Asagida ingilizce asillarini da iktibas ederek arzettigimiz 6 tibbi makaleden 6zetleyerek,
Dr.Ubeydullah Sahin tarafindan terciime edilen, su 6zet bilgilerin konuya isik tutan tibbi
tesbitler olarak degerlendirilmesini faydali gérdﬁk:ch

1- Puberty and body composition
(Ergenlik ve viicut kompozisyonu)

Olgunlasma ve Ergenlik Olgiitleri

Ergenlik arastirmalarinda temel metodolojik konular, ergenligin ne zaman bagladigini, nasil
ilerledigini ve nasil ol¢lilmesi gerektigini belirlemektir. Yaygin olgunlasma olgitleri, cinsel
olgunlasma gostergelerini (Tanner evreleri ve menars yasi), kemik biylmesi ve epifiz flizyon
Olgulerini (iskelet yasi degerlendirmesi) ve fiziksel bliyimenin isaretlerini igerir.

Cinsel Olgunlagma

Tanner cinsel olgunlasma asamalari, erkek ve kizlarda genital bolgedeki killarin gelisimine,
kizlarda meme gelisimine erkeklerde ise genital gelisime dayanir. Asamalar, ergenlik
oncesinden (1. asama), ergenlik siireci (2-4. asamalar) ve ergenlik sonrasina (5. asama) kadar
ilerler. Evre 2'nin (ergenligin baslangicl) baslangicindaki medyan yas, ¢ocugun olgunluk
ozelliklerine ve cinsiyetine bagh olarak degisir. Ornegin, ABD'deki cocuklar icin, erkeklerde
evre 2'nin baslangicindaki medyan yas, genital gelisim icin 10.03 ve kasik kili gelisimi igin
11.98'dir [30]. Kizlarda evre 2'nin baslangi¢ yasi, meme gelisimi icin 10.38 ve kasik kil gelisimi
icin 10.57'dir [30]. Menars (ilk adet) yasi acisindan 6nemli populasyon farkliliklari vardir.
ABD'de kizlarin mevcut ortalama baslangic yasi 12.43'tlr; Kafkas, Afrikali-Amerikali ve
Meksikali-Amerikali kizlar igin sirasiyla 12.55, 12.06 ve 12.25'dir [31].

2- Puberty: body and mind
(Ergenlik: beden ve zihin)

Ergenlik: Hepsi akilda!

Goguslerin, cinsel organlarin, vicut killarinin gelisimi ve erkek sesinin kalinlagsmasi gibi
ergenligin bircok dis belirtisi, gonadlarin (testisler ve yumurtaliklar) artan aktivitesini yansitir.
Ergenlikte, bu organlar hipofiz bezinden gonadotropin hormonlarinin salgilanmasindaki
artislara yanit verir ve bu da beyindeki kiguk bir 6zellesmis sinir hicresi grubunun artan
etkinliginden kaynaklanir. Dikkat gekici bir ayrinti ise, insan beyninde bu néronlarin 2000'den
azi vardir, bu nedenle insan beynindeki her 100 milyon hiicreden yalnizca biri hipofiz bezini
ergenligi baslatmak icin uyarmakla ilgilenir. Bu hiicreler bunu, gonadotropin hormonlarinin
Gretimini ve salinimini uyaran kicik bir hormon olan gonadotropin salgilatict hormon (GnRH)
salgilayarak yaparlar. Bu az sayida GnRH Ureten néron, ergenligin anahtarini elinde tutar.
Beyin gelisimi sirasinda GnRH néronlari dogru konumlarina ulasamazlarsa, kisi tibbi tedavi
gormeden asla ergenlige giremez - bu durum Kallmann sendromu olarak bilinir.

Dikkat cekici bir husus ise, GnRH sistemi, insan dogum sonrasi yasaminin ilk aylarinda gegcici
olarak etkinlestirilir. Merak uyandiran soru ise, yasamin bu kadar erken doneminde gelisen bu



GnRH sisteminin neden uzun sireli bir durgunluk dénemine girdigi ve daha sonra neden
ergenlige neden olmak igin yeniden etkinlestigidir.

Zamanlama herseydir

Hem cocuklarda ergenligin basladigi yas hem de sirecin tamamlanmasiicin gecen siire bireyler
arasinda buyuk farklhihklar gosterir. "Bulug caginin" genellikle kizlarda erkeklerden daha erken
basladigi kabul edilse de, cinsiyetler arasinda ergenligin digsal 6zelliklerini karsilagtirmak, elma
ve armutlari karsilastirmak gibidir. Altta yatan hormonal degisiklikler oldukca benzer bir yasta
baslar. Kizlarda erkeklerden daha erken meydana gelen, boy uzamasinin ve yagsiz iskelet
blylimesinden yag birikimine gecisle sonuglanan biylime hizinin gercekten hizlanmasidir.
Meme gelisimi ve menstriasyonun baslangici (dénemler), erkeklerde penis ve testis
buyukligindeki degisikliklerden daha agik ve kaydedilebilir oldugundan, populasyondaki
ergenligin zamanlamasi hakkindaki cogu bilgi kizlar icindir.

Avrupa'da menars yasinin (ilk adet donemi) Orta Cag'da yaklasik 14'ten 19. ylzyilin basinda
yaklasik 17'ye ciktigi distinilmektedir, ancak o zamandan beri cogu sanayi tlkesinde belirgin
bir sekilde yaklasik 13'e dismustir. ABD'de 17.000'den fazla ergen kiz Gizerinde yapilan ¢ok
yakin tarihli bir calisma, 6zellikle ortalama menars yasinin 12.2 oldugu Afrikali Amerikali kizlar
arasinda menars yasinin diismeye devam ettigine dair net kanitlar sagladi.

Calisma ayrica, meme gelisimi ve kasik killarinin bliyimesi gibi erken ergenlik belirteclerinin
yasinin, irktan bagimsiz olarak tim kizlarda distigind buldu.

"Beyin metabolik yakitlarin mevcudiyetini dlcebilir ve boylece Giremeyi baslatip baslatmamaya
karar verebilir"

Gida, yag ve dogurganhk
Ergenlik yasi neden distyor?

Son iki ylzyilda disen ergenlik yasi, genel olarak gelismis beslenme ve saglikla iliskilendirilir;
ancak bu, son yirmi yilda yasin neden distigini agiklayabilir mi? Enerji rezervlerinin yag
olarak depolanmasi ve metabolik yakitlarin mevcudiyetinin, memelilerin etkili bir sekilde
Ureme yeteneginde kilit bir belirleyici oldugu agiktir. Beyin, metabolik yakitlarin mevcudiyetini
Olgebilir ve boylece lGremeyi baslatip baslatmamaya karar verebilir. Beyaz yag hicrelerinin
Urettigi leptin hormone ise 6nemli bir sinyaldir. Yag rezervlerinin diisiik olmasi durumunda,
leptin Uretimi dusliktir ve Ureme aktivitesi durur. Yeterli metabolik yakit mevcut olmadigi
sirece ergenlik baslamaz, bu nedenle leptin seviyelerinin ergenlik icin bir "kapi" goérevi
gérdugini dusiinebiliriz. insilin, glikoz ve yag asitleri de dahil olmak lizere beyne eneriji
metabolizmasini isaret eden birgok baska faktér oldugundan, leptin ergenlik icin benzersiz bir
"tetikleyici" degildir.

Cevresel 6strojenler?

Ergenlikte Ostrojen lretimi sadece kizlarda degil erkeklerde de cinsel gelisim icin 6nemlidir.
Ostrojen reseptorlerinin genetik kaybi, erkek memelilerde kisiriga neden olabilir. Viicudun
kendi Ostrojen reseptorlerine miidahale eden cevresel 6strojenlere maruz kalmanin ergenlik
zamanini etkileyebilecegi 6ne slirilmustdr.



Onceki yillarda maruz kalmamis olabilecegimiz, zayif ostrojen benzeri aktiviteye sahip
kimyasallar plastikler dahil birgok malzemenin tretiminde kullaniimaktadir.

Bitki kaynakli 6strojenler, gecmiste diyetimizin bir parcasini olusturmayacak olan soya bazli
Urlinler gibi gidalarda da bulunur. Bununla birlikte, deneysel hayvanlarda ylksek dozda
cevresel oOstrojenlerin Ureme islevini bozdugu gosterilmis olsa da, insanlarin ergenligi
etkilemek icin yeterli seviyelere maruz kaldigina dair dogrudan bir kanit yoktur. Ergenligin
altinda yatan noroendokrin mekanizmanin dogumdan once gelistigi géz online alindiginda,
belki de hamile annenin degisen beslenmesinin veya cevresel 6strojenlere maruz kalmasinin
gelismekte olan fetlisu etkileyip etkilemedigini ve dolayisiyla daha sonraki yasamda ergenlik
zamanlamasini etkileyip etkilemedigi arastiriimalidir.

3- Variation in the timing of puberty: clinical spectrumand genetic investigation
(Ergenlik zamanlamasinda degisiklik: klinik spektrum ve genetik arastirma)

Ergenlik zamanlamasinda degisiklik: Genetik nasil icg6ri saglayabilir?

Ergenligin baslangicini diizenleyen faktorler belirsizligini korumaktadir (9). Kesinlikle ¢cevresel
ve metabolik faktoérler, HPG ekseni ve ergenlik zamanlamasinin kritik diizenleyicileridir.
Bunlarin etkileri, 6nemli genetik kontrol Uzerine bindirilir. Ergenlik zamanlamasinin irksal
gruplar arasinda degistigini, ancak sosyoekonomik etkilere tabi oldugunu godsteren nifus
calismalari da genetik modilasyonu distndirir (10, 24).

Ergenlik baslangici galismasinda, Afrikali-Amerikalilarin ve Hispaniklerin ergenlige beyaz
Amerikalilardan daha erken girdigi biliniyor ve bu nedenle, erken ve ge¢ olgunlasan cocuklara
iliskin basit bir ¢calisma, iki grubun farkl etnik yapisi nedeniyle kafa karistirici olacaktir.

4- Psychosocial milestones in normal puberty and adolescence
(Normal ergenlik ve ergenlikte psikososyal evreleri)

Son tarihsel trendler

1960'larda ergenler, 1970'ler ve 1980'lerdekinden daha olumlu bir psikolojik benlige sahipti.
1960'larin deneklerinin, yillar boyunca incelenen tiim gruplar arasinda ahlak 6lceginde en
yliksek puani almasi blylk ilgi gordl. Bu, bir nesil 6nceki ergenlerin, haleflerinden daha
istikrarli ve iyi yapilandirilmis etik standartlara sahip oldugu seklinde yorumlandi. 1960'larda,
ergenler ayrica 1980'lerdeki akranlarina gore daha iyi dirtli kontrolline ve daha istikrarli ruh
hallerine sahipti.

Su sonuca varildi: 'Verilerimize gére hemen hemen tim farkliliklar, 1960'larin ergenlerinin
daha fazla 6zgilivene sahip oldugunu gosteriyor. Bu verileri li¢ hipotez aciklayabilir: 1970'lerin
ve 1980'lerin normal ergenleri, 1960'lardaki akranlarina gére olumsuz duygulara daha agikti;
1960'lar, 1970'ler ve 1980'lerden daha olumlu 6z duygular Uretti; ve 1960'lardaki



bicimlendirici ergenlik deneyimi, 1970'ler ve 1980'lerdeki benzer ergenlik deneyiminden daha
olumlu benlik saygisi i¢in daha iletkendi.

5- Environmental factors and human puberty
(Cevresel faktorler ile insan ergenligi)

Ergenligin baslangicinin, hipotalamik puls U(reteci tarafindan hipofiz-gonadal sistemin
aktivasyonundan kaynaklandigi distniilmektedir. Bu da gonadotropin salgilatici hormonun
(GnRH) salgilanmasini saglar. Ergenligin baslama yasi kisiden kisiye 4-5 yil degisebilmektedir
(.

Genetik faktorlerin yani sira; Ergenlik cevresel faktorlerden etkilenir. Misal olarak beslenme,
fotoperiyod, hava sicakligi, fiziksel aktivite, stres ve araya giren hastaliklar gibi.

6- Trends in puberty timing in humans and environmental modifiers
(Ergenlik zamanlamasi ve cevresel etkenler)

2. Ergenligin zamanlamasindaki egilimler

Ergenlik baslangicindan 2 yil sonra ortaya ¢ikan gec ergenlik belirteci olan menars yasi, 200 yil
onceki 17 yasindan 1940'larda yaklasik 13 yasina dismistir ve bundan sonra sabit
gorinmektedir. Bu dislsin yasam kosullari, beslenme ve hijyendeki genel iyilesmenin bir
etkisi oldugu distntlmektedir (Parent ve digerleri, 2003). Menars yasinin 30-40 yil boyunca
sabitlenmesinden sonra, yeni bir dislis egilimi meydana gelebilir gibi goriintiyor. Carpici bir
sekilde, meme gelisim yasi belirgin bir sekilde degisirken, menars yasinda ise kiguk
degisiklikler gérilmugtar.
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Abstract

Body composition during puberty is a marker of meta-
bolic changes that occur during this period of growth and
maturation, and, thus, holds key information regarding
current and future health. During puberty, the main com-
ponents of body composition (total body fat, lean body
mass, bone mineral content) all increase, but consider-
able sexual dimorphism exists. Methods for measuring
body composition (e.g. densitometry and dual-energy X-
ray absorptiometry) and degree of maturity will be dis-
cussed in this review. Components of body composition
show age-to-age correlations (i.e. ‘tracking’), especially
from adolescence onwards. Furthermore, adipose tissue
is endocrinologically active and is centrally involved in
the interaction between adipocytokines, insulin and sex-
steroid hormones, and thus influences cardiovascular
and metabolic disease processes. In conclusion, pubertal
body composition is important, not only for the assess-
ment of contemporaneous nutritional status, but also for

being linked directly to the possible onset of chronic dis-
ease later in life and is, therefore, useful for disease risk

assessment and intervention early in life.
Copyright© 2003 S. Karger AG, Basel

Introduction

During puberty, dramatic hormonal fluctuations as
well as a rapid growth in body size occur and are accom-
panied by marked changes in body composition. While
body composition can refer to many different features
and be assessed using different methods, here we focus
primarily on a few body components, including total body
fat (TBF) mass, fat-free mass (FFM) and bone mineral
content (BMC). Other related measures of body composi-
tion include percentage body fat, lean body mass (FFM -
BMC), bone mineral density and total body water. In
addition, body composition in other contexts can be con-
sidered in terms of the masses of various tissues or organs,
body cell mass, fat-free extracellular solids, and extracel-
lular water, as well as by its chemical composition (e.g.
potassium, nitrogen etc.) [1]. Pubertal development in-
volves the chemical maturation of body tissues, including
the amount and distribution of adipose tissue, and in-
creases in bone mass and fat-free lean tissue mass.
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SUMMARY

Puberty is the attainment of
fertility — the ability to reproduce. It
occurs because our brains begin to
secrete one key hormone,
gonadotropin-releasing hormone.
This causes the pituitary gland to
induce maturation of the testis and
the ovary, which then produce sex
steroid hormones and mature
sperm and eggs. We should be
concerned that the age at which
puberty begins is decreasing in
many countries. Puberty starts
when adequate growth and energy
storage has occurred, so the earlier
age of puberty may reflect recent
increases in adolescent obesity
resulting from more sedentary
lifestyles.

Increased activity of GnRH
neurones in the brain (green)
underlies all aspects of puberty,
resulting in reproductive
maturation and sexual awareness.

Neuroendocrinology

Briefings

Puberty: Mind and Body

Puberty: it's all in the
mind!

['he many outward signs of puberty, for
axample development of the breasts
and external genitalia, growth of body
aair and deepening of the male voice,
‘eflect increased activity of the gonads:
‘estes and ovaries. At puberty, these
organs are responding to increases in
secretion of gonadotropin hormones
rom the pituitary gland, and this in
curn results from the increased activity
of a tiny group of specialized nerve cells
n the brain. Remarkably, there are less
‘han 2000 of these neurones in the
quman brain, so only one in every
100 million cells in the human brain
s concerned with stimulating the
dituitary gland to induce puberty. These
zells do this by secreting a small hor-
mone, gonadotropin-releasing hormone
{GnRH), which stimulates the produc-

tion and release of gonadotropir
hormones. This tiny number of GnRH-
producing neurones holds the key tc
puberty. If, during brain development,
the GnRH neurones fail to arrive at theil
correct location, the individual wil
never go through puberty without med-
ical treatment—a situation known as
Kallmann’s syndrome. Remarkably,
the GnRH system is transiently acti-
vated during the first months of humar
postnatal life, at least in boys. The intri-
guing questions are why does this
GnRH system that develops so early
in life then go into a protracted perioc
of quiescence, and why does it subse-
quently reactivate to cause puberty?

Timing is everything

Both the age at which puberty begins ir
children, and the length of time that the
process takes to complete, vary enor-
mously between individuals. Although
‘puberty” is often considered to begir
earlier in girls than boys, comparing the
external features of puberty betweer
the sexes is like comparing apples
and pears. The underlying hormona
changes begin at quite a similar age
It is really the acceleration of growth
velocity resulting in increased heighi
and the transition from lean skeleta
growth to fat deposition that occurs
earlier in girls than boys. Most informa-
tion about the timing of puberty in the
population at large is for girls, as breast
development and onset of menstruatior
(periods) are more overt and recordable
than changes in penis and testicle size ir
boys. In Europe, the age of menarche
(first period) is thought to have
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ABSTRACT

Human puberty begins with the reemergence of GnRH secretion
from its relative quiescence during childhood, activating a cascade of
pituitary-gonadal maturation. This transition begins across a wide
range of ages, and the rate of subsequent sexual maturation can be
quite varied. The factors that regulate the hypothalamic-pituitary-

gonadal axis and modulate the timing of puberty remain elusive, but
it is clear that some regulation is under genetic control. Here, we
discuss how new advances in genetic research may provide the tools
to help unravel this long-standing mystery. (J Clin Endocrinol Metab
86: 23642368, 2001)

UMAN PUBERTY BEGINS with the reemergence of
GnRH secretion from its relative quiescence during
childhood, activating a cascade of pituitary-gonadal matu-
ration. The transition from childhood to the reproductive
competency of adulthood occurs across a wide range of ages
in normal, healthy adolescents. Using clinical assessments
and milestones as indices, the timing of puberty in humans
approximates a normal or gaussian distribution. Several
pathological states that influence the timing of puberty either
directly or indirectly contribute to this splay (Fig. 1), and it
is the first priority of the physician to consider such entities
when faced with a child presenting with disordered puberty.
However, the great majority of the variance in pubertal tim-
ing cannot be attributed to any clinical disorder, even after
extensive investigation. Here, we review variations in the
timing of human puberty and then discuss how new ad-
vances in genetics may further our understanding of the
biology underlying different patterns of sexual maturation.

Maturation of GnRH secretion

Although disorders of puberty may occur secondary to
abnormalities at any level of the reproductive endocrine axis,
variations in the timing of pubertal onset most commonly
stem from differences in the maturational program of GnRH
secretion (Fig. 2; reviewed in Refs. 1 and 2). After a period
of robust GnRH secretion during infancy, the reproductive
axis usually enters a long period of relative, but not absolute,
quiescence until late childhood when pubertal maturation
occurs. Over the last decade, studies have shown that the

Received February 9, 2001. Revision received March 19, 2001. Ac-
cepted March 21, 2001.

Address correspondence and requests for reprints to: Paul A. Bo-
epple, M.D., Reproductive Endocrine Unit, Bartlett Hall Extension 5,
Massachusetts General Hospital, Fruit Street, Boston, Massachusetts
02114.

transition from the childhood quiescence to the adolescent
pattern of GnRH secretion is gradual rather than abrupt.
Animal models that permit direct assessments and human
studies using peripheral levels of LH and FSH as indices of
GnRH activity suggest that hypothalamic neurons are ac-
tively synthesizing and secreting GnRH throughout child-
hood. Using supersensitive immunoassays, small pulses of
GnRH-induced LH and/or FSH secretion have been detected
in normal children as young as 4 yr of age. Throughout
childhood, LH and FSH levels undergo small but progressive
increases until the onset of puberty, when secretion is greatly
accentuated. During puberty, the levels of LH and FSH in-
crease markedly, with predominant nighttime secretion of
early puberty expanding into the daytime hours as well. The
increased mean LH and FSH levels stem from increased
pulse amplitude and possibly from increased pulse fre-
quency, although the latter change is debated and may be
method dependent (for example see Refs. 3-8 and review
Ref. 9). The mechanism(s) underlying the relative suppres-
sion and the subsequent pubertal activation of hypothalamic
GnRH secretion is unknown but of critical importance. Fur-
ther understanding of the maturation of GnRH secretion and
pituitary responsiveness is vital to understanding the mech-
anism(s) behind the broad variation in the timing of puberty.

Early pubertal development and its variants

Given that the great majority of children who begin to
show signs of puberty at a young age have no discernable
underlying pathology, the determination of what constitutes
a “normal” or “precocious” puberty must be based on sta-
tistical considerations and, therefore, cannot escape of an
element of arbitrariness. This determination is now more
difficult than ever in light of the recently published data
about the timing of pubertal maturation in American girls
(10). According to these data, 27% of African-American girls
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Psychosocial Aspects of Pubertal Development
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Psychosocial Milestones in
Normal Puberty and
Adolescence

Puberty and adolescence are not generally times of great stress and turmoil.
The storm-and-stress theory has a long history, but can no longer be supported
by recent empirical research. A modern approach to the psychosocial changes
of these phases is based on the concept of developmental tasks in an age-
appropriate and stage-appropriate way. Biological processes can influence an
individual’s psychological and psychosocial state, but psychological and psy-
chosocial events may also influence the biological systems. Therefore, the tim-
ing and outcome of pubertal processes can be modified by psychosocial fac-
tors. The most important psychological and psychosocial changes in puberty
and early adolescence are the emergence of abstract thinking, the growing abil-
ity of absorbing the perspectives or viewpoints of others, an increased ability
of introspection, the development of personal and sexual identity, the estab-
lishment of a system of values, increasing autonomy from family and more
personal independence, greater importance of peer relationships of sometimes
subcultural quality, and the emergence of skills and coping strategies to over-
come problems and crises. All these changes can be looked on as develop-
mental tasks during normal development, but they can also help in under-
standing developmental deviations and psychopathological disorders. From
the viewpoint of developmental psychopathology, several psychiatric disor-
ders of puberty and adolescence can be seen in a new light.

First, puberty and adolescence can no longer be consid-
ered in terms of the storm-and-stress theory, which sug-

The term ‘psychosocial milestones’ suggests the exis-
tence of defined steps of development or specific abilities
in strict relation to age. Modern empirical research, how-
ever, has demonstrated that this view is no longer ade-
quate, and during the last decade has provided two new
insights into puberty and adolescence.

gests that normal puberty and adolescence is a time of
great stress and turmoil. This model was first proposed by
Hall [1] as an analogy to a German period of literature
called ‘Sturm und Drang’ (storm and stress). This period
of literature (1765-1785) was named after a play of the
same title by Klinger. The storm-and-stress period in Ger-
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SHORT COMMUNICATION

Environmental factors and human puberty

JP Bourguignon
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Onset ol puberty is thought to result from activation of
the pituitary—gonadal system by the hypothalamic pulse
generator, which drives the secretion of gonadotrophin-
releasing hormone (GnRH), The age at which puberty
stants can vary by 4-5 years between individuals (1).
Such heterogeneity has  fascinated generations of
auxologists and endocrinologists, In addition to genetic
factors, puberty is influenced by environmental factors,
such as nutrition. photoperiod, temperature. physical
activity, stress and intercurrent illnesses. The purpose of
this short communication is to highlight the impact and
mechanism of action of environmenial factors on human
puberty. More data on puberty are available for females
than for males for several reasons. including the
convenicnee of using menarche as a marker of puberty,
the high sensitivity of the female axis to external cues and
mobilizable energy. and the relatively more common
occurrence of disorders of nutrition in adolescent girls.

Environmental factors and puberty in an
:volutionary perspective

Throughout evolution. a trend has emerged to manage the
savironment so that reproductive capacity is no longer
Jdependent on factors such as scasonality. the availability
of food and reproductive behaviour. These environmental
actors remain crucial throughout most of the animal
cingdom and only man has succeeded in controlling the
»ffect of the environment on puberty. Therefore. in man,
he relative influence of genetic factors on the mechanism
af puberty and reproduction has increased. It is my view
hat such genetic factors are linked to the prepubertal
-estraint of the pituitary-gonadal system. This inhibition
thows increased potency and duration throughout evolu-
ion and may account for the long hiatus before pubeny
develops in man, compared with most animal specics
nd primates (2},

Environmental factors and puberty in a
secular perspective

Human development has tended to accelerate with
nceeasing  industrialization, and this has resulted in a
iecular trend in the earlier occurrence of menarche (3)

© Scundinavian University Press 1996, [SSN 0803-5326

and in an inceease in adult height (4). It appears that these
phenomena arc now attaining a degree of stability in
many countries, such as Japan (5). Recently. some authors
wave even suggested that the secular changes in age at
menarche have now started to reverse (6). In many devel-
ping countries, both environmental and genetic factors
:an explain the relatively late and markedly variable age
it onset of puberty, such as is seen in animals in their
ratural environment (Fig. la). In humans in industrialized
countries, as well as in animals in a laboratory setting. the
estraining  effect of environmental factors has been
narkedly reduced (Fig. 1b). An acceleration of the tempo
of mawration can be demonstrated by raising female
‘hesus monkeys in conditions of controlled photoperiod
and temperature. compared with thase raiscd in a natural

Environmental Genetic )
factors factors B Both combined
(@)
//’—‘\
(b)
3
5 /
3
z
(©
A
L — / \
Age at onsel of puberty

Fig. . Schematic represemation of the secular changes and milicu
effect on variations in age at onset of puberty. The curves represent
the distribution of age at onset of puberty. (1) Individuals from
a developing country or animals in theie natural environment.
Bath environmentul fuctors and  genetic Tactors ure invalved.
{b) Individuals ftom an industrialized country or animals in a
laboratory setting. Genetic fuctors are primarily involved in the
physiological variations. (¢) Individuals from a developed country
with pathelegical disorders related to eavironmental lactors.
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Secular trends in timing of puberty appear to continue although under-nutrition has not been any longer
a limiting factor for pubertal development. Now obesity and other environmental reasons have been
suspected to cause this trend, and endocrine disrupting chemicals have become into focus as possible
contributors. Epidemiological studies on endocrine disrupters are still scarce and show only weak associ-
ations between exposures and timing of puberty. Since genetic background explains 50-80% of variability
in the timing of puberty, it is not surprising that the observed environmental effects are rather modest
when individual exposures are assessed. Despite that, some exposures have been reported to be associ-
ated to early (e.g., polybrominated biphenyls) or delayed (e.g., lead) puberty. Here we shortly review the
available data on recent trends in timing of puberty and the possible role of endocrine disrupters.
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1. Introduction

A recent decline in onset of puberty in girls was observed in
the US in the mid-1990s, whereas a similar earlier onset of breast
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development are now also seen among European girls with a 15
year delay. Thus, it appears that the development of breast tissue
in healthy girls occurs at younger ages and the incidence of true pre-
cocious puberty seems to be increasing. Such rapid changes must
have environmental causes. Clearly genetic factors may influence
the susceptibility to environmental factors, but such susceptibil-
ity genes are not known at present and clearly cannot account
for the ongoing rapid changes in pubertal timing we are see-
ing. Changes in lifestyle and adverse environmental factors must
therefore be the primary reasons for the downward trend towards



