
There has been great recent media

interest internationally in claims

that puberty is occurring at younger

ages, particularly in girls. Pundits ex-

trapolate the plunging graphs of the

secular trend in menarche downwards

into infancy, postulate epidemics of child

sexual experimentation, and bewail the

loss of innocence of childhood.

Until recently, most of this debate

centred on evidence from the United

States, particularly the conclusions of a

large national study of puberty in girls

published in 1997 by Herman-Giddens

and colleagues.1 The evidence was suffi-

cient for the US Lawson Wilkins Pediat-

ric Endocrine Society to recently revise

downwards its suggested age for investi-

gation of precocious puberty in girls,2

although this has been contentious.3

Suggestions that puberty was occurring

earlier received strong support from lay

opinion in the UK, particularly from par-

ents and teachers.4 Further energy was

given to the debate by the release of

unpublished observations from the Avon

Longitudinal Study of Parents and Chil-

dren (ALSPAC, also known as Children

of the Nineties) that approximately one

in six 8 year old girls had either breast

buds or some pubic hair (personal

communication, Jean Golding; http://

www.ich.bris.ac.uk/alspacext/

Default.html).

However, such claims have been met

with some scepticism within the field of

paediatric endocrinology.3 Although

some clinicians report seeing more cases

of precocious puberty than a generation

ago, single observer longitudinal studies

of puberty show there has been little if

any change since Tanner and Marshall’s

original work over 30 years ago.5 6 The

well known graphs of the secular trend

in age of menarche from the late

nineteenth century seem to invite pro-

jections of an ever earlier age of puberty.

But it is clear that in developed countries

the secular trend has leveled off in the

past 40 years. Indeed, there is some

evidence that the average age of me-

narche may be rising again in some

countries.7 8

TRADITIONAL CONCEPTS OF
PUBERTY
Our concept of the onset of normal

puberty has been traditionally defined by

Tanner and Marshall’s observation that

the first signs of puberty appear between

the ages of 8.5 and 13 years in 95% of

girls.9 The study sample was 192 white

British girls of primarily lower socioeco-

nomic status who were cared for in a

residential home. The early signs of

puberty described by Tanner and Mar-

shall are the appearance of a breast bud

(indicating oestrogenic activity) and a

small amount of fine pubic hair around

the labia (indicating androgenic activ-

ity). In Marshall and Tanner’s study,

around 2.5% of girls developed breast

buds or some pubic hair below 8.5 years.

Thus standard paediatric endocrinologi-

cal practice has been to define precocious

puberty requiring investigation as signs

of puberty under 8 years in a girl (and

under 9 years in boys).10

These standards were largely unchal-

lenged on both sides of the Atlantic until

recently, although it was widely ac-

knowledged that definitions based on

white British girls resident in children’s

homes might not have been the most

appropriate for modern ethnically di-

verse populations. However, more recent

studies from the 1980s, in both the

USA11 and Britain,5 6 seemed to confirm

Marshall and Tanner’s original data.

Let us then look at the evidence, for

the truth cannot be in the middle.

THE EVIDENCE FOR EARLIER
PUBERTY
Claiming there was a lack of “up to date,

geographically relevant standards”,

Herman-Giddens and colleagues at-

tempted a national study of pubertal

characteristics using a novel

methodology.1 Two hundred and twenty

five paediatricians from 65 primary care

practices were recruited across the USA

through the American Academy of Pedi-

atrics Pediatric Research in Office Set-

tings Network. The participating physi-

cians were trained in Tanner staging by

visual inspection through mailed stand-

ardised text and photographs. Physicians

were tested for competency, and kappa

statistics showed adequate inter-rater

agreement. Subjects were girls from 3 to

12 years who presented to the practices

for any complaint that might require a

physical examination or for routine well

child checks. Data were obtained on

17 077 girls over one year, of which 9.6%

were African-American. Below age 6
years, very few white or African-
American girls were reported to have any
signs of sexual maturation. At age 7
years, 27.2% of African-American girls
and 6.7% of white girls had evidence of
breast or pubic hair development, in-
creasing to 48.3% and 14.7% respectively
at 8 years. This is dramatically greater
than the 2.5% one would expect from the
Tanner and Marshall data.

Interestingly, Herman-Giddens and
colleagues did not identify a change in
the age of menarche in white girls,
reporting a mean age of menarche of
12.88 years compared to 12.8 years as the
previously accepted mean.12 The age of
menarche had decreased only slightly in
African-American girls, being 12.16
years in the recent study compared to
12.52 years in previous datasets.13 The
observation of earlier signs of breast and
pubic hair changes, together with the
lack of change in the age of menarche,
led the authors to suggest that the proc-
ess of puberty itself may be lengthening.

The other main body of evidence for
an earlier age of puberty in girls comes
from as yet unpublished information
from the ALSPAC study in the UK, which
suggests that at age 8 years, approxi-
mately 1 in 6 girls (18%) had reached
stage 2 breast or pubic hair development
(personal communication, Jean Gold-
ing). This accords with the observation
from Herman-Giddens and colleagues
that 14.7% of white girls aged 8 years
had reached stage 2 breast or pubic hair
development (the ALSPAC cohort under
represents ethnic minorities, being
drawn from the Avon region of the UK).

Supporting evidence for a lowering of
the age of puberty comes from reports
from teachers and parents that they are
seeing changes in girls at a younger age.
Teachers’ representatives believe strongly
that more girls are starting their periods
in the top year of primary school than
was the case 10 or 20 years ago.4

One important issue is the lack of bio-
logical plausibility for a lowering of the
age of puberty, particularly when
Herman-Giddens and colleagues’ study
agrees that the age of menarche has
shifted not at all in whites and mini-
mally in African-Americans. Candidate
explanations have focused on environ-
mentally derived oestrogens and rising
levels of obesity, although there is no
supportive evidence for either of these
suggestions, particularly as to why they
should affect the tempo of puberty as
well as the timing.

Problems with the evidence for
earlier puberty
The conclusions from the British data
must be treated with caution because of
possible observer bias. The ALSPAC study
obtained data on pubertal status at age 8
years by mailed questionnaires to moth-
ers and daughters. The response rate has
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not been published and cannot be
assumed to be sufficient to draw any
conclusions from. The questionnaire
contained line drawings and one sen-
tence descriptions of each pubertal
stage. There has been no published vali-
dation of maternal report of pubertal
status against physician ratings. At-
tempts have been made to validate self
report of pubertal stage by adolescents,
but findings vary.14 15 A recent study
which used the same line drawings as
did ALSPAC, and was conducted in
paediatric endocrine clinics where physi-
cian rating is routine and highly consist-
ent, found that while 88% of children self
rated to within 1 Tanner stage for pubic
hair, only 49% correctly identified their
pubic hair stage.16

The key issue for us is the accuracy of
reporting the transition from stage 1
(prepubertal) to stage 2 for either breast
or pubic hair development. Other studies
have found that younger children tend to
overestimate their development while
older adolescents tend to underestimate
it.14 This was reflected in the Taylor et al
study16 where the direction of error for
the difference between stage 1 and 2 for
both pubic hair and breast development
was for children to markedly over-rate
themselves as pubertal when they were
not. Thus the direction of error in
ALSPAC was likely to have been towards
over-reporting of early pubertal changes
by mothers and daughters. A further
possible bias in the same direction was
introduced by the instructions for the
ALSPAC questionnaire notifying moth-
ers that body changes could happen as
early as 6 years of age.

Methodological problems with the
cross-sectional study undertaken by
Herman-Giddens and colleagues include
both selection bias and observer bias.
Cross sectional studies provide limited
data on longitudinal processes such as
pubertal development,17 although the
cross sectional status quo methodology
is well accepted for calculation of median
age of menarche.18 The study was not
population based and included many
subjects who presented for clinical prob-
lems that may have included endocrine
abnormalities. Additionally, those who
presented for well child checks may have
included many who had concerns about
their child’s physical development. Of
greater concern, almost 1000 girls of the
original 18 549 had missing data and
were excluded from analysis, although it
is unclear in what direction this would
bias findings. The authors acknowledge
that selection bias was possible but claim
that their large sample size (over 17 000)
allows them to generalise their
results—a surprising and statistically
dubious claim.

Previous studies of puberty in the UK
have used one or two highly trained
expert observers to minimise interob-

server error.6 19 The Herman-Giddens

study used multiple self selected observ-

ers who were not experienced in assess-

ing the pubertal status of large numbers

of children. While the authors made

attempts to control for bias by training

and testing their observers, and quoted

acceptable kappa statistics for inter-rater

reliability, it is likely that the direction of

observer bias in this study is similar to

that of mothers and children noted

above—that is, over-rating any doubtful

cases as stage 2 rather than stage 1. This

is particularly so in a study that was

clearly set up because of concerns about

a lowering of the age of pubertal

changes—concerns that would have

been transmitted to the participating

physicians.

It is possible that the assessment of

breast development on inspection alone

without palpation may have resulted in

an over-rating of obese prepubertal girls

as breast stage 2, particularly given the

rising incidence of obesity in the USA.

Both inspection and palpation of breast

tissue was undertaken in 39% of girls in

the study, and 15% of those rated as stage

2 by inspection were found to be stage 1

by palpation (communication from au-

thors, published in Kaplowitz and Ober-

field2). This misclassification was the

same in girls in the highest and lowest

body mass index quartiles, suggesting

that it is not fatty pseudobreasts that are

at issue, but rather that visual inspection

alone overestimates breast development

at the transition from Tanner stage 1 to

stage 2.

THE EVIDENCE FOR STABILITY IN
THE AGE OF PUBERTY
The strongest arguments that there has

been no change in the age of puberty

come from detailed longitudinal studies

of puberty, and from general agreement

that the secular trend in age of menarche

ceased in the UK and USA four decades

ago. The most recent expert observer

longitudinal studies of the age of pu-

berty in the UK, undertaken through the

1980s,5 6 show that there has been almost

no change in age of onset of puberty or

progress through puberty for girls or

boys since Tanner and Marshall’s study

in the 1960s. In the USA, recent studies

of puberty in boys and girls suggest that

the timing of pubertal development has

changed little, if at all, since the Tanner

and Marshall studies.11 20 21

As a single discrete event not subject

to observational errors, age of menarche

as determined by status quo or longitu-

dinal methods is regarded as the gold

standard for assessment of maturity in

female populations. There is universal

agreement that there has been no fall in

the age of menarche in the USA, UK, and

most developed countries for four

decades.8 11 22 Estimates of age of me-

narche published within the past year
are 12.9 years in the UK,23 and in the
USA, 12.7 years for white girls and 12.0
years for black girls.20

Interestingly, Herman-Giddens and
colleagues’ data confirmed this yet
again—suggesting that their method-
ology was more appropriate for the
determination of age of menarche than
for the timing of the beginnings of
puberty.

CONCLUSIONS
Evidence from two large but methodo-
logically flawed studies suggests that
there has been a lowering of the age at
which we first see pubertal development
in girls. Balanced against this is an
extremely strong consensus that there
has been no change in the most robust
indicator of puberty (age of menarche),
and evidence from smaller but methodo-
logically sound single observer studies
that there has been no change. The
methodologically more robust menarche
data from the Herman-Giddens and col-
leagues study also support the “no
change” position. Thus the balance of
evidence clearly suggests that there has
been no change in the timing or the
tempo of true puberty.

A further major problem with the
hypothesis of earlier pubertal changes is
the lack of biological plausibility for a
lengthening of the pubertal process,
given the rock solid evidence for no
change in age of menarche. The mecha-
nisms for activation of the gonadostat
are not well understood, but involve
genetic, nutritional, central, and possibly
environmental factors.24 It is well recog-
nised that the timing and tempo of
puberty in an individual are separate
concepts, and the length of puberty can
vary from two to four years in duration.
The pubertal process may be lengthened
by factors known to delay puberty that
begin to operate after the initiation of
puberty—these include malnutrition,
chronic illness, partial gonadotrophin
deficiency, gonadal failure, severe psy-
chosocial stress, and excessive exercise.24

However, it is difficult to postulate
factors that may lengthen puberty at a
population level.

What then is being reported by par-
ents, teachers, US primary care paedia-
tricians, and mothers of the ALSPAC
cohort? The first answer lies in observer
error—the over interpretation of small
amounts of fine hair on the pubes and
the over-rating of breast development by
inexperienced raters. This almost un-
doubtedly has occurred in both studies
because of methodological inadequacies.

The second answer is that what is
being reported is previously unrecog-
nised levels of premature adrenarche
(isolated pubic hair development) and
premature thelarche (isolated breast de-
velopment). It is important to note that
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breast development and pubic hair de-

velopment in girls are biologically sepa-

rate processes that are usually, but not

inherently, congruent in timing or

tempo. Isolated breast development and

isolated pubic hair development become

apparent when the timing of the two

processes is sufficiently different to be

noted by observers. Because of this, it is

erroneous and misleading to lump to-

gether breast stage 2 and pubic hair

stage 2 as a unified “Tanner stage 2” or

“early puberty”. Neither alone is fully

sufficient to consider that puberty is

occurring.

Isolated breast or pubic hair develop-

ment are separate from true puberty, and

(in their classic form) are not associated

with acceleration of growth or other sec-

ondary sex characteristics. There are no

population based studies of the preva-

lence of either condition, but premature

adrenarche is more common in black

and Hispanic girls and those of Mediter-

ranean origin.25 Premature development

of both pubic hair and apparent breast

tissue are also associated with obesity,25

which may explain a rising prevalence of

both conditions in populations in devel-

oped countries.

What now is needed?
In spite of the balance of evidence being

against a lowering of the age of puberty,

such beliefs are becoming widespread.

New longitudinal studies of puberty and

growth, using a small number of highly

trained observers, are needed to robustly

determine whether change is occurring.

Such studies are expensive, but may also

allow us to identify possible changes in

the population prevalence of premature

thelarche and adrenarche. The identifi-

cation of premature adrenarche may be

particularly important in the light of

recent links to later ovarian hyperandro-

genism, polycystic ovarian syndrome,

and insulin resistance.26

PRACTICAL ADVICE FOR THE
MANAGEMENT OF SUSPECTED
PUBERTAL CHANGES IN YOUNG
GIRLS
In the absence of strong evidence for

lower norms for sexual development in

young girls, we should adhere to previ-

ous recommendations that a girl under 8

years and a boy under 9 years with any

signs of sexual development should be

seen by a paediatric endocrinologist for

assessment. This is in conflict with the

recent recommendations of the Ameri-

can Lawson Wilkins Pediatric Endocrine

Society, who suggest that investigation

should only be undertaken if breast or

pubic hair changes are seen before age 7

in white girls and before age 6 in black

girls.2

The purpose of investigations for early

sexual changes is to differentiate be-

tween relatively benign conditions such

as premature thelarche or adrenarche,

and those that are more serious—such as

idiopathic precocious puberty; brain,

gonadal, or adrenal tumour; or congeni-

tal adrenal hyperplasia. It is certainly

true that, particularly in girls, onset of

pubertal development after the age of 6

is relatively benign and unlikely to affect

final height.27 However, it remains inap-

propriate for children with signs of

sexual development under these ages to

be dismissed as merely early developers.
Thanks are extended to Mike Preece, Peter
Hindmarsh, Tim Cole, Caroline Brain, and
Mehul Dattani for helpful advice.

Arch Dis Child 2002;86:10–12

. . . . . . . . . . . . . . . . . . . . .
Author’s affiliations
R Viner, Middlesex Hospital, Mortimer Street,
London W1T 3AA, UK; R.Viner@ich.ucl.ac.uk

REFERENCES
1 Herman-Giddens ME, Slora EJ, Wasserman

RC, et al. Secondary sexual characteristics
and menses in young girls seen in office
practice: a study from the Pediatric Research
in Office Settings network. Pediatrics
1997;99:505–12.

2 Kaplowitz PB, Oberfield SE. Reexamination
of the age limit for defining when puberty is
precocious in girls in the United States:
implications for evaluation and treatment.
Drug and Therapeutics and Executive
Committees of the Lawson Wilkins Pediatric
Endocrine Society. Pediatrics
1999;104:936–41.

3 Rosenfield RL, Bachrach LK, Chernausek SD,
et al. Current age of onset of puberty.
Pediatrics 2000;106:622–3.

4 Coleman J. Puberty: is it really starting
earlier? Young Minds Magazine
1998;unpaged.

5 Preece MA, Camerson MA, Donmall MC. The
endocrinology of male puberty. In: Borms J,
Hauspie RC, Sands A, et al. Human growth
and development. New York: Plenum,
1984:23–37.

6 Ratcliffe SG, Butler GE, Jones M. Edinburgh
study of growth and development of children
with sex chromosome abnormalities. IV. Birth
Defects Orig Artic Ser 1990;26:1–44.

7 Hauspie RC, Vercauteren M, Susanne C.
Secular changes in growth and maturation: an
update. Acta Paediatr Suppl 1997;423:20–7.

8 Cole TJ. Secular trends in growth. Proc Nutr
Soc 2000;59:317–24.

9 Marshall WA, Tanner JM. Variations in
pattern of pubertal changes in girls. Arch Dis
Child 1969;44:291–303.

10 Bridges NA, Brook CDG. Disorders of
puberty. In: Brook CDG, ed. Clinical
paediatric endocrinology. Oxford: Blackwell,
1995:253–73.

11 Roche AF, Wellens R, Attie KM, Siervogel
RM. The timing of sexual maturation in a
group of US white youths. J Pediatr Endocrinol
Metab 1995;8:11–18.

12 Harlan WR, Harlan EA, Grillo GP.
Secondary sex characteristics of girls 12 to 17
years of age: the U.S. Health Examination
Survey. J Pediatr 1980;96:1074–8.

13 MacMahon B. Age at menarche: United
States, 1973. National Center for Health
Statistics: DHEW publication (HRA),
1974:74–1615.

14 Schlossberger NM, Turner RA, Irwin CE.
Validity of self-report of pubertal maturation in
early adolescents. J Adolesc Health
1992;13:109–13.

15 Brooks-Gunn J, Warren MP, Rosso J,
Gargiulo J. Validity of self-report measures of
girls’ pubertal status. Child Dev
1987;58:829–41.

16 Taylor SJ, Whincup PH, Hindmarsh PC, et al.
Performance of a new pubertal self-assessment
questionnaire: a preliminary study. Paediatr
Perinat Epidemiol 2001;15:88–94.

17 Frongillo EA Jr, Rowe EM. Challenges and
solutions in using an analyzing longitudinal
growth data. In: Johnston FE, Zemel B, Eveleth
P, eds. Human growth in context. London:
Smith-Gordon, 1999:51–64.

18 Eveleth P. Assessment of age at menarche.
In: Ulijaszek SJ, Johnston FE, Preece MA, eds.
The Cambridge encyclopaedia of human
growth and development. Cambridge:
Cambridge University Press, 1998:62.

19 Marshall WA, Tanner JM. Growth and
physiological development during
adolescence. Ann Rev Med
1968;19:283–300.

20 Biro FM, McMahon RP, Striegel-Moore R, et
al. Impact of timing of pubertal maturation on
growth in black and white female adolescents:
The National Heart, Lung, and Blood Institute
Growth and Health Study. J Pediatr
2001;138:636–43.

21 Biro FM, Lucky AW, Huster GA, Morrison JA.
Pubertal staging in boys. J Pediatr
1995;127:100–2.

22 Eveleth P, Tanner J. Worldwide variation in
human growth. Cambridge: Cambridge
University Press, 1990.

23 Whincup PH, Gilg JA, Odoki K, et al. Age of
menarche in contemporary British teenagers:
survey of girls born between 1982 and 1986.
BMJ 2001;322:1095–6.

24 Hopwood NJ, Kelch RP, Hale PM, et al. The
onset of human puberty: biological and
environmental factors. In: Bancroft J, Reinisch
JM, eds. Adolescence and puberty. New
York: Oxford University Press, 2001:29–49.

25 Dimartino-Nardi J. Premature adrenarche:
findings in prepubertal African-American and
Caribbean-Hispanic girls. Acta Paediatr Suppl
1999;88:67–72.

26 Ibanez L, Dimartino-Nardi J, Potau N,
Saenger P. Premature adrenarche—normal
variant or forerunner of adult disease?
Endocrinol Rev 2000;21:671–96.

27 Kletter GB, Kelch RP. Clinical review 60:
effects of gonadotropin-releasing hormone
analog therapy on adult stature in precocious
puberty. J Clin Endocrinol Metab
1994;79:331–4.

10 LEADING ARTICLE

www.archdischild.com

http://adc.bmj.com

