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Abstract—Early puberty in girls, clinically referred to as 

precocious or early-onset puberty, has emerged as a 

significant public health concern worldwide. Over recent 

decades, there has been a noticeable decline in the 

average age of pubertal onset, particularly marked by 

earlier breast development and menarche. This shift has 

drawn attention to the complex interplay of biological, 

lifestyle, environmental, and psychosocial factors 

influencing hormonal regulation during childhood. 

Puberty is primarily governed by the hypothalamic–

pituitary–gonadal (HPG) axis, which is highly sensitive 

to both internal metabolic cues and external 

environmental stimuli. Increasing evidence suggests that 

lifestyle-related factors such as childhood obesity, dietary 

patterns, physical inactivity, exposure to endocrine-

disrupting chemicals, and psychosocial stress can 

significantly influence the timing of pubertal initiation. 

Hormonal mediators including leptin, insulin, estrogen, 

and cortisol, play a central role in translating lifestyle 

and environmental signals into neuroendocrine 

responses that may accelerate pubertal development. 

Early puberty has been associated with a range of 

adverse outcomes, including metabolic disorders, 

cardiovascular disease, hormone-related cancers, and 

psychological challenges such as anxiety, depression, and 

low self-esteem. Given its multifactorial etiology, early 

puberty cannot be attributed to a single cause but rather 

reflects cumulative exposures beginning in prenatal life 

and continuing through early childhood. This article 

reviews the physiological basis of puberty, examines the 

role of lifestyle and hormonal factors in early pubertal 

onset among girls, discusses health and psychosocial 

implications, and highlights preventive strategies and 

future research directions. Understanding these 

mechanisms is essential for developing effective public 

health interventions and promoting healthy growth and 

development in girls. 

 

 

 

 

I. INTRODUCTION 

 

Puberty represents a crucial developmental milestone 

characterised by profound physical, hormonal, and 

psychological changes that transform a child into a 

biologically mature individual capable of 

reproduction. In girls, puberty typically begins 

between 9 and 13 years of age, marked initially by 

thelarche (breast development), followed by pubarche 

(appearance of pubic hair), a rapid growth spurt, and 

finally menarche. However, in recent decades, a 

growing body of evidence indicates a global trend 

toward earlier onset of pubertal events in girls, raising 

concerns among clinicians, researchers, parents, and 

educators. 

Early puberty, commonly defined as the onset of 

secondary sexual characteristics before the age of 8 

years in girls, is no longer considered a rare 

phenomenon. Epidemiological studies from both 

developed and developing countries report declining 

ages of breast development and menarche. While 

genetic predisposition plays an important role in 

determining pubertal timing, genetic factors alone 

cannot explain the rapid secular trend observed over 

just a few generations. This has prompted extensive 

investigation into modifiable environmental and 

lifestyle influences that may interact with endocrine 

pathways. 

The physiological initiation of puberty is orchestrated 

by the activation of the hypothalamic–pituitary–

gonadal (HPG) axis. During childhood, this axis 

remains relatively quiescent. Puberty begins when the 

hypothalamus resumes pulsatile secretion of 

gonadotropin-releasing hormone (GnRH), stimulating 

the pituitary gland to release luteinizing hormone (LH) 

and follicle-stimulating hormone (FSH). These 

gonadotropins act on the ovaries to promote estrogen 
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production, follicular maturation, and the development 

of secondary sexual characteristics. This finely 

regulated system is influenced by nutritional status, 

energy availability, metabolic hormones, stress, and 

environmental exposures. 

Lifestyle changes associated with modernisation, 

including increased consumption of energy-dense 

foods, reduced physical activity, increased screen 

time, and rising rates of childhood obesity, have 

significantly altered the metabolic environment in 

which children develop. Adipose tissue is now 

recognised not merely as an energy store but as an 

active endocrine organ capable of secreting hormones 

such as leptin and adipokines, which influence 

reproductive maturation. Parallel to these changes, 

widespread exposure to endocrine-disrupting 

chemicals (EDCs) found in plastics, pesticides, 

cosmetics, and industrial products has raised concerns 

about their estrogen-like effects on the developing 

endocrine system.  

Beyond biological and environmental influences, 

psychosocial factors also play a role. Chronic stress, 

family instability, and adverse childhood experiences 

have been linked to earlier pubertal onset, suggesting 

that neuroendocrine responses to stress may interact 

with reproductive hormones. Early puberty can have 

profound implications for physical health, mental 

well-being, and social development, particularly when 

physical maturation outpaces emotional and cognitive 

readiness. Given these concerns, understanding the 

role of lifestyle and hormones in early puberty is of 

critical importance. This article aims to provide a 

comprehensive review of the mechanisms through 

which lifestyle factors influence hormonal regulation, 

examine the health consequences of early puberty in 

girls, and discuss strategies for prevention and public 

health intervention. 

 

II. MAIN BODY 

 

1. Physiological Regulation of Puberty 

The onset of puberty is regulated by the reactivation of 

the HPG axis. During infancy, this axis is transiently 

active, then suppressed throughout childhood, and 

reawakened at puberty. The precise trigger for this 

reactivation is not fully understood but is known to 

depend on genetic programming combined with 

permissive environmental signals. Adequate energy 

availability, reflected by metabolic hormones, is 

essential for the initiation of puberty, ensuring that the 

body is capable of supporting reproductive function. 

Estrogen plays a central role in female pubertal 

development, driving breast development, growth 

acceleration, maturation of the reproductive organs, 

and eventual menstruation. The timing and tempo of 

estrogen exposure are therefore critical determinants 

of pubertal progression. 

 

2. Role of Nutrition and Obesity 

One of the strongest and most consistently reported 

associations with early puberty in girls is childhood 

obesity. Excess body fat increases circulating leptin 

levels, a hormone produced by adipocytes that signals 

energy sufficiency to the hypothalamus. Elevated 

leptin levels are believed to facilitate the activation of 

GnRH neurons, thereby advancing pubertal onset. 

In addition, adipose tissue contains the enzyme 

aromatase, which converts androgens into estrogens, 

further increasing estrogen exposure in overweight 

and obese girls. Diets high in refined carbohydrates, 

saturated fats, and sugary beverages contribute to 

insulin resistance and hyperinsulinemia, which may 

increase the bioavailability of sex hormones by 

reducing sex hormone–binding globulin levels. 

Conversely, balanced diets rich in fruits, vegetables, 

whole grains, and adequate protein appear to support 

normal pubertal timing. Micronutrients, including 

iron, zinc, and vitamins, also play supportive roles in 

growth and endocrine function. 

 

3. Physical Activity and Sedentary Behaviour 

Physical activity influences body composition, insulin 

sensitivity, and hormone regulation. Reduced physical 

activity and increased sedentary behaviour, 

particularly screen time, are associated with higher 

body fat percentages and earlier onset of puberty. 

Regular physical activity helps maintain a healthy 

body weight, modulates insulin and leptin levels, and 

may delay excessive estrogen exposure. Athletes and 

physically active girls often experience later 

menarche, illustrating the impact of energy balance on 

reproductive maturation. 

 

4. Endocrine-Disrupting Chemicals 

Exposure to endocrine-disrupting chemicals has 

emerged as a major concern in the context of early 

puberty. Substances such as bisphenol A (BPA), 

phthalates, pesticides, and certain industrial pollutants 
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can mimic or interfere with natural hormones. These 

chemicals may bind to estrogen receptors or disrupt 

hormone synthesis, metabolism, and feedback 

mechanisms. 

Children are particularly vulnerable to EDC exposure 

due to critical windows of development and higher 

exposure relative to body weight. Prenatal and early 

childhood exposure to EDCs has been associated with 

earlier thelarche and menarche, highlighting the long-

term impact of environmental factors on pubertal 

timing. 

 

5. Psychosocial Stress and Neuroendocrine Interaction 

Psychological stress activates the hypothalamic 

pituitary adrenal (HPA) axis, leading to increased 

cortisol secretion. Chronic stress may influence the 

HPG axis through complex neuroendocrine 

interactions. Studies suggest that girls exposed to 

family conflict, socioeconomic adversity, or emotional 

stress may experience earlier puberty. From an 

evolutionary perspective, early maturation in stressful 

environments may represent an adaptive response, 

though it carries significant health risks in modern 

contexts. 

 

6. Health and Psychosocial Consequences of Early 

Puberty 

Early puberty is associated with both immediate and 

long-term health consequences. Physically, early-

maturing girls are at increased risk for obesity, type 2 

diabetes, cardiovascular disease, and hormone-related 

cancers such as breast and endometrial cancer. 

Psychologically, early puberty is linked to higher rates 

of anxiety, depression, low self-esteem, and risk-

taking behaviors. Socially, early physical maturation 

may lead to inappropriate expectations, peer 

difficulties, and vulnerability to exploitation. These 

outcomes underscore the importance of early 

identification and supportive interventions. 

 

7. Prevention and Public Health Strategies 

Preventive strategies should focus on promoting 

healthy lifestyles from early childhood. These include 

balanced nutrition, regular physical activity, reduction 

of sedentary behaviors, and minimizing exposure to 

endocrine-disrupting chemicals. Public health policies 

regulating food quality, chemical safety, and 

environmental pollution are critical. Education of 

parents, teachers, and healthcare providers is equally 

important to recognize early signs of puberty and 

address modifiable risk factors. 

 

III. SUMMARY AND CONCLUSION 

 

Early puberty in girls represents a complex and 

multifaceted phenomenon resulting from the 

interaction of lifestyle, hormonal, environmental, and 

psychosocial factors. While genetic predisposition 

establishes the framework for pubertal timing, 

contemporary lifestyle changes have significantly 

altered the biological environment in which children 

develop. Rising rates of childhood obesity, unhealthy 

dietary patterns, reduced physical activity, and 

widespread exposure to endocrine-disrupting 

chemicals have collectively contributed to earlier 

activation of the hypothalamic pituitary gonadal axis. 

Hormones such as leptin, insulin, estrogen, and 

cortisol serve as key mediators linking lifestyle factors 

to reproductive maturation. Excess adiposity and 

metabolic imbalance enhance estrogenic signaling, 

while environmental chemicals may directly mimic or 

disrupt hormonal pathways. Psychosocial stress 

further compounds these effects through 

neuroendocrine mechanisms, demonstrating that 

puberty is not solely a biological event but a 

biopsychosocial process. 

The implications of early puberty extend beyond 

physical development, influencing long-term health 

outcomes and psychological well-being. Increased 

risks of metabolic disorders, cardiovascular disease, 

hormone-dependent cancers, and mental health 

challenges highlight the need for early preventive 

efforts. Addressing early puberty therefore requires a 

comprehensive approach involving families, 

healthcare systems, educators, and policymakers. 

Preventive strategies should emphasize healthy 

nutrition, physical activity, stress reduction, and 

environmental safety from prenatal life through 

childhood. Future research must continue to explore 

the complex interactions between lifestyle, hormones, 

genetics, and environmental exposures to inform 

evidence-based interventions. In conclusion, early 

puberty in girls is a reflection of changing lifestyles 

and environments in modern society. By 

understanding and addressing its underlying causes, it 

is possible to promote healthier developmental 

trajectories and improve both short-term and lifelong 

health outcomes for girls. 
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