth
patient was a 7 year 11-month-old male who developed
a left breast bud at four years of age. At the time of
evaluation, he had bilateral breast enlargement and
bilateral testicular volume, with normal gonadotropin and
sex steroid hormones, and normal prolactin levels.
Thorough histories of the 4 patients were obtained, which
revealed that each child had exposure to lavender, in the
forms of cologne, soap, oil in a diffuser, and again
cologne, respectively. After discontinuation of the
exposure, breast development had resolved in patients
1, 2, and 4, and regressed in patient 37

Similarly, a 14-month-old female was referred to an
endocrinology clinic for concern of breast development
starting at six months of age. She had no accelerated
growth development and otherwise normal
developmental milestones. Her history revealed frequent
exposure high levels of lavender oil in a wide variety of
formulations. The patient’s parents reported routine use
lavender wipes, lavender shampoo, lavender body wash,
lavender moisturizing cream, and lavender skin soothing
lotion. The child’s gonadotropin and estradiol levels were
normal. However, elevated prolactin was observed as
well as marked increase of the tumor marker alpha-
fetoprotein After the parents were counseled on
discontinuing these products, the patient’s breast tissue
recededs.

Precocious puberty was also seen with exposure to
phytosterol, an EDC with established actions on the HPG
axis. A 20-month-old male was evaluated for concern of
pubic hair and increased penile length. Pubarche was
classified as SMR stage 2. After a thorough history was
obtained, it was discovered that this patient was
consuming large amounts of chicken essence seasoning,
which contained phytosterol. No gonadotropin or sex
steroid hormone levels were reported. After discontinuing

the exposure, the patient’'s pubarche and penile
lengthening halted?.

3.2. SEXUAL MATURITY RATING 3

Multiple case studies of patients with SMR stage 3
thelarche were documented in Turkey. A five-year-old
patient presented to the clinic for evaluation of thelarche.
The patient was also found to be experiencing vaginal
discharge as well. Similarly, three additional female
pediatric patients, ages 5 months, three and five years,
were identified who were also experiencing thelarche,
SMR stage 3. All 4 pediatric patients presented with
estradiol levels 15-20 times higher than appropriate for
their ages. Parent interviews revealed that the pediatric
patients had all been heavy consumers (2-3 times daily)
of herbal teq, containing the phytoestrogen Foeniuculum
vulgare, to alleviate gas pain. Coincidentally, at the
same time, a 65-year-old postmenopausal patient was
evaluated for postmenopausal bleeding, presenting as
regular menstrual cycles. It was discovered that the 65-
year-old patient had a long-term history of drinking
Foeniuculum vulgare tea on a daily basis. The parents
were instructed to stop administering tea to their children,
after which thelarche resolved and estradiol levels
normalized within three to six months'%. No follow up
data was provided for the adult patient.

3.3. SEXUAL MATURITY RATING 4

Cases of precocious puberty, classified as SMR stage 4,
were also documented in the literature. In France, a four-
month-old female was evaluated for SMR stage 4
breasts as well as vaginal bleeding. It is widely
understood that newborns can have breast buds because
of maternal hormonal transfer in utero, however it was
inexplicable why the patient was also experiencing
menstruation. Endocrine investigation revealed highly
elevated estradiol, and Gonadotropin stimulation
resulted in marked increases in FSH, and moderate
elevation of LH. The physicians concluded that the child
was experiencing peripheral precocious puberty.

The patient history mentioned no excessive soy/
phytoestrogen intake, however, the family resided on a
farm that stored more than 20 tons of several pesticides
with known endocrine disrupting activities (i.e. DDT,
endosulfan). It was determined that exposure to several
pesticides was the cause of the patient’s precocious
puberty, after increased plasma levels were detected in
that of the patient and the parents!!.

Similarly, in Morocco, a five-year-old female presented
to a pediatric endocrine clinic for breast development,
SMR stage 4, as well as SMR stage 1 pubarche (downy
pubic hair). Breast enlargement had been observed
beginning at 4 months of age. Family history was
unremarkable, and the child had no history of
neurological, or behavioral deficits and a an otherwise
normal perinatal developmental experience. On pelvic
ultrasound, the child displayed a uterine axis twice the
normal length, increased ovarian follicles, and 9 mm
diameter follicles, the size associated with ovulation.
Endocrine testing revealed highly elevated estradiol,
FSH, and LH. Gonadotropin stimulation testing resulted in
marked increases in FSH, and moderate elevation of LH,
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and an LH/FSH ratio > 1. Based on these findings, the
child was diagnosed with peripheral precocious puberty.
Though the parents reported no excessive phytoestrogen
intake, it was noted that the patient lived on a farm with
widespread exposure to endocrine-disrupting pesticides.
Per recommendations from the medical providers, the
family moved to a pesticide-free residence. A causal link
between EDC exposure and pubertal symptoms was
established when the patient’s hormonal balance, and
uterine and ovarian ulirasounds normalized after a year
living in the new environment'2,

4. Discussion

This case series highlights multiple deviations from typical
pubertal onset and maturation in response to exposure to
EDCs. Precocious puberty is defined as onset of puberty
before eight years of age in females and nine years of
age in males'2. Precocious puberty may be the
consequence of various factors including improved public
health measures, which may result in improved nutrition
among children. However, exposure to EDCs may account
for earlier onset of puberty in females and males, given
the established actions of these agents in adipose tissue
and on the HPG axis3.

Essential oils, such as lavender, are known to display
estrogenic and antiandrogenic effects in vitro and
possibly in vivo effects, as evidenced by the multiple case
reports demonstrating prepubertal-aged children with
SMR stage 2 development’?8, In addition, components of
herbal teas can also cause individuals to undergo
precocious puberty'0, Pesticides have also been
described to be estrogen receptor agonists as well as
androgen receptor antagonists. In addition to having
estrogenic and antiandrogenic effects, EDCs can also
predispose individuals to obesity, another risk factor for
precocious puberty311,

Rates of exposure to EDCs and other exogenous
chemicals can vary by location, occupation,
socioeconomic status, race, and other factors that
determine quality of living'3. This is evidenced in this
series, as cases of precocious puberty were described in
the United States, China, Turkey, France, and Morocco.

However, there are global efforts in place by the World
Health Organization to develop policies regarding the
use of EDCs and to decrease exposures'4. For example,
some chemicals in pesticides have been banned by the
European Union''.

5. Conclusion

Exposure to EDCs over a lifetime can lead to dysfunction
of the HPG axis and may disproportionately affect those
exposed during infancy and childhood. This study aimed
to highlight case reports of precocious puberty seen in
association to EDCs. Continued research to further
establish the relationship between EDCs and precocious
puberty is necessary to prevent further health disparities
between people of different backgrounds, to improve
public health outcomes, and to promote patient education
and health literacy.
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