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ABSTRACT

decreasing menarcheal age.

Menarche typically occurs between the ages of 10 and 16 years, although the timing can vary widely among individuals
and populations due to genetic, environmental, and socioeconomic factors. The onset of menstruation reflects the
complex interplay between biological, psychosocial, and environmental factors that influence pubertal development.
Environmental factors such as nutrition, exposure to endocrine-disrupting chemicals (EDCs), and socioeconomic status
(SES) play critical roles in determining menarcheal age. Psychosocial factors such as stress, family dynamics, and
cultural norms also influence menarcheal age. This narrative review tries to explore the factors responsible for
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INTRODUCTION

Menarcheal age refers to the age at which a female
experiences her first menstrual period, marking the onset
of reproductive capability and the transition from
childhood to adolescence. It is a significant milestone in a
woman's life, representing the activation of the
hypothalamic-pituitary-ovarian (HPO) axis and the
initiation of the menstrual cycle.! Menarche typically
occurs between the ages of 10 and 16 years, although the
timing can vary widely among individuals and populations
due to genetic, environmental, and socioeconomic
factors.?

The significance of menarcheal age in reproductive health
stems from its role as a key indicator of pubertal
maturation and hormonal regulation. The onset of
menstruation reflects the complex interplay between
biological, psychosocial, and environmental factors that
influence  pubertal  development.®  Understanding
menarcheal age is essential for assessing reproductive
health outcomes, predicting fertility potential, and

identifying individuals at risk of reproductive disorders
and health complications.

FACTORS INFLUENCING MENARCHEAL AGE

Biologically, menarcheal age is influenced by factors such
as genetics, hormonal signalling, and adiposity. Genetic
factors contribute to variations in pubertal timing, with
certain gene variants associated with earlier or later onset
of menarche.* Hormonal regulation, particularly the
secretion of gonadotropin-releasing hormone (GnRH)
from the hypothalamus and the subsequent release of
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) from the pituitary gland, plays a central
role in initiating menstruation.> Adiposity, represented by
body mass index (BMI) and body fat distribution, also
influences menarcheal age, with higher adiposity levels
associated with earlier onset of menstruation due to
increased leptins secretion and hormonal stimulation.?

Psychosocial factors such as stress, family dynamics, and
cultural norms also influence menarcheal age. Chronic
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stress can disrupt the hypothalamic-pituitary-adrenal
(HPA) axis and alter hormonal balance, potentially
accelerating pubertal maturation.5 Family dynamics,
including parental relationships, sibling interactions, and
care giving practices, can shape a child's psychosocial
environment and affect their pubertal timing. Cultural
norms and societal expectations regarding femininity,
body image, and sexual development may influence
perceptions of menarche and its significance, impacting
the psychosocial experience of adolescent girls.”

Environmental factors such as nutrition, exposure to
endocrine-disrupting chemicals (EDCs), and
socioeconomic status (SES) also play critical roles in
determining menarcheal age. Nutrition, including dietary
intake and micronutrient status, influences hormonal
regulation and reproductive maturation, with inadequate
nutrition potentially delaying menarche.2 Exposure to
EDCs, found in plastics, pesticides, and personal care
products, can disrupt hormonal signalling pathways and
affect pubertal timing.® Socioeconomic disparities,
characterized by differences in income, education, and
access to resources, contribute to variations in menarcheal
age, with lower SES associated with earlier onset due to
factors such as limited access to healthcare, higher
psychosocial stress, and poorer nutrition.°

TREND OF DECREASING MENARCHEAL AGE

Over the past century, there has been a noticeable trend
towards a decreasing age at menarche, the onset of
menstruation in females, in many parts of the world. This
phenomenon has attracted significant attention from
researchers, healthcare professionals, and policymakers
due to its implications for adolescent health and
reproductive outcomes. Understanding the factors
contributing to this trend is essential for promoting
reproductive health and well-being among adolescents.

The observed trend of decreasing menarcheal age reflects
changes in various societal, environmental, and biological
factors that influence pubertal development. Historically,
menarcheal age has been influenced by factors such as
nutrition, socioeconomic status (SES), psychosocial
stressors, and environmental exposures. However, shifts in
these factors over time have contributed to the observed
decline in menarcheal age across generations.

NUTRITIONAL FACTORS

One significant factor contributing to the decreasing age at
menarche is improvements in nutrition and overall
health.!! A balanced and nutritious diet is essential for
normal growth and development, including the onset of
puberty. Dietary patterns rich in fruits, vegetables, whole
grains, and lean proteins provide the necessary nutrients
for healthy hormonal regulation and reproductive function.
On the other hand, diets high in processed foods, sugar,
and unhealthy fats may contribute to metabolic
disturbances and hormonal imbalances, potentially
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affecting menarcheal age. Advances in healthcare,
sanitation, and food availability have led to better nutrition
and higher caloric intake among populations, supporting
optimal growth and development during childhood and
adolescence. Adequate nutrition, particularly in terms of
protein, vitamins, and minerals, is essential for hormonal
regulation and reproductive maturation. As access to
nutritious foods has increased, especially in urban and
industrialized settings, girls are reaching puberty earlier
due to improved overall health and nutritional status. As
societies transition from agrarian to industrialized
economies, dietary habits shift towards higher caloric
intake and more diverse food choices, supporting optimal
growth and development during childhood and
adolescence. This improved nutritional status contributes
to earlier onset of puberty and menarche among girls.

One key aspect of changing dietary habits is the shift
towards a diet characterized by higher energy intake,
increased consumption of processed foods, and higher
levels of animal protein and fats. This dietary pattern, often
associated with Westernized diets, has been linked to
earlier onset of puberty and menarche.*? Increased intake
of calorie-dense foods may lead to higher body fat
accumulation, which can trigger hormonal changes and
advance the timing of puberty. Additionally, higher
consumption of animal protein may contribute to elevated
levels of insulin-like growth factor 1 (IGF-1), a hormone
associated with pubertal development.

Several studies have highlighted the relationship between
socioeconomic status (SES) and nutritional intake in
relation to menarcheal age. Lower SES is often associated
with inadequate nutrition, which can delay menarche due
to insufficient body fat accumulation. Conversely, higher
SES is linked to better access to nutritious food, promoting
earlier menarche. Research suggests that certain dietary
patterns may be associated with earlier or delayed
menarche. Diets high in fast food and sugary beverages
have been linked to earlier onset of puberty.’* Higher
intake of sugar and processed foods, which are common in
modern diets, may promote insulin resistance and
inflammation, potentially accelerating puberty.

Micronutrients such as iron, zinc, calcium, and vitamin D
play crucial roles in reproductive health and hormonal
regulation.’* Deficiencies in these micronutrients can
disrupt normal physiological processes, potentially
impacting menarcheal age. Iron deficiency is commonly
associated with delayed menarche due to its role in
hemoglobin synthesis and oxygen transport, which are
essential for reproductive function. Similarly, inadequate
intake of calcium can impair bone health and delay
puberty. Some studies have shown that low levels of
vitamin D were associated with earlier onset of puberty in
girls.> Addressing micronutrient deficiencies through
supplementation or dietary interventions may help
promote optimal reproductive health and normalize
menarcheal age.
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Obesity is a significant risk factor for early puberty and
menarche.'® Excess adipose tissue in obese individuals can
lead to increased production of estrogen through
aromatization of androgens in adipocytes, thereby
accelerating the onset of puberty. Furthermore, obesity-
related insulin resistance and inflammation can disrupt
hormonal regulation, contributing to early menarche.
Numerous studies have demonstrated a strong association
between obesity and early menarche. A meta-analysis
published in Pediatrics concluded that obesity significantly
increases the risk of early puberty in girls, with each unit
increase in body mass index (BMI) associated with a
higher likelihood of early menarche.!” Addressing obesity
through lifestyle modifications such as diet and exercise
interventions may help prevent early puberty and
normalize menarcheal age.

Beyond macronutrient composition and micronutrient
intake, modern dietary habits also expose individuals to a
variety of environmental contaminants and endocrine-
disrupting chemicals (EDCs) present in processed foods,
packaging materials, and agricultural products. Exposure
to EDCs, such as bisphenol A (BPA) and phthalates, has
been associated with altered hormonal signaling and
reproductive  development, potentially influencing
menarcheal age.'®

SOCIETAL AND ENVIRONMENTAL FACTORS

Socioeconomic factors also play a critical role in shaping
menarcheal age. Higher socioeconomic status (SES) is
generally associated with later menarche, as individuals
from more affluent backgrounds tend to have better access
to healthcare, education, and resources.'® However, with
increasing urbanization and socioeconomic development,
there has been a shift towards earlier menarche in many
populations. Urbanization brings changes in lifestyle,
dietary habits, and environmental exposures that may
accelerate pubertal maturation. Additionally,
socioeconomic disparities persist, with lower SES
individuals experiencing earlier menarche due to factors
such as limited access to healthcare, higher psychosocial
stress, and poorer nutrition.?°

The impact of socioeconomic status (SES) on pubertal
development is a multifaceted and complex and it
intersects biology, psychology, and sociology. SES
encompasses various factors such as income, education,
occupation, and social status, all of which can influence a
young person's physical and psychological development
during puberty.?r Higher SES families generally have
better access to nutritious food and healthcare services,
which can contribute to optimal growth and development
during puberty. Adequate nutrition is crucial for the
production of hormones essential for puberty, such as
estrogen and testosterone.?? Conversely, lower SES
individuals may experience food insecurity and limited
access to healthcare, which can potentially delay puberty
or lead to irregularities in hormonal levels.
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Psychosocial factors play a significant role in pubertal
development. Adolescents from lower SES backgrounds
may experience higher levels of stress due to economic
hardships, family instability, or neighborhood violence.
Chronic stress can disrupt the hypothalamic-pituitary-
adrenal (HPA) axis, affecting the release of hormones
involved in puberty.?® This may result in early puberty for
some or delayed puberty for others, depending on
individual responses to stress.

Adolescents from affluent families may be exposed to
different societal expectations regarding body image,
sexuality, and gender roles compared to those from lower
SES backgrounds. Media portrayal of idealized body
images and peer pressure to conform to certain standards
can impact self-esteem and body image perception,
influencing pubertal development trajectories. Access to
education and information about puberty varies across
socioeconomic groups. Higher SES families may have the
resources to provide comprehensive sex education and
open communication about puberty-related changes,
fostering a supportive environment for adolescents. In
contrast, lower SES individuals may lack access to
accurate information about puberty, leading to
misconceptions and anxiety surrounding bodily changes.

Marginalized communities often face additional
challenges related to systemic inequalities, which can
exacerbate the impact of SES on pubertal development.
Racial disparities in healthcare access and socioeconomic
opportunities can compound the effects of poverty on
pubertal outcomes among minority adolescents.

Socioeconomic disparities in  housing and living
conditions can affect exposure to environmental pollutants
such as air and water contaminants. Individuals living in
low-income neighborhoods or areas with high levels of
industrial pollution may experience higher levels of
exposure to toxic substances, which can disrupt hormonal
regulation and accelerate pubertal timing. Additionally,
overcrowded or substandard housing conditions may
contribute to psychosocial stressors that impact pubertal
development, such as family dysfunction and
neighborhood violence.?*

Income level can indirectly affect menarcheal age through
its influence on nutrition and overall health. Higher
income families typically have better access to nutritious
food, healthcare services, and living conditions. Girls from
lower income households may experience malnutrition or
food insecurity, which can delay menarche due to
insufficient energy reserves. Conversely, girls from higher
income families may reach menarche earlier due to
improved nutritional status and overall health.

EDUCATIONAL STATUS
Education plays a significant role in shaping menarcheal

age through its association with socioeconomic status and
access to information. Girls from families with higher
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levels of education often have access to comprehensive sex
education and reproductive health knowledge. They may
be better informed about puberty and menstruation, which
can positively influence their attitudes and perceptions
towards these biological changes.?® In contrast, girls from
families with lower levels of education may lack access to
accurate information about menstruation, leading to
misconceptions or anxiety surrounding menarche.
Additionally, educational attainment is often correlated
with delayed childbearing, which can indirectly influence
the timing of menarche.

ACCESS TO RESOURCES

Access to resources such as healthcare, sanitation, and
hygiene products can also impact menarcheal age.?® Girls
who have access to adequate healthcare are more likely to
receive timely medical attention and support for
reproductive health issues, which can positively influence
the onset of menstruation. Additionally, access to sanitary
products such as pads or tampons is essential for managing
menstruation comfortably and hygienically. Lack of
access to these resources, which is more common among
disadvantaged populations, can lead to stress and
discomfort  surrounding  menstruation,  potentially
impacting menarcheal age.?’

Girls from higher SES families are more likely to have
access to regular healthcare check-ups and comprehensive
sex education, which can positively impact reproductive
health outcomes, including menarcheal age. Conversely,
girls from lower SES backgrounds may face barriers to
accessing healthcare services and accurate information
about puberty and menstruation, potentially leading to
delayed or irregular menarche.

PSYCHOSOCIAL FACTORS

Psychosocial stressors, including family dynamics, peer
relationships, and cultural norms, also influence
menarcheal age. Early exposure to sexual content in the
media, peer pressure, and family stressors can accelerate
pubertal  maturation,  while  supportive  family
environments and positive peer relationships may delay
menarche.?? Cultural norms regarding femininity, body
image, and sexual development can also impact
perceptions of menarche and influence the timing of
pubertal milestones. Structural inequalities and systemic
barriers can exacerbate the impact of socioeconomic
factors on menarcheal age, particularly among
marginalized populations.?

Family dysfunction, parental conflict, socioeconomic
hardships, and exposure to trauma can significantly impact
menarcheal age.?>3! Chronic stress activates the
hypothalamic-pituitary-adrenal (HPA) axis, leading to
dysregulation of hormonal pathways involved in puberty.
High levels of stress hormones such as cortisol can disrupt
the normal timing of puberty, potentially advancing or
delaying menarche.® Family dynamics, including parental
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relationships, care giving practices, and familial support
systems, play a crucial role in shaping menarcheal age.
Positive family environments characterized by nurturing,
supportive relationships and open communication about
puberty and reproductive health may promote healthy
psychosocial development and normal timing of puberty.
Conversely, family dysfunction, parental neglect, or
absence of care giving support can contribute to stress and
emotional disturbances, potentially impacting menarcheal
age.% family structure and dynamics, such as single-parent
households or parental divorce, have been associated with
earlier onset of puberty in some studies.®*

Peer relationships play a crucial role in adolescents'
psychosocial development and pubertal experiences. Peer
interactions, social dynamics, and peer pressure can
influence pubertal timing through various pathways.%
Adolescents often compare themselves to their peers and
may experience pressure to conform to societal norms and
expectations regarding puberty and sexual behaviour. Peer
relationships can also influence adolescents' perceptions of
their own pubertal development, with early-maturing
individuals potentially facing social challenges or stigma
from peers. Peer relationships provide opportunities for
social learning and information exchange about puberty,
sexuality, and reproductive health, which can impact
adolescents' understanding and experiences of pubertal
timing.

With the widespread availability of media and digital
technology, adolescents are increasingly exposed to sexual
content at younger ages. Exposure to sexual imagery,
explicit media content, and online pornography can impact
pubertal timing through several mechanisms. Firstly, early
exposure to sexual content may accelerate the onset of
puberty by triggering hormonal responses through arousal
and sexual stimulation.®® Secondly, exposure to sexual
content can shape adolescents' attitudes, beliefs, and
expectations about sexuality, potentially influencing their
perceptions of pubertal development and sexual
behaviour. Early exposure to sexual content may
contribute to psychological stress and emotional
disturbances, which can disrupt hormonal regulation and
pubertal timing.

Chronic stressors such as poverty, discrimination, and
social instability can dysregulate the hypothalamic-
pituitary-adrenal (HPA) axis and disrupt hormonal
balance, potentially advancing or delaying puberty.®’
Moreover, psychosocial stressors may exacerbate the
effects of environmental pollutants on pubertal
development, leading to compounded health disparities
among socioeconomically disadvantaged populations.

ENVIRONMENTAL FACTORS
Environmental factors, such as exposure to endocrine-
disrupting chemicals (EDCs), pollutants, and lifestyle

changes, have also been implicated in the decreasing age
at menarche.®® EDCs, found in plastics, pesticides, and
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personal care products, can interfere with hormonal
signalling pathways and affect pubertal timing.
Additionally, lifestyle changes associated with
urbanization, such as sedentary behaviour, inadequate
sleep, and altered dietary patterns, may contribute to
earlier onset of puberty. Lifestyle changes associated with
urbanization, such as sedentary behaviour, inadequate
sleep, and altered dietary patterns, may contribute to
earlier onset of puberty. Environmental pollutants, such as
air pollution and water contaminants, may also impact
hormonal regulation and pubertal development, potentially
influencing menarcheal age.

EDCs are substances that interfere with the body's
endocrine system, which regulates hormone production,
secretion, and function.38 These chemicals can mimic,
block, or interfere with hormonal signals, leading to
adverse effects on pubertal development. EDCs are found
in various everyday products such as plastics, pesticides,
personal care products, and food packaging. Exposure to
EDCs during critical periods of development, including
prenatal and early childhood stages, can have long-lasting
effects on pubertal timing and reproductive health. Certain
EDCs, such as bisphenol A (BPA), phthalates, and
organochlorine pesticides, have been associated with
accelerated pubertal development, early onset of puberty,
and reproductive abnormalities in both animal studies and
human populations.®® These chemicals can disrupt the
normal function of hormones such as estrogen,
testosterone, and thyroid hormones, leading to
disturbances in pubertal maturation.

Environmental pollutants, including air pollutants such as
particulate matter, volatile organic compounds (VOCs),
and polycyclic aromatic hydrocarbons (PAHSs), as well as
water pollutants such as heavy metals and industrial
chemicals, can also impact pubertal development.*
Exposure to these pollutants has been linked to alterations
in hormone levels, oxidative stress, inflammation, and
DNA damage, which can affect reproductive health and
pubertal timing.

Research has demonstrated links between exposure to air
pollutants such as nitrogen dioxide (NO2) and polycyclic
aromatic hydrocarbons (PAHs) and delayed onset of
puberty in girls. Similarly, exposure to heavy metals such
as lead and cadmium through contaminated water sources
or industrial emissions has been associated with delayed
pubertal development and hormonal disturbances.*

Pesticides and agricultural chemicals used in farming
practices can also impact pubertal development through
their endocrine-disrupting properties. Exposure to
pesticides, herbicides, and fungicides has been linked to
alterations in hormone levels, reproductive abnormalities,
and adverse effects on fertility and reproductive health.*

Certain pesticides, such as organophosphates and
pyrethroids, have been identified as EDCs with potential
effects on pubertal development. Additionally, residues of
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these chemicals can be found in food sources, further
increasing the risk of exposure among vulnerable
populations.

Environmental changes, including climate change,
deforestation, pollution, and habitat destruction, can have
far-reaching effects on ecosystems and human health.
Changes in environmental conditions may influence
menarcheal age through various mechanisms. Exposure to
air pollutants such as particulate matter and nitrogen
dioxide has been associated with early puberty and
menarche in some studies.*>*3

Additionally, environmental disruptions may impact
access to clean water, nutritious food, and healthcare
services, which are essential for optimal growth and
development during puberty. Changes in environmental
stressors, such as extreme weather events and natural
disasters, may also contribute to psychosocial stress and
emotional disturbances, potentially affecting pubertal
timing.*4

LIFESTYLE CHANGES

Sedentary behaviour, characterized by prolonged sitting or
low levels of physical activity, has been associated with
alterations in hormonal levels and metabolic function,
which can impact pubertal timing.*® Lack of physical
activity can contribute to obesity and insulin resistance,
both of which are risk factors for early puberty and
menarche. Additionally, sedentary behaviour may disrupt
the balance of hormones involved in pubertal
development, such as insulin-like growth factor 1 (IGF-1)
and leptin, potentially advancing the onset of puberty.

Sleep patterns, including duration, quality, and timing of
sleep, play a crucial role in regulating hormonal rhythms
and pubertal development. Adequate sleep is essential for
the secretion of growth hormone, which influences the
timing of puberty and reproductive maturation.
Disruptions in sleep patterns, such as insufficient sleep or
irregular sleep schedules, can disrupt the circadian rhythm
and alter the production of hormones involved in pubertal
timing, such as melatonin and cortisol.*®

Exposure to artificial light, particularly in the evening and
nighttime hours, can disrupt the body's natural circadian
rhythms and melatonin production, potentially influencing
pubertal timing. Artificial light exposure from electronic
devices such as smartphones, tablets, and computers, as
well as indoor lighting, can suppress melatonin secretion
and delay the onset of nighttime sleep, leading to
disturbances in hormonal regulation and sleep patterns.

Exposure to artificial light at night may be associated with
earlier menarcheal age.” The disruption of circadian
rhythms and melatonin production by artificial light
exposure may contribute to alterations in hormonal
signalling and pubertal development.
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GEOGRAPHIC AND CULTURAL FACTORS

Socioeconomic disparities in menarcheal age can also vary
by geographic region and cultural context. Studies have
documented differences in menarcheal age between urban
and rural areas, as well as among different ethnic and
cultural groups.48 Cultural beliefs, norms, and practices
surrounding menstruation and puberty vary across
different societies and can influence menarcheal age.
Cultural attitudes towards menstruation, body image,
sexuality, and gender roles shape girls' experiences of
puberty and may impact the timing of menarche.
Additionally, cultural practices such as puberty rituals,
ceremonies, and traditions may serve as markers of social
maturity and influence the perception of menarcheal age
within specific cultural contexts. Cultural expectations
regarding femininity, marriage, and reproductive roles
may also influence the timing of menarche within specific
cultural contexts. societal messages about beauty ideals,
body image, and sexual attractiveness can impact
adolescents' self-perceptions and body image satisfaction,
which may in turn influence their experiences of pubertal
timing.

CONCLUSION

Puberty is a critical period of reproductive development,
and disruptions in pubertal timing can have long-lasting
effects on reproductive health and fertility. Socioeconomic
disparities and environmental injustices contribute to
unequal access to resources and opportunities, leading to
disparities in pubertal development and health outcomes
among adolescents. Socioeconomic factors such as
poverty, inadequate nutrition, and limited access to
healthcare can increase the risk of early puberty, obesity,
and chronic health conditions among adolescents. By
addressing socioeconomic and environmental
determinants, we can prevent or mitigate the health risks
associated with pubertal development, promoting healthier
outcomes, optimal reproductive health outcomes and
prevent or mitigate the risk factors associated with chronic
diseases such as obesity, diabetes, cardiovascular disease,
and certain cancers.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Rees M. The age of menarche. ORGYN. 1995;(4):2-
4.

2. Marques P, Madeira T, Gama A. Menstrual cycle
among adolescents: girls' awareness and influence of
age at menarche and overweight. Rev Paul Pediatr.
2022;40:62020494.

3. Karapanou, O., Papadimitriou, A. Determinants of
menarche. Reprod Biol Endocrinol. 2010;115:8.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mancini A, Magnotto JC, Abreu AP. Genetics of
pubertal timing. Best Pract Res Clin Endocrinol
Metab. 2022;36(1):101618.

Casteel CO, Singh G. Physiology, Gonadotropin-
Releasing Hormone.. In: StatPearls. Treasure Island
(FL): StatPearls Publishing; 2024. Available at:
https://www.ncbi.nlm.nih.gov/books/NBK558992/.
Accessed on 20 April 2024.

Sheng JA, Bales NJ, Myers SA, Bautista Al,
Roueinfar M, Hale TM, et al. The Hypothalamic-
Pituitary-Adrenal Axis: Development, Programming
Actions of Hormones, and Maternal-Fetal
Interactions. Front Behav Neurosci. 2021;14:601939.
Kar SK, Choudhury A, Singh AP. Understanding
normal development of adolescent sexuality: A
bumpy ride. J Hum Reprod Sci. 2015;8(2):70-4.
Nguyen NTK, Fan HY, Tsai MC, Tung TH, Huynh
QTV, Huang SY, Chen YC. Nutrient Intake through
Childhood and Early Menarche Onset in Girls:
Systematic Review and Meta-Analysis. Nutrients.
2020;12(9):2544.

Predieri B, lughetti L, Bernasconi S, Street ME.
Endocrine Disrupting Chemicals' Effects in Children:
What We Know and What We Need to Learn? Int J
Mol Sci. 2022;23(19):11899.

Deardorff J, Abrams B, Ekwaru JP, Rehkopf DH.
Socioeconomic status and age at menarche: an
examination of multiple indicators in an ethnically
diverse cohort. Ann Epidemiol. 2014;24(10):727-33.
Soliman A, De Sanctis V, Elalaily R. Nutrition and
pubertal development. Indian J Endocrinol Metab.
2014;18(Suppl 1):S39-47.

Duan R, Chen Y, Qiao T, Duan R, Chen M, Zhao L,
et al. Modern dietary pattern is prospectively
associated with earlier age at menarche: data from the
CHNS 1997-2015. Nutr J. 2020;19(1):95.

Tsai MC, Lee YL, Chen YC. Association of the
consumption of common drinks with early puberty in
both sexes. Front Public Health. 2022;10:854477.
Gernand AD, Schulze KJ, Stewart CP, West KP Jr,
Christian P. Micronutrient deficiencies in pregnancy
worldwide: health effects and prevention. Nat Rev
Endocrinol. 2016;12(5):274-89.

Calcaterra V, Magenes VC, Tagi VM, Grazi R,
Bianchi A, Cena H, et al. Association between
Vitamin D Levels, Puberty Timing, and Age at
Menarche. Children (Basel). 2023;10(7):1243.

Li W, Liu Q, Deng X, Chen Y, Liu S, Story M.
Association between Obesity and Puberty Timing: A
Systematic Review and Meta-Analysis. Int J Environ
Res Public Health. 2017;14(10):1266.

Zhou X, Hu Y, Yang Z, Gong Z, Zhang S, Liu X, et
al. Overweight/Obesity in Childhood and the Risk of
Early Puberty: A Systematic Review and Meta-
Analysis. Front Pediatr. 2022;10:795596.

Lee JE, Jung HW, Lee YJ, Lee YA. Early-life
exposure to endocrine-disrupting chemicals and
pubertal development in girls. Ann Pediatr Endocrinol
Metab. 2019;24(2):78-91.

Volume 13 - Issue 7 Page 1909



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Mohapatral | et al. Int J Reprod Contracept Obstet Gynecol. 2024 Jul;13(7):1904-1911

Braithwaite D, Moore DH, Lustig RH, Epel ES, Ong
KK, Rehkopf DH, et al. Socioeconomic status in
relation to early menarche among black and white
girls. Cancer Causes Control. 2009;20(5):713-20.
Sykorova K, Flegr J. Faster life history strategy
manifests itself by lower age at menarche, higher
sexual desire, and earlier reproduction in people with
worse health. Sci Rep. 2021;11(1):11254.

Sweeting H, Hunt K. Adolescent socio-economic and
school-based social status, health and well-being. Soc
Sci Med. 2014;121:39-47.

Calcaterra V, Verduci E, Stagi S, Zuccotti G. How the
intricate relationship between nutrition and hormonal
equilibrium significantly influences endocrine and
reproductive health in adolescent girls. Front Nutr.
2024;11:1337328.

Herman JP, McKlveen JM, Ghosal S, Kopp B, Wulsin
A, Makinson R, Scheimann J, Myers B. Regulation of
the Hypothalamic-Pituitary-Adrenocortical ~ Stress
Response. Compr Physiol. 2016;6(2):603-21.

Glass DJ, Geerkens JT, Martin MA. Psychosocial and
energetic factors on human female pubertal timing: a
systematized review. Evol Hum Sci. 2022;4:e28.
Puberty J. Menstruation knowledge among young
adolescents in low- and middle-income countries: a
scoping review. Int J Public Health. 2019;64(2):293-
304.

Sood S, Stevens S, Okumura M, Hauer M, Ramaiya
A. A Systematic Review of Menstrual Health and
Hygiene Management (MHHM) as a Human Right for
Adolescents Girls. Int J Sex Health. 2022;34(3):483-
502.

Jain R, Anand P, Dhyani A, Bansal D. Knowledge and
awareness regarding menstruation and HIV/AIDS
among schoolgoing adolescent girls. J Family Med
Prim Care. 2017;6(1):47-51.

Tyborowska A, Volman I, Niermann HCM, Pouwels
JL, Smeekens S, Cillessen AHN, et al. Early-life and
pubertal stress differentially modulate grey matter
development in human adolescents. Sci Rep.
2018;8(1):9201.

James-Todd T, Tehranifar P, Rich-Edwards J,
Titievsky L, Terry MB. The impact of socioeconomic
status across early life on age at menarche among a
racially diverse population of girls. Ann Epidemiol.
2010;20(11):836-42.

Moffitt TE, Caspi A, Belsky J, Silva PA. Childhood
experience and the onset of menarche: a test of a
sociobiological model. Child Dev. 1992;63(1):47-58.
Bogaert AF. Age at puberty and father absence in a
national ~ probability  sample. J  Adolesc.
2005;28(4):541-6.

Smith SS. The influence of stress at puberty on mood
and learning: role of the w46 GABAA receptor.
Neuroscience. 2013;249:192-213.

Boynton-Jarrett R, Harville EW. A prospective study
of childhood social hardships and age at menarche.
Ann Epidemiol. 2012;22(10):731-7.

Ellis BJ, McFadyen-Ketchum S, Dodge KA, Pettit
GS, Bates JE. Quality of early family relationships

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

and individual differences in the timing of pubertal

maturation in girls: a longitudinal test of an
evolutionary model. J Pers Soc Psychol.
1999;77(2):387-401.

Teunissen HA, Adelman CB, Prinstein MJ,

Spijkerman R, Poelen EA, Engels RC, et al. The
Interaction Between Pubertal Timing and Peer
Popularity for Boys and Girls: An Integration of
Biological and Interpersonal Perspectives on
Adolescent Depression. J Abnorm Child Psychol.
2011;39(3):413-23.

Fortenberry JD. Puberty and adolescent sexuality.
Horm Behav. 2013;64(2):280-7.

Herman JP, McKlveen JM, Ghosal S, Kopp B, Wulsin
A, Makinson R, et al. Regulation of the
Hypothalamic-Pituitary-Adrenocortical Stress
Response. Compr Physiol. 2016;6(2):603-21.
Diamanti-Kandarakis E, Bourguignon JP, Giudice
LC, Hauser R, Prins GS, Soto AM, et al. Endocrine-
disrupting chemicals: an Endocrine Society scientific
statement. Endocr Rev. 2009;30(4):293-342.
Leonardi A, Cofini M, Rigante D, Lucchetti L, Cipolla
C, Penta L, et al. The Effect of Bisphenol A on
Puberty: A Critical Review of the Medical Literature.
Int J Environ Res Public Health. 2017;14(9):1044.
Manisalidis 1, Stavropoulou E, Stavropoulos A,
Bezirtzoglou E. Environmental and Health Impacts of
Air Pollution: A Review. Front Public Health.
2020;8:14.

Fucic A, Duca RC, Galea KS, Maric T, Garcia K,
Bloom MS, et al. Reproductive Health Risks
Associated with Occupational and Environmental
Exposure to Pesticides. Int J Environ Res Public
Health. 2021;18(12):6576.

Li D, Xiong J, Cheng G. Long-term exposure to
ambient PM2.5 and its components on menarche
timing among Chinese adolescents: evidence from a
representative nationwide cohort. BMC Public
Health. 2024;24(1):707.

Hood RB, Hart JE, Laden F, Rosner B, Chavarro JE,
Gaskins AJ. Exposure to Particulate Matter Air
Pollution and Age of Menarche in a Nationwide
Cohort of U.S. Girls. Environ Health Perspect.
2023;131(10):107003.

Pham HT, DilLalla LF, Corley RP, Dorn LD,
Berenbaum SA. Family environmental antecedents of
pubertal timing in girls and boys: A review and open
questions. Horm Behav. 2022;138:105101.

Murdey ID, Cameron N, Biddle SJ, Marshall SJ,
Gorely T. Short-term changes in sedentary behaviour
during adolescence: Project STIL (Sedentary
Teenagers and Inactive Lifestyles). Ann Hum Biol.
2005;32(3):283-96.

Kim TW, Jeong JH, Hong SC. The impact of sleep
and circadian disturbance on hormones and
metabolism. Int J Endocrinol. 2015;2015:591729.
Street ME, Ponzi D, Renati R, Petraroli M, D'Alvano
T, Lattanzi C, et al. Precocious puberty under stressful
conditions: new understanding and insights from the
lessons learnt from international adoptions and the

Volume 13 - Issue 7 Page 1910



48.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Mohapatral | et al. Int J Reprod Contracept Obstet Gynecol. 2024 Jul;13(7):1904-1911

COVID-19 pandemic. Front Endocrinol (Lausanne).
2023;14:1149417.

Pathak PK, Tripathi N, Subramanian SV. Secular
trends in menarcheal age in India-evidence from the
Indian human development survey. PL0S One.
2014;9(11):e111027.

Cite this article as: Mohapatral I, Samantaray SR.
Exploring societal and environmental influences on
decreasing menarcheal age: a comprehensive review.
Int J Reprod Contracept Obstet Gynecol
2024;13:1904-11.

Volume 13 - Issue 7 Page 1911



