
Series

1130 www.thelancet.com   Vol 369   March 31, 2007

Adolescent Health 1

Pubertal transitions in health 
George C Patton, Russell Viner

Puberty is accompanied by physical, psychological, and emotional changes adapted to ensure reproductive and 
parenting success. Human puberty stands out in the animal world for its association with brain maturation and 
physical growth. Its eff ects on health and wellbeing are profound and paradoxical. On the one hand, physical 
maturation propels an individual into adolescence with peaks in strength, speed, and fi tness. Clinicians have viewed 
puberty as a point of maturing out of childhood-onset conditions. However, puberty’s relevance for health has shifted 
with a modern rise in psychosocial disorders of young people. It marks a transition in risks for depression and other 
mental disorders, psychosomatic syndromes, substance misuse, and antisocial behaviours. Recent secular trends in 
these psychosocial disorders coincide with a growing mismatch between biological and social maturation, and the 
emergence of more dominant youth cultures. 

Puberty is initiated in late childhood through a cascade of 
endocrine changes that lead to sexual maturation and 
reproductive capability. Human puberty is accompanied 
by major physical growth and substantial brain 
maturational changes, features that are unique in the 
animal world.1 Its consequences for health and wellbeing 
are profound and paradoxical. On the one hand, physical 
maturation propels an individual into adolescence with 
peaks in strength, speed, and fi tness. Yet puberty also 
triggers emotional, cognitive, and behavioural changes. 
Aristotle’s comment that “Youth are heated by nature as 
drunken men by wine” has been echoed through the 
ages. Today, these changes lie behind the increased 
mortality and morbidity from accidental and intentional 
injuries, suicide and mental disorders, substance abuse, 
and eating disorders in young people. 

Puberty 
Puberty begins with the poorly understood activation of a 
complex neuroendocrine network, quiescent since 
neonatal life.2 Sexual maturation (gonadarche) is initiated 
with the pulsatile nocturnal release of gonadotrophin 

releasing hormone from a small number of specialised 
hypothalamic neurones that in turn leads to the pituitary 
release of follicle-stimulating hormone and lutenising 
hormone. The resulting gonadal growth and production 
of gonadal sex steroids bring about the development of 
secondary sexual characteristics.2 

Preceding and independent of the hypothalamo-
pituitary-gonadal axis, the production of adrenal 
androgens increases from around age 6–8 years in a 
process known as adrenarche, unknown in species other 
than human beings and chimpanzees.3 These androgens 
have a role in the development of axillary and pubic hair 
and contribute to the emergence of acne. The evolutionary 
signifi cance of adrenarche is unclear, but evidence 
suggests that its timing might aff ect risk of physical and 
mental health problems.4 

In this paper we will use the term puberty to encompass 
the changes following gonadarche and adrenarche, as 
well as less well-characterised biological changes. These 
include the maturation of the growth hormone-insulin 
like growth factor and thyroid axes that lead to the 
pubertal growth spurt and achievement of adult height, 
maturation of many organ systems, and changes in blood 
lipids, haematological indices, and enzyme systems, 
including liver cytochrome P-450 systems. Changes in 
the regulation of oxytocin and vasopressin are associated 
with altered patterns of social interaction and 
attachment. 

Puberty can therefore be considered as an 
interconnected suite of changes with wide individual 
variations in the sequence and timing of its components.5 
A system of reliable staging of the external signs of 
puberty was developed by Marshall and Tanner in the 
1960s.6,7 The earliest external changes—breast buds in 
girls and enlargement of testicular volume to greater 
than 4 mL in boys—appear at the mean ages of 11·0 years 
and 11·1 years, respectively, in the UK (fi gure 1). Despite 
the similar age of gonadarche in both sexes, these early 
changes have greater visibility in girls than in boys, 
coupled with an earlier onset of the growth spurt. 
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Search strategy

The aims in this review were to consider the role of puberty 
and pubertal timing on the course of pre-existing childhood 
health problems, the initiation of adolescent health 
problems, and risk for illness later in life. We searched the 
MEDLINE, PsychLit, and Embase databases (1996 to 
December, 2005 for each). We used the terms “puberty”, 
“menarche”, and “age factors” in combination with: 
“depression”, “mental disorders”, “substance-related 
disorders”, “child behavior disorders”, “obesity”, “anorexia 
nervosa”, “bulimia nervosa”, “attention defi cit with 
hyperactivity”, “headache”, “migraine”, “asthma”, 
“constipation”, “enuresis”, “asthma”, and “chronic illness”. We 
selected publications from the past 10 years but also included 
commonly cited and seminal papers published earlier.  



Series

www.thelancet.com   Vol 369   March 31, 2007 1131

Menarche, often seen as the defi ning element of female 
puberty, occurs in late puberty, about 2·0–2·5 years after 
breast budding. In boys, no such easy signifi er exists, 
although spermaturia and fi rst ejaculation occur from 
about age 13–14 years. Puberty is generally complete over 
the 2–4 years after gonadarche, but other changes induced 
by sex steroids, including sexually dimorphic patterning 
of fat and muscle, continue throughout adolescence. For 
boys, puberty-initiated physical changes, such as 
androgenic patterns of hair growth and loss, continue 
well into old age.

Pubertal timing 
The 4–5 year variation in age of onset of puberty among 
healthy individuals is a physiological peculiarity of man 
and is observed even where living conditions are similar 
for all members of a group.8 This variation refl ects a 
strong genetic component, with nutrition, psychological 
status, and socioeconomic conditions having additional 
eff ects.8–10 Pathological pubertal delay is most commonly 
associated with chronic illness, stress, and under nutrition. 
Precocity is more commonly reported in females and is 
generally a consequence of premature activation of the 
hypothalamo-pituitary-gonadal axis, sometimes secondary 
to neoplasia.8 It can also arise from autonomous gonadal 
hormone production. Premature adrenarche in girls can 
be a forerunner of the polycystic ovary syndrome and its 
associated metabolic consequences.11

Change in pubertal timing, as indicated by a falling 
mean age of menarche during the twentieth century in 
most developed and developing countries, has attracted 
much attention.8,12 The mean menarcheal age is now 
12–13 years in most developed countries, with minor 
variations.8 This secular trend ceased in most developed 
countries after the 1960s, but concerns were re-ignited in 
the late 1990s with the publication of American studies13,14 
that suggested a sudden fall in the age of onset of puberty 
in girls and boys. A possibility loomed of ever-younger 
children entering puberty, exacerbating the modern 
pattern of young people developing biological 
reproductive capability well before psychosocial maturity.10 
However, little evidence exists to support claims of a 
recommencement of the secular trend outside the USA 
in developed countries.2,8,15,16 Indeed, studies done after 
1960 show a modest increase in menarcheal age in 
northern European countries including the UK, Sweden, 
and Belgium (0·14, 0·05, and 0·03 years per decade, 
respectively).8 Well-observed studies of large Dutch17 and 
Danish12 cohorts show no change in the age of puberty or 
menarche from the 1960s to 1990s, despite a substantial 
increment in height over this period. The published US 
fi ndings might well refl ect selection and misclassifi cation 
bias in studies not specifi cally designed to assess trends 
in pubertal timing.2,15 In short, the mean age of menarche 
seems to have stabilised at around 12–13 years in well-
nourished populations, an age that evolutionary theorists 
suggest is biologically appropriate, because it is about the 

same as that estimated for that of early hunter-gatherer 
Homo sapiens (fi gure 2).10 The much later menarche seen 
in the more recent past may be an artifact of poor 
nutrition as a result of population growth that followed 
agricultural settlement. 

Puberty and adolescent development 
Early adolescent theorists built on Haeckel’s view that 
individual development (ontogeny) recapitulates 
evolutionary development (phylogeny). Puberty was 
typically considered as the trigger to a biologically driven 
phase of inevitable emotional turmoil18 with biology 
driving psychological and social development.19,20 It is 
now clear that broader social processes defi ne 
adolescence, not least because its form varies so widely 
across societies and cultures. In pre-industrial societies 
the adolescent transition from puberty to adult roles, as 
defi ned by the onset of sexual activity, marriage, and 
parenthood, ranged from around 2 years in girls to 4 years 
in boys.10 In today’s developed economies, longer periods 
in education, increased affl  uence, and the availability of 
eff ective contraception means that adolescence commonly 
persists for well over a decade.10 

Current concepts of adolescence typically encompass 
a biological onset at puberty and highly variable social 
transitions that mark its completion. The biological 
processes initiated at puberty interact with the social 
context to aff ect an individual’s emotional and social 
development.21–23 The modern pattern for mature 
reproductive capacity, as well as sexual activity, to 
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Figure 1: Pubertal timing in UK adolescents (1990)
Bars show 75th and 25th centiles for entry into pubertal stages. 
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precede role transitions into parenthood and marriage 
by more than a decade is exceptional in human history 
(fi gure 2).24,25 An accompanying rise in number of sexual 
partners prior to marriage has been linked to changing 
patterns of sexually transmitted diseases. So, too, the 
delay in taking on mature social roles and responsibilities 
in marriage, parenthood, and employment, tied with 
earlier initiation of substance use, has been linked to 
rises in mental disorders and substance abuse in young 
people.26 

Although emotional turmoil is a far from inevitable 
consequence of puberty, there is evidence that puberty 
aff ects early psychosocial development.27 Male individuals 
who reach puberty later than their peers are often less 
assertive and popular.28,29 and late in engaging in sexual 
activity.30 By contrast, early puberty in females is 
associated with emotional and behavioural problems and 
early sexual activity.31 

The eff ects of puberty on behaviour are evident in 
fi ndings from animal studies, particularly in primates. 
They include altered social interactions with peers, 
sometimes accompanied by confl icts with parents as 
well as behaviours characterised by sensation-seeking 
and risk taking.32,33 Pubertal changes in the regulation 
of oxytocin in females and vasopressin in males have 
been linked to social attachment, pair-bonding, and 
parental behaviour across species.34 Such cross-species 
conservation of adolescent typical behaviours35 suggests 
their relevance for reproductive success, perhaps by 
facilitating migration away from genetically related 
adults and building a social network to support 
off spring.36 However, no other species shows the 

complexity of changes in brain seen in humans nor the 
repertoire of behavioural changes. These behavioural 
changes are in turn greatly aff ected by the socio-cultural 
and economic milieu in which humans mature.1 For 
these reasons fi ndings from the study of rodents and 
even non-human primates may be less applicable to 
humans.

Brain changes 
Many brain changes take place during adolescence. 
Some precede and initiate puberty. Others continue for 
around a decade beyond. Yet gonadal hormones aff ect a 
wide range of neuronal processes: neurogenesis, 
dendritic growth, synapse formation and elimination, 
apoptosis, neuropeptide expression, and sensitivity of 
neuro transmitter receptors.37 Sex diff erences in brain 
development during puberty might refl ect the diff erent 
eff ects of male and female gonadal hormones. Frontal 
lobes, which are involved in planning, organising, and 
executive functions, reach a peak thickness at 11·0 years 
in girls and 12·1 years in boys.38 These changes result 
from increased dendritic branching rather than 
increasing neuronal numbers. Similarly, parietal lobe 
grey matter reaches a peak at 10·2 years in girls and 
11·8 years in boys. 

Early studies of the eff ects of gonadal hormones on 
brain function focused on the hypothalamus and other 
regions directly involved in reproduction. Later studies, 
however, also showed eff ects on the hippocampus, 
striatum, cerebellum amygdala, and cerebral cortex. 
Three known oestrogen receptors mediate eff ects on 
cholinergic, noradrenergic, serotinergic, and dopa-
minergic neurotransmitter systems. The functions 
aff ected include cognitive abilities, aggression, aff ect 
regulation, learning, and memory.37,39 

Gonadal hormones aff ect many pubertal changes in 
social interaction, sexual drive, attachment, and 
responses to stressors.39 Animals show an increased 
response of adrenocorticotropic hormone to stress in 
females in early adolescence, a process that is partly 
mediated by ovarian hormones.40 In human beings there 
is also some evidence for pubertal changes in sex-specifi c 
responses to stressors, with men showing greater 
hypothalamic-pituitary-adrenal reactivity to achievement 
challenges and women to social rejection.41 

A range of factors beyond gonadal hormones—genetic 
eff ects, nutrition, and sensory inputs—also seem to be 
involved in pubertal brain changes. Stress during puberty 
and early adolescence may aff ect brain development and 
vulnerability to psychopathologies of diff erent kinds.39 
Conversely, enrichment of the social and learning 
environment in peripubertal rats can reverse many of the 
adverse eff ects of early maternal separation.42 This 
evidence of greater neural plasticity around puberty and 
persisting changes in neural function as a result of early 
adolescent experiences has major implications for health 
promotion.43 
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A possibility that behavioural problems arise because 
of a mismatch between the emotional reactions and 
cognitive capacities of young adolescents has long 
interested clinicians. Early studies of so-called off -time 
puberty commonly cited emotional immaturity, perhaps 
compounded by peer rejection, as the basis of the 
increased emotional and behavioural problems of early 
developers.44,45 The more recent understanding that 
neurodevelopment continues into early adulthood, 
especially in regions linked to regulation of behaviour 
and emotion, has again heightened interest in an idea 
that diffi  culties in emotional and impulse control in 
younger adolescents are the result of brain immaturity. A 
reduction in grey matter in the pre-frontal cortex and 
expansion of cortico-cortical communication continues 
into the third decade of life.46–48 These changes correlate 
with the development of self-control and mature 
judgement, yet continue for more than a decade after 
puberty brings profound emotional and behavioural 
shifts. The importance of this biological gap might now 
be accentuated by later marriage and parenthood, social 
transitions that have historically been linked to maturing 
out of problem behaviours. The clinical relevance is 
evident in the early adolescent rise in deliberate self-
harm, which peaks at around age 15 years in girls. 
Pubertal changes in depressive symptoms, substance 
misuse, and sexual activity are linked to the early 
adolescent increase in self-harm, but advancing age, a 
possible marker of brain maturation, is associated with a 
reduced risk of this problem.49

Chronic physical illness
General paediatric wisdom has maintained that many of 
the commonest childhood conditions, such as asthma 
and other atopic conditions, chronic constipation, and 
primary nocturnal enuresis, remit in early adolescence. 
Children were thought to outgrow these conditions due 
to maturation of the autonomic and central nervous 
systems under the eff ect of sex steroids during puberty.50,51 
However, data to support these clinical assumptions are 
scant. Puberty does not predict remission of asthma, and 
nearly two-thirds of children with chronic asthma have 
persistent symptoms throughout puberty.52 Chronic 
constipation persists into young adulthood in at least a 
third of individuals.53 The prevalence of enuresis declines 
from 10% at age 7 years to 1% at 15 years, but no published 
studies have formally assessed the association between 
enuresis and puberty.54

However, evidence suggests that early puberty is an 
independent risk factor for the persistence of asthma 
into adolescence and severity of asthma in adulthood.55 
The mechanism is unclear, and might refl ect hormonal 
eff ects on reactivity of airways or common environmental 
risk factors for both asthma and early puberty.56 Such 
evidence is not available for enuresis or constipation; 
the only longitudinal study to examine puberty in 
relation to constipation suggests that remission or 

successful treatment was related to neither pubertal 
timing nor status.53

Sex diff erences in chronic physical illnesses alter 
during puberty. The peak age of onset of type 1 diabetes 
is in the early pubertal years in both sexes, possibly due 
to the metabolic demands of growth and to heightened 
insulin resistance during puberty. However, this peak is 
about 2 years earlier in girls than in boys.57 In many other 
autoimmune conditions, such as systemic lupus 
erythematosis, autoimmune thyroid conditions, and 
juvenile rheumatoid arthritis, puberty coincides with a 
rise in prevalence and a marked shift in sex ratio towards 
female.58 A similar shift to female predominance at 
puberty is seen in atopic conditions. These diff erences 
between the sexes might arise from the diff erent eff ects 
of oestrogen and testosterone on the initiation or course 
of underlying autoimmune processes.59–61

Attention defi cit hyperactivity disorder, 
antisocial behaviour, and substance misuse
Until two decades ago, a dominant clinical view was that 
attention defi cit hyperactivity disorder (ADHD) remitted 
during the transition to adolescence. Findings of recent 
studies of children with ADHD at puberty have challenged 
this view. Antisocial behaviour, substance misuse, and 
academic failure become more prominent during 
adolescence in individuals with ADHD, and psycho-
stimulants remain useful in the treatment of adolescents 
with childhood-onset ADHD.62–64 A decrease in the 
proportion of individuals meeting diagnostic criteria for 
ADHD does occur in adolescence as the mean levels of 
hyperactive, impulsive, and inattentive behaviours drop, 
but whether this fall refl ects a fundamental change in the 
underlying disorder is unclear.65 No studies have 
examined the eff ect of puberty compared with age on 
symptoms of ADHD. 

Evidence is more consistent that puberty is linked to 
antisocial behaviour and delinquency, with boys who 
mature early having increased rates of antisocial 
behaviour.66,67 More recent fi ndings have emphasised the 
eff ects of pubertal status rather than age on risk for 
violent crimes, property damage, and precocious sexual 
behaviour.68 This eff ect seems to be more prominent in 
boys with delinquent and antisocial friends, suggesting 
that advancing pubertal stage brings either a change in 
peer group or a greater susceptibility to peer infl uence. 

Substance use and misuse rarely occur before puberty. 
With downwards secular trends in the age of initiation 
for many substances, the early teens now commonly 
herald the onset of substance use and misuse.69–71 
Substance misuse is associated with risky sexual 
behaviour and injuries in teenagers, and strongly predicts 
substance misuse and dependence in adulthood.72 
Puberty was fi rst implicated by the fi nding that girls who 
matured early had increased use of tobacco and 
alcohol.31,70,73 Conversely, late maturation was associated 
with persisting abstinence, a diff erence that continues 
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into young adulthood.74,75 More recent fi ndings indicate 
that pubertal stage holds an association with use of 
tobacco, alcohol, and cannabis that is independent of 
age.76 Links with substance misuse seem to be even 
stronger, with late puberty associated with a three-fold 
increase in rate of such problems.76 The most widely 
accepted explanations for the association of pubertal 
stage and substance use concern altered patterns of 
sensation-seeking or diff erential peer affi  liation with 
substance users, or both, in individuals who reach 
puberty early.75–77 This pattern might be equivalent to the 
increases in novelty seeking, orientation to adult stimuli, 
and sensitivity to social status found in peri-adolescent 
animals.78–80 Since early puberty is not associated with 
increased substance use in adult life, it is possible that 
the association of early puberty with substance use does 
not persist beyond adolescence.81 

Depression and anxiety 
Diff erences between the sexes in internalising emotional 
disorders characterised by depression and anxiety appear 
in early adolescence.82 Such disorders commonly persist 
into adulthood, so that the early adolescent rise in female 
depression largely accounts for the persisting higher 
rates of depression in women than in men throughout 
the reproductive years.83 Evidence of increases in overall 
prevalence in recent decades suggests that sociocultural 
infl uences have a role in development of these disorders 
in adolescence.84

The study of depression in adolescence and any link 
with puberty was overlooked in early epidemiological 
research, partly because adolescent emotional disturb-
ances were seen as transient and universal, and 
depression as a distinct disorder of adulthood. In fact, 
depressive symptoms in girls shift markedly in early 
adolescence so that by the mid-teens, rates of depressive 
disorder are over two-fold higher in girls than in boys.85,86 
Panic attacks are also rare before puberty, but increase 
markedly in girls with pubertal development.87 Early 
explanations emphasised the diff erent consequences of 
puberty with more negative psychological reactions to 
bodily changes or more diffi  cult transitions in social and 
sexual roles in girls than in boys.88 Altered responses of 
post-pubertal girls to adversity, including a propensity to 
ruminate and adopt self-blaming coping styles were 
further possible factors.89–92 Certainly confl ict and an 
absence of closeness with parents, as well as diffi  culties 
in adjustment to secondary school and peer victimisation, 
seemed to be linked to depression in girls.93,94 

Earlier fi ndings showed inconsistent associations 
between gonadal and adrenocortical hormones and 
internalising symptoms in girls, but study power was 
limited in many instances.23,95 With convincing evidence 
that advancing pubertal stage rather than chronological age 
accounts for the early adolescent rise in female depressive 
symptoms, the role of pubertal biological changes again 
came into focus.83,96,97 Changing concen trations of gonadal 

hormones parallel the change in depression across pubertal 
stage independent of altered body morphology, timing of 
pubertal change, or levels of stress.97,98 However, an absence 
of association between depressive symptoms and menarche 
in African-American and Hispanic or Latino young people 
suggests that sociocultural context might be an important 
moderator of the association.99 

A recent fi nding that peak dehydroepiandrosterone 
concentrations predict later major depression in a group at 
high risk because of life events and temperament has 
raised a question about whether pubertal changes in the 
hypothalamic-pituitary-adrenal axis are also implicated in 
the altered risks for depression in early adolescence.100 
Pubertal changes in the regulation of oxytocin and 
vasopressin might also be relevant through promotion of 
heightened need for affi  liation in girls compared with 
boys.101 These physiologically driven processes might then 
interact with genetic, social, and psychological 
vulnerabilities to give rise to depressive symptoms. 
Pubertal changes in aff ective arousal might interact with 
neurobiological development and the loss of social controls 
traditionally associated with earlier marriage and 
parenthood to explain the upsurge in early adolescent 
depression. This early adolescent gap in emotional 
regulation is likely to be particularly acute in social contexts 
characterised by family confl ict, divorce, or peer violence 
and rejection. 

Other mental disorders
Incidence of psychotic disorders markedly increases 
during the post-pubertal years, more evidently in boys than 
in girls. A possibility that puberty stimulates pathological 
brain development in individuals with antenatally acquired 
brain abnormalities underlies neurodevelopmental 
hypotheses of schizophrenia.102 The later age of onset for 
schizophrenia in girls might arise from the diff erent eff ect 
of male and female gonadal hormones on brain 
development.103 Consistent with this hypothesis is the 
observation that early menarche predicts later onset of 
schizophrenic symptoms in females.104 

Eating disorders are rarely seen before puberty and are 
marked by diff erences between the sexes in prevalence 
from early adolescence. Anorexia nervosa is uncommon 
in childhood but rises steeply in early adolescence in girls 
with a peak age of onset around 14 years. Pubertal stage 
seems to be more important than age as a predictor of 
subclinical bulimia nervosa, disordered eating, and 
abnormal eating attitudes.105–107 For this reason, early 
developing girls are more likely to have symptoms of 
eating disorders than are late developers. Speculation has 
centred on the pubertal increase in body fat contributing 
to body dissatisfaction and use of dieting, a major risk 
factor for eating disorders in post-menarcheal girls.108,109 
No association has been reported between anorexia 
nervosa and menarche or other indices of pubertal stage, 
but the power of available studies to fi nd such an 
association has been limited.110 
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Disorders of gender identity typically emerge around 
age 3–4 years, but undergo dramatic shifts across puberty. 
The majority of prepubertal gender identity cases do not 
persist into adolescence. Once past puberty, the likelihood 
of gender dysphoria persisting is high, although some 
further shifts may occur through to late adolescence.111 
Although the cause of gender identity disorder remains 
unclear, it has been suggested that gonadal hormone 
changes at puberty bring completion of a process of CNS 
reorganisation that began in prenatal life.112 However, 
current understanding of the role of puberty in the 
development of gender identity and its disorders are 
limited.

Epilepsy
Frequency of seizures in women with intractable epilepsy 
changes across the menstrual cycle in response to 
changing concentrations of oestrogen, which lowers 
seizure thresholds, and progesterone, which has the 
reverse eff ect.113 These eff ects prompted investigation of 
changes in epilepsy around the time of menarche. 
Retrospective studies of patients with ongoing epilepsy 
suggest that seizures commonly worsened at around 
menarche in girls.114 Some retrospective studies have also 
shown that rates of seizure onset are higher within 
2 years of menarche114,115 but this has not been so in all 
series.116 To date, no prospective study has been done of 
either the course of childhood onset epilepsy or incident 
seizures across pubertal stage. 

Musculoskeletal disorders, pain and somatic 
symptoms
The pubertal growth spurt, which is unique to H sapiens, 
might contribute to musculoskeletal morbidities in 
adolescence. Bone mineral accretion accelerates during 
puberty under the infl uence of gonadal steroids, with 
peak bone mass achieved by the early 20s.117 Delayed 
puberty and low weight during puberty can impair bone 
mineral accretion, leading to osteoporosis and increased 
fracture risk. So-called growing pains are common in 
younger adolescents.118 Major musculoskeletal problems 
such as adolescent idiopathic scoliosis and slipped 
capital femoral epiphysis are linked to peak growth 
velocity during puberty.119,120 Other poorly studied 
conditions seem to have a peak onset around puberty, 
including Scheuermann’s disease, Osgood-Schlatter’s 
disease, and osteochondritis dissecans, which can 
increase risk of chronic musculoskeletal pain in adult 
life.121

Several common pain syndromes begin or worsen in 
early adolescence. Migraine and tension headaches are 
commoner in women than men during the reproductive 
years, a pattern that emerges from around age 11 years 
and is linked to puberty.122–124 The early adolescent 
increase in back, facial, and stomach pains is associated 
with pubertal status in both sexes.125–127 It therefore 
appears that pain, pain perception, or both, are aff ected 

by puberty. Possible mechanisms include physical 
stresses associated with the pubertal growth spurt, a 
heightened attentiveness to somatic symptoms as a 
consequence of rapid physical growth, and heightened 
post-pubertal negative aff ect in girls leading to a greater 
awareness of somatic symptoms.125,128 Gonadal hormones 
may be directly involved in altering pain thresholds, 
consistent with the observation of fl uctuations in pain 
perception throughout the menstrual cycle in adult 
women.129

Obesity, polycystic ovarian syndrome, and 
cardiovascular risk 
Childhood body fat aff ects the timing of puberty in a 
sexually dimorphic pattern, with an association between 
higher body-mass index (BMI) and earlier onset of 
menses in girls.130 A suggestion that rising childhood 
obesity has driven a reduction in the age of puberty in the 
USA131 seems unlikely, since increasing childhood obesity 
has not brought change in the timing of puberty 
elsewhere.132,133 Whereas boys with higher BMI are more 
likely to have pubertal delay,134 in girls obesity is associated 
with earlier adrenarche and puberty, and with early 
development of polycystic ovarian changes.135 The features 
of polycystic ovarian syndrome commonly emerge 
around menarche and include hyperandrogenism, 
menstrual irregularities, an elevated ratio of luteinising 
hormone to follicle-stimulating hormone, and polycystic 
ovaries on sonography. This syndrome is the commonest 
cause of female infertility and is strongly linked with the 
metabolic syndrome and with premature and excessive 
mortality in the long term.136 The emergence of polycystic 
ovarian syndrome during pubertal transition is thought 
to be related to maturation in the pattern of luteinising 
hormone secretion, and the typical pubertal increase in 
insulin resistance.11 

Pubertal timing seems to aff ect cardiovascular risk 
separately from BMI. Women who report early menarche 
have an increased BMI in adolescence and adulthood 
independent of childhood BMI.137 Some evidence exists 
of a similar association in men.138 Blood pressure and 
lipid profi les seem to be more strongly associated with 
pubertal stage than with age and body size during 
adolescence, so that in boys early puberty leads to an 
earlier transition to male lipid patterns.139 Intriguingly, 
individuals with advanced puberty at age 15 years in the 
1946 British birth cohort study140 had a mean adult blood 
pressure 6·4 mm Hg higher than that of individuals with 
minimal or no signs of puberty at that age. It is unclear 
whether this association refl ects diff erent pre-existing 
biological risks or diff erences in health-risk behaviour in 
those with early puberty. 

Cancer 
Early puberty has been linked to cancer in later life through 
several mechanisms. Longer duration of exposure to 
gonadal steroids might increase the risk of steroid-
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dependent cancers such as breast141 and ovarian cancer142 in 
women, and possibly prostate cancer in men.143 Increased 
rates of obesity in early developers might heighten oxidative 
stresses (hyperglycaemia, hyperleptinaemia, increased 
lipid concentrations in tissue, inadequate antioxidant 
defenses, increased rates of free radical formation, 
enzymatic sources within the endothelium, and chronic 
infl ammation) that raise risks for a range of cancers.144 
Hyperinsulinaemia might also promote cell growth to 
increase risks for colon cancer.145 There is also a possibility 
that behaviours associated with cancer, including smoking 
and poor diet, might diff er in those with early puberty, thus 
aff ecting future risks of the disease. 

Conclusions and implications 
Human puberty probably evolved its unique qualities to 
ensure that an individual possessed the necessary 
physical, emotional, and social qualities to ensure 
successful mating and parenting in primitive social 
groups. Those characteristics included rapid physical 
development and a readiness to develop attachments 
outside the immediate family group. The social context 
of modern industrialised society diff ers greatly from 
what prevailed during human evolutionary history. A 
delay in social role transitions into marriage and 
parenthood has occurred at a time when a more dominant 
youth culture, likened to a “super-peer”, has had a 
profound infl uence on the lifestyles of youth.146 To the 
extent that industries from entertainment and fashion to 
food market through youth culture, so too they will have 
a major infl uence on youth lifestyles that in turn will 
aff ect health in later life. 

Despite this growing recognition that puberty is a 
phase of high risk for many health problems, preventive 
work has often had a narrow focus around themes such 
as the initiation of substance use or risky sexual 
behaviours. Yet the potential of such work seems much 
greater, particularly around promotion of mental health. 
Puberty occurs at a time of neural plasticity, where the 
eff ects of earlier adversity may be ameliorated and where 
experience may shape brain development and later 
emotional functioning. Major gaps remain in our 
knowledge of important areas such as the relationship 
between puberty and CNS development. Pubertal 
hormones have a demonstrable eff ect on neuronal 
function, but whether puberty and cortical maturation 
merely co-occur temporally or are causally related 
remains unclear. This question might be relevant for the 
prevention of mental disorders in adolescence and 
clinical intervention for childhood emotional and 
behavioural problems that may or may not persist into 
adolescence. 

The modern mismatch between biological and social 
maturity is of great signifi cance for health and reproductive 
success. A prolonged adolescence, shaped by powerful 
socioeconomic forces, has seen new health problems 
emerge.26 For young people without strong family and 

educational connections, puberty is a high risk period 
which can mark the beginning of a fast-track to adulthood 
with early transitions into sexual activity and school 
leaving as well as the development of psychiatric and 
substance use disorders. The health consequences for 
groups such as young off enders may be devastating.147 
Maintaining strong links to family and school will remain 
a cornerstone of promoting adolescent health social 
development. Yet success in promoting adolescent health 
might ultimately rely on the extent to which we can 
integrate the gains of the 20th century for young people, 
in terms of education and economic prosperity, with 
opportunities to assume adult roles closer to the age at 
which they are biologically equipped to do so. 
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