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Abstract

Background: Menarche is the onset of the first menstrual cycle, which is a crucial milestone in female
reproductive development. The timing of menarche is influenced by a complex interplay of genetic,
environmental, and socioeconomic factors. Body mass index (BMI) has been associated with early menarche, as
body fat plays a significant role in hormone regulation, mainly leptin, which influences the hypothalamic-
pituitary-gonadal axis. Socioeconomic status (SES) also plays a pivotal role in shaping health outcomes,
nutritional status, including pubertal development. Understanding the association between BMI, SES, and the
age of onset of menarche is essential for identifying at-risk populations and implementing early interventions.
Objectives: The primary objective of the study was to determine the mean age of onset of menarche and to
assess the association of onset of Menarche to BMI and Socio economic status among adolescent girls who have
attained menarche between 8 to 16 years of age in rural area. The secondary objective was to determine the
prevalence of obesity, overweight and underweight in rural school going girls aged between 8§ to 16 years.
Methodology: A cross-sectional observational was conducted among school going adolescent girls aged
between 8 - 16 years from Nagamangala taluk, Mandya district over a period of eighteen months. A total of 433
girls who have attained menarche between 8 to 16 years were included in the study using convenience sampling.
Girls with endocrine and metabolic disorders were excluded. After obtaining the ethical committee clearance
and permission from school authority, self-formulated questionnaire regarding age of onset of menarche and
socio-economic status was obtained. Height and weight was recorded, BMI was calculated and classified using
IAP- growth charts. Socioeconomic status was graded according to modified BG Prasad classification. Collected
Data was analysed using licensed version of SPSS 30 statistical analysis was performed to determine the
association between age of onset of menarche to BMI and Socio-economic status.

Results: The study conducted on 433 school going girls aged between 8 to 16 years determined the mean age of
onset of menarche was 12.3+1.1 years with less than 30% girls attaining menarche before 11 years. There was
statistically significant association between ages of onset of menarche to BMI. The study also showed a
significant association between age of onset of menarche to socio economic status. As BMI and socio economic
status increased age of onset of menarche decreased, which showed negative correlation. The prevalence of
obesity, overweight and underweight was 2.8%, 18.2% and 8.5% respectively.

Conclusion: The study highlights a significant association between body mass index, socioeconomic status, and
the age of onset of menarche. The mean age of menarche among the study population is 12 + 1.1 years, aligning
with global trends of declining menarcheal age. Statistical analysis revealed a significant correlation between
BMI and the timing of menarche, suggesting that higher BMI is associated with earlier onset. Similarly,
socioeconomic status was found to be significantly linked to menarcheal age, with higher SES groups
experiencing earlier menarche, likely due to better nutrition.

These findings emphasize the role of both BMI and socioeconomic factors in early pubertal development.
Further studies are recommended to assess the underlining importance of public health initiatives to promote
balanced nutrition and physical activity to maintain optimal BMI.

Keywords: Menarche, Obesity, Body mass Index, Socio economic Status, Adolescent girls.
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Introduction

Adolescence is defined by the World Health
Organization as the time between the ages of 10
and 19years [1]. It is a crucial developmental stage
that brings about physical, mental, psychological,
and social changes in the body [2].

There are noticeable prepubertal changes in height,
pubic hair, and breast size in addition to menarche.
The hormones are controlled by the hypothalamo-
pituitary axis, with gonadotropins such as FSH and
LH released by the anterior pituitary in response to
signals from the hypothalamus, leading to
menstruation.

Adipose tissue secretes peptide hormones called
leptins [3]. Leptin directly affects the anterior
pituitary and speeds up the pulsatility of
gonadotropin-releasing hormone (GnRH) in
hypothalamic neurons [3]. The early onset of
menarche in obese children is explained by the fact
that higher levels of leptin cause the release of
GnRH, which in turn causes menstruation [2-4].

In both industrialized and emerging nations, the
average age at menarche seems to have decreased
in recent decades [3]. Because early menarche is
linked to a number of diseases, the decline in
menarche age is attracting attention [4].
Additionally, the risk of maternal and infant
mortality must be also taken into account [5].

An appropriate stand-in for a more precise
measurement of body fat is the body mass index.
Weight in kilograms divided by height in meters is
how BMI is determined [2]. The WHO has
declared overweight and obesity to be a global
pandemic [6]. The prevalence of overweight has
increased significantly from 4% in 1975 to over
18% in 2016 and 20% in 2022, and the percentage
of obesity in children has risen from 2 % to 8% by
the end of 2020 [7-8].

A person's socioeconomic  status is a
comprehensive indicator of their social standing
and access to financial resources [4]. For both rural
and urban families, the modified B.G. Prasad
socioeconomic status scale is employed [5-6]. The
Modified B G Prasad scale is obtained by dividing
the total monthly family income by the total
number of family members [6]. Health
policymakers might create a campaign to raise
awareness about the negative consequences of early
menarche and the importance of physical activity
and nutrition in the prepubertal age group by using
the data on the mean age of menarche and its
relationship to body mass index and socioeconomic
level [4-6].

Complications can be avoided by preventing early
menarche in the developing Nations with early
detection, preventive treatments, and risk factor
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modification [5]. The prevalence of underweight,
overweight, and obesity among school-age girls is
also shown by this study [6]. Despite this,
numerous studies undertaken globally, particularly
in India, indicate a concerning increase in early
menarche [7]. Up until now, the majority of
research has been carried out in wealthy
metropolitan schools [8]. A thorough investigation
of the relationship between mean menarche age,
socioeconomic status, and BMI in rural Karnataka
is not well documented [9-13]].

Objectives
Primary objective

e To Determine the mean age of onset of
menarche.

e To Assess the association of BMI and
Socioeconomic status to age of onset of
menarche.

Secondary objective

e To estimate the prevalence of obesity,
overweight and underweight in school going
girls who have attained menarche between 8 to
16 years of age.

Methodology

The study was conducted in schools in Rural
Karnataka, Mandya wusing a cross-sectional
observational design. Sample size of 433 was
derived using appropriate formula, Convenience
sampling was employed to select participants for
the study, which was carried out over a period of
18 months, from June 2023 to December 2024.

The inclusion criteria consisted of girls who had
attained menarche between the ages of 8 and 16
years. Exclusion criteria were applied to exclude
children whose parents or guardians did not
provide consent to participate in the study, as well
as girls diagnosed with endocrine disorders, genetic
disorders, especially abled and on chronic
treatment.

Data collection began after obtaining approval from
the institutional ethics committee. Written and
informed consent was obtained from both the
parents and participants who met the inclusion and
exclusion criteria, ensuring that confidentiality was
maintained throughout the process. A self-
formulated questionnaire was used to gather
information on the age of onset of menarche, BMI,
and socioeconomic status of the participants.

The data collected was entered into a Microsoft
Excel spreadsheet and analyzed using SPSS
Software Version 30. Descriptive and inferential
statistical analyses were performed. Continuous
variables are presented as mean =+ standard
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deviation, and categorical variables are presented
as frequencies. The assumption that the dependent
variable follows a normal distribution was made.

The

Chi-square test was

used

to analyze

associations between different variables, with
significance assessed at the 5% level.
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Pearson’s correlation was applied at the 5%
significance level to examine the relationship
between the age of onset of menarche, BMI, and
socioeconomic status. A p-value of <0.05 was
considered statistically significant.

Results

Table 1: Distribution School girls according to their age of onset of menarche

Slno | Age at menarche No of girls Percentage
1 9-10 years 9 2.1
2 10-11 years 49 113
3 11-12 years 115 26.6
4 12-13 years 157 36.3
5 13-14 years 76 17.6
6 14—15 years 23 53
7 15-16 years 4 0.9
Total 433 100

Observation: The Mean age of onset menarche is 12.3 + 1.11 years and range was from 9.2 to 15.4 years.

Majority of girl, 36.3% had onset of menarche between 12-13 years. 26.6 % had menarche between 11-12 years.
13.4% had menarche less than 11 years.
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Graph 1: Distribution of girls according to age of onset menarche
Table 2: Distribution of school girls based on their Height (in cm)
Slno | Height (in cm) No of girls Percentage
1 130- 140 39 8.8
2 140-150 192 44.3
3 150-160 178 41.1
4 160-170 25 5.8
Total 433 100

Roopashree et al.

International Journal of Current Pharmaceutical Review and Research

223




International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Observation: Mean height of students was found to be 150.4 + 6.4. Majority of girls had height between 140-
150cm i.e 44.3% and 150-160cm i.e 41.1%.

250
200
192
178
150
B = 130- 140
g m 140-150
100 =
m 150-160
m 160-170
50
height in cm
Graph 2: Distribution of school girls based on their Height (in cm)
Table 3: Distribution of school girls according to their weight
Slno | Weight (in Kg) No of girls Percentage
1 30-40 kg 279 64.4
2 40-50 kg 153 35.5
3 50-60 kg 1 2
Total 433 100

Observation: Mean weight of students was found to be 39.5+ 3.4 kg. 64.4% of girls had weight between 30-40

kg.
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Table 4: Distribution of school girls based on body mass index
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Slno | Body Mass Index No of students Percentage
1 Under weight (<5th centile BMI) 37 8.5
2 Normal (5th to 85th centile BMI) 305 70.4
3 Overweight (>equal to 23rd adult equivalent) 79 18.2
4 Obese (> equal to 27th adult equivalent) 12 2.8
total 433 100

Observation: Mean BMI was found to be 17.5 £ 2.3. 70.4% had normal BMI. 8.5 % were underweight. 2.8%
were obese and 18.2% were overweight.

Graph 4: Distribution of school girls based on Body mass index

Table 5: Distribution of school girls based on socioeconomic status

m Under weight (<5th centile BMI)

m Normal (5th to 85th centile BMI)

m Overweight (>equal to 23rd adult
equivalent)

H Obese (> equal to 27th adult
equivalent)

Slno | Socio economic status BG Prasad classification (Income per capita) | No of students | Percentage
1 Upper class (9098 INR and above ) 14 3.2
2 Upper middle class (4549 INR-9097 INR) 130 30
3 Middle class (2729 -4548 INR) 183 423
4 Lower middle class (1364 INR-2728 INR) 104 24
5 Lower class (<1364 INR ) 2 0.5
total 433 100

Majority of students (42.3%) belonged to middle class family followed by 30% of school girls belonging upper
middle class family. 24% belonged to lower middle class. Only 0.5% belonged to lower class.
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Graph 5: Distribution of school girls based on socioeconomic status
Table 6: Association between Age of menarche and BMI
Age of menarche Total
BMI 8-11 Years | 11-14 years 14-17 years
Under weight (<5th centile BMI) | 0 24 (64.9%) 13 (35.1%) 37 (100%)
Normal (5th to 85th centile BMI) | 11 (3.6%) | 280 (91.8%) 14 (4.6%) 305 (100%) | Chim value
Overweight (>equal to 23rd adult | 39 (49.6%) | 40 (50.6%) 0 79 (100%)
equivalent) 203.1
Obese (> equal to 27th adult | 8 (66.7%) | 4 (33.3%) 0 12 (100%) P-value:
equivalent) 0.. 00 )
Total 58 (13.4%) | 348 (80.4%) | 27 (6.2%) 433 Significant

Observation: 64.9% of girls underweight girls had
their onset of menarche between 11-14 years and

Roopashree et al.

91.8% of with normal BMI had menarche between
11-14 years. 66.7% of obese girls had menarche 8-
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11 years. The relation was statistically significant
with p value less than 0.05.

Relation between Age of onset of Menarche and
BMI: The linear regression analysis found the R
square value =0.380, which means than 38% of age
of onset of menarche was associated with BMI and
was found to be statically significant with p value
<0.05.

The Pearson’s
correlation.

correlation showed negative

In the equation y= B+ ax

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Gy,

y’’ represents a dependent variable

B represents the y intercept (the value of y when x
is 0)

a represents the slope(the rate of change of y with
respect X)

x represents the independent variable

Essentially describe a linear relationship where the
value of y changes proportionally to the value of x
with a constant 3

16.0
)
o

14 (o}

< 0%, o,

LLi @20 O oo

2 ¥ o o

= d:‘? (o] °9 OO

W 14.0 %% o0 %ar @, ©oo >

X @& o0 & Qo

2 P

74 :

<

=

i

=

) 12.077 o

|

[T

7]

&

= %

W 100 o

® 100 & o o o

<C (o) o

o
Ly L\ i i rS ry A A
r - (=2 =] o r = @
o (=] (=] o (=] o o o
o o o (=] (=] o o o
o (=] o (=] (=] o o o
o o o (=] (=] o o (=
o o o (=] (=] o o o
o o o o (=] o o o
o o o (=] (=] o o o
o o o (=] (=] o o o
o o o (=] (=] o (=) (=]
(=] (=] o (=] (=] o o o
o o o (=] (=] o o o
(= (=] (=] (=] (=] o o o
o o o (=] (=] o o o
o o o o o o o o
BMI

Graph 6: Scatter diagram representing the distribution of age of onset of menarche to BMI

Table 7: Association between Age of menarche and SES

Age of menarche Total

Age of | Upper Upper Middle Lower Lower
Menarche class middle class middle class

(9098 and | class (2729 - | class (<1364

above) (4549 - | 4548 INR) | (1364 -2728 | INR) Chi T

9097 INR) INR) value:112.5

<llyears 1(1.7%) 49(84.5%) | 8(13.8%) 0 0 58(100%)
11-14 133.7%) | 17(22.7%) | 168(48.3%) | 88(25.2%) | 2(0.6%) | 348(100%) | P-value:
>14 years 0 4(14.8%) |7(258%) |16(543%) |0 27 (100%) | 0.000
Total 14(3.2%) | 130(30.0%) | 183(42.3%) | 104(24%) | 2(0.5%) | 433(100%) | Significant

Observation: 84.5% of girls with age of menarche
less than 11 years belonged upper middle
socioeconomic status and 13.8% belonged to
middle class. 1.7% were from upper class and none
from lower middle and lower class. 48.3% of girls
with age of menarche between 11-14 years

Roopashree et al.

belonged to middle class and 25% and 22.7%
belonged lower middle and upper middle
respectively. Only 0.6% of girls from lower
socioeconomic class had menarche between 11-14
years.
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None of girls belonging to upper and lower class
had menarche more than 14 years. More than 50%
of girls with menarche more than 14 years
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belonged to middle class and this association was
statistically significant with p value <0.05.

Table 8: Association between BMI and SES.

SES Total
BMI Upper Upper Middle class | Lower Lower
class middle middle class | class
class Chi &t value
Underweight | 0 2(5.4%) | 10(27%) 24(64.1%) 1(2.7%) | 37(100%) | 145.7
Normal 7(2.3%) | 66(21.6%) | 152(49.8%) | 79(25.9%) 1(0.3%) | 305(100%)
Overweight | 4(5.1%) | 53(67.1%) | 21(26.6%) 1(1.3%) 0 79(100%) | Pvalue:0.000
Obese 3(25%) | 9(75%) 0 0 0 12(100%) | Significant
Total 14(32%) | 130(30%) | 183(42%) 104(24%) 2(0.5%) | 433

Observation: 64% of underweight girls belonged
to lower middle class families and 27% of them
belonged to middle class family. Only 5.4% of
underweight girls belonged to upper middle class
and none in upper class. Nearly 50% of girls with
normal BMI belonged to middle class family and
25% belonged to lower middle and 21.6% belonged

to upper middle. 67.1% of girls with overweight
belonged to upper middle and 26.6% belonged to
middle class. 75% of girls who were obese
belonged to upper middle and 25 % belonged to
upper class. This association of BMI with weight
was statistically significant with p value less than
0.05.
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Graph 7: Showing the distribution of BMI and SES with age of onset of menarche

Discussion

India is wundergoing a rapid epidemiological
transition [4]. The burden of non-communicable
diseases is overtaking the burden of infectious
diseases. Life style transition and economic
improvement have contributed to adolescent
obesity8. There has been a dramatic increase in the
past 30 years in adiposity and excess body weight
relative to height in young children and
adolescents. Anthropometric indices are extremely
useful, cost-effective, and time-saving tools for
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determining a child's nutritional status. Puberty is
one of the important milestone in adolescent
period, as age of menarche attainment and its
relation to obesity and socio economic status is the
talk of the hour.

The present study aimed to examine the age of
onset of menarche and its correlation with BMI and
socioeconomic status in rural school-going girls. In
comparison, Megha Agrawal et al [1]. (2016)
conducted a study among 600 adolescent girls aged
12-17 years, finding a mean age of menarche of
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12.75 £ 1.06 years [1]. Our study showed a slightly
lower mean age of 12.3 + 1.1 years, with a mean
BMI of 17.5 + 2.3 kg/m?, which was lower than the
21.6 + 3.64 kg/m? reported by Agrawal et al. Both
studies found a positive correlation between higher
BMI and earlier onset of menarche compared to
normal and underweight girls [1].

Similarly, Mangala Belavaneki et al [2]. (2017)
reported a mean menarcheal age of 12.4 + 1.0 years
among 116 girls aged 11-16 years, closely aligning
with our findings of 12.3 + 1.1 years. However,
their study did not find a significant association
between BMI and age of menarche, contrasting
with our study which showed a significant
association between menarcheal age, BMI, and
socioeconomic status (p-value < 0.000).

Xuan Zhou et al [3]. (2018) conducted a systematic
review and meta-analysis on 13,338 girls and found
that childhood overweight/obesity was linked to a
significantly higher risk of early puberty, a result
consistent with our study’s findings. Dr. Madanika
et al [4]. (2019) also reported higher rates of
overweight and obesity in higher socioeconomic
status (SES) groups, which was supported by our
findings, where the prevalence of overweight and
obesity was 18.2% and 2.8%, respectively.

In contrast, studies like those of Anil K. Agarwal et
al [5]. (2020) found the mean age of menarche to
be 12.94 + 1.04 years in adolescent girls aged 9 to
16, with the most frequent age being 13 years,
which was slightly higher than our peak age of 12
to 13 years. Amrita Behel et al [6]. (2021) found
that higher physical activity levels were associated
with later onset of menarche, a factor we did not
explore directly but still found a significant
association with BMI and socioeconomic status in
our study. Further studies, like those by Magdalena
Zeglen et al [10]. (2021) and Narayanan
Namboothiri et al [7]. (2022), have shown a
significant relationship between socioeconomic
factors and menarche, aligning with our findings
that BMI and SES significantly influence the age of
menarche. The present study reinforces the role of
BMI in early onset of menarche. Socioeconomic
status also proves to be one of the prime factors
associated with Early onset of menarche. The study
had limitations like, Firstly it was conducted in a
rural area with limited population which was region
specific so the generalizability of the results was
limited. Secondly confounding factors was not
taken into consideration.

Conclusion

The present study highlights a significant
association between body mass index (BMI),
socioeconomic status (SES), and the age of onset of
menarche. The estimated mean age of menarche
among the study population was 12.3 + 1.1 years,
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which shows the declining trends in age of onset of
menarche. Statistical analysis revealed a significant
correlation between BMI and the timing of
menarche, suggesting that higher BMI is associated
with earlier onset, whereas lower BMI may
contribute to delayed menarche. Similarly,
socioeconomic status was found to be significantly
linked to menarcheal age, with higher SES groups
experiencing earlier menarche coincides with lower
socio-economic status attaining menarche later.
The prevalence of obesity, overweight and
underweight was 2.8%, 18.2% and 8.5%
respectively among school going girls who have
attained menarche.

These findings emphasize the role of both BMI and
socioeconomic status in early pubertal development
and underline the importance of public health
initiatives to developed interventions in enhancing
health thereby achieving optimal BMI. Further
research is recommended to explore the long-term
health implications of early or delayed menarche
and also other factors associated with -early
menarche like diet, nutritional status, mothers age
of onset of menarche and screen time.
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