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Onset of 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 starts 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 environmental factors on
human puberty. More data on puberty are available for females than for males for several
reasons, including the convenience 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 evolutionary
perspective

Throughout evolution, a trend has emerged to manage the environment so that reproductive
capacity is no longer dependent on factors such as seasonality, the availability of food and
reproductive behaviour. These environmental factors remain crucial throughout most of the
animal kingdom and only man has succeeded in controlling the effect of the environment on
puberty. Therefore, in man, the relative influence of genetic factors on the mechanism of puberty
and reproduction has increased. It is my view that such genetic factors are linked to the
prepubertal restraint of the pituitary-gonadal system. This inhibition shows increased potency
and duration throughout evolution and may account for the long hiatus before puberty develops
in man, compared with most animal species and primates (2).

Environmental factors and puberty in a secular perspective

Human development has tended to accelerate with increasing industrialization, and this has
resulted in a secular trend in the earlier occurrence of menarche (3) and in an increase in adult
height (4). It appears that these phenomena are now attaining a degree of stability in many
countries, such as Japan (5). Recently, some authors have even suggested that the secular
changes in age at menarche have now started to reverse (6). In many developing countries, both
environmental and genetic factors can explain the relatively late and markedly variable age at
onset of puberty, such as is seen in animals in their natural environment (Fig. 1a). In humans in
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industrialized countries, as well as in animals in a laboratory setting, the restraining effect of
environmental factors has been markedly reduced (Fig. 1b). An acceleration of the tempo of
maturation can be demonstrated by raising female rhesus monkeys in conditions of controlled
photoperiod and temperature, compared with those raised in a natural environment (7). Thus,
age at onset of puberty has decreased with improved socio-economic status, and less variation
between individuals is seen (Fig. 1b). The remaining variations between individuals are likely to
result from genetic aspects, including ethnic origin (8). It is remarkable that boys show an
intrinsic tendency to enter puberty late, in contrast with the more common early onset of
puberty seen in girls. Such a difference is also likely to involve genetic factors related to gender;
however, these factors have not been elucidated fully.
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Schematic representation of the secular changes and milieu effect on variations in age at onset of puberty. The curves
represent the distribution of age at onset of puberty, (a) Individuals from a developing country or animals in their
natural environment. Both environmental factors and genetic factors are involved, (b) Individuals from an
industrialized country or animals in a laboratory setting. Genetic factors are primarily involved in the physiological
variations, (c) Individuals from a developed country with pathological disorders related to environmental factors.

The physiological role of environmental factors is rather limited in industrialized countries;
however, these factors have an influence over some disorders of puberty (Fig. 1¢). An obvious
illustration is provided by the early onset of puberty seen in a number of adopted children
(particularly in girls) from developing countries (9, 10). By contrast, a delayed onset of puberty
can result from strenuous physical training such as that undertaken by gymnasts or ballet
dancers, although such a situation may also involve emotional, nutritional and genetic factors
(11-13). Changes in dietary habits, secondary to fear of obesity, can also delay sexual maturation
(14). The pathophysiology of those conditions is complex, particularly concerning the
implications for pubertal growth and adult height (15).
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Mechanism of environmental effects on puberty

In the early 1970s, Frisch and colleagues (16, 17) provided mathematical evidence that a critical
ratio between fat and lean body mass had to be attained before the occurrence of menarche (fat,
22-24% of body weight) and a regular menstrual cycle (fat, 28% of body weight). Their concept
was that fat mass could reflect, as a single parameter, the effects not only of dietary habits but
also of secular changes, such as family size, altitude, physical training and other environmental
aspects (17). Fat mass could, in turn, influence the neuroendocrine control of reproduction
through changes in core temperature and oestrogen concentration or metabolism. On the basis
of the recent discovery of leptin as a specific messenger from adipose tissue to the CNS (18),
future studies on the possible role of such a protein on neuroendocrine systems may provide
some answers. The hypothesis of Frisch has been challenged, however, by several studies
indicating that regular menstrual cycles are observed in athletes with less than 17% body fat; a
similar percentage of body fat is also seen in amenorrhoeic and eumenorrhoeic runners (19).

It appears that the role of the fat integrator may be played by the hypothalamus and the CNS,
which are influenced by various environmental factors. The complexity of the mechanism is
increased by the interactions between the different factors, such as eating and affective
disorders in athletic amenorrhoea (12, 13).

Moreover, attention should always be paid to the genetic factors that may bias some
observations, such as a delayed menarchal age in mothers of gymnasts (20). The study of
environmental effects should not be restricted to age at menarche and regularity of the
menstrual cycle. It has been reported recently that adiposity does not affect age at menarche,
while duration of puberty is shorter in obese girls (21).

The mechanisms by which environmental factors produce an effect are complex. Emphasis has
been placed on neuroendocrine changes, but peripheral effects on gonadal function cannot be
excluded. In man, the most extensively studied mechanism is the pulsatile secretion of
luteinizing hormone (LH), which mirrors hypothalamic GnRH secretion. The inhibitory effect of
short-term fasting on pulsatile LH and sex-steroid secretion is well known; however, a reduction
in LH pulse frequency has also been reported by some authors (22), while others have reported
a reduction in LH secretion per pulse (23). Interestingly, a similar reduction in LH pulse
amplitude has been observed in obese men (24). The neuromediators involved in such effects in
man are still unknown and much information, is provided by animal research in this area (see
Plant, this issue, pages 89-91).

Conclusions

In comparison with their ancestors on either a phylogenetic or a chronological basis, humans
have evolved so that their reproductive capacity is less dependent on the environment. A
physiological variation of 4-5 years in age at onset of puberty remains, which is predominantly
determined by unspecified genetic factors. Environmental factors account for some pathological
deviations of age at onset of puberty.
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