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Abstract:

Background: Overweight and increased Body Mass
Index (BMI) have been among the major changes in
girls and is one of the likely factors affecting the
menarche age. Aim and Objectives: To determine
correlation of age at menarche with BMI in adolescent
girls of urban and rural schools of Vijayapura, North
Karnataka. Material and Methods: A prospective cross-
sectional study was conducted by Department of
Obstetrics and Gynaecology, Shri. B. M. Patil Medical
College Hospital and Research Centre, BLDE (Deemed
to be University), between 1"July 2019 to 29"February
2020.Girls below the age of 19 years who had attained
menarche were included. Height and weight were
measured, and BMI was calculated. Statistical analysis
was carried out in SPSS software, version 23.0 and
Microsoft 2010. Correlation between age at menarche
and BMI was assessed in adolescent girls of urban and
rural schools of Vijayapura. Results. The mean age at
menarche among adolescent girls of urban and rural
schools was about 13.6 + 1.2 years. Among all
participants, 60.2% were from urban area and 39.8%
were from rural area. The mean age of the menarche
was 13.8 £ 1.2 in rural population and 13.5 £ 1.3 in
urban population (p value <0.001). Among all study
participants, 48.3% had normal BMI; however, 29.8%,
15.4%, 5.8% and 0.7% were underweight, severe
underweight, overweight, and obese respectively.
Majority of girls had normal BMI in both urban (49.2%)
and rural settings (47.0%). Conclusion: A statistically

significant association (p< 0.05) was noticed between
onset of menarche and area of residence. There was an
inverse correlation between BMI and age at menarche,
although this was not statistically significant.
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Introduction:

One of the most important part of a girl's life is the
period of transition from puberty to adolescent,
and the marker of this period is the attainment of
menarche that is the beginning of the menstrual
cycle. It usually occurs between the age group of
10-16 years with a wide variation [ 1]. The average
age of menarche in India is 14.3 years whereas; in
other developing countries like Nepal it is 16.2
years; 15.8 years in Bangladesh and 12.8 years in
Sri Lanka. In the industrialized or developed
countries like Great Britain the age of menarche is
13.3 years, in France 13.05 years and in the United
States it i1s 12.8 years. The normal ovulatory
menstrual cycle ranges from 21-35 days and
usually lasts from 3 to 5 days, with a range of 2-7
days [1]. Usually, for the first few years of
attainment of menarche, the cycles will be
irregular and longer in duration [1]. As we know,
the puberty is the result of activation of the
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complex neuroendocrine regulatory mechanisms
which in turn results in a pulsatile release of GnRH
secretion [2]. But, still the exact mechanism is not
completely known. It has been observed that is a
relatively slow or modest increase in the average
age of menarche [3-4].

Along with the attainment of menarche, there are
marked physical changes such as, the development
of breast; pubic hair and height spurt [5-6].
Menarche is associated with literacy, industriali-
zation leading to lifestyle changes and also the
environmental changes [7]. The average age of
menarche is decreasing at a rate of three months
every 10 years and is seen in both developed and
developing countries, which in turn is attributed to
improvement in the socioeconomic status,
improved accessibility to health care with an
associated increase in intake of energy rich food
[8]. Age of menarche has been reported to be
associated with growth status as reflected by
height, weight and Body Mass Index (BMI) [9].
Some epidemiological studies indicate that the
adolescent girls who have reached menarche
earlier, gain more weight and height and so have
higher BMIs than girls of the same age who have
not started menstruating [10]. Consequently,
adolescent girls may have a BMI in the range of
overweight because of early onset of puberty rather
than the accumulation of excess fat [11]. Age at
menarche may also represent an important clinical
and public health indicator of susceptibility to
obesity in adulthood with its attendant morbidity
[12].

Overweight and increased BMI have been among
the major changes in girls and is one of the likely
factors affecting the menarche age [13]. Early
menarche is related to increased risk of diseases

such as breast cancer, obesity and endometrial
cancer[14-16]. The decline in the age of
attainment of menarche or attainment of early
menarche is known to be prone to risk factors like
obesity, metabolic syndrome, cardiovascular
disease and breast cancer [17-18]. Early menarche
leads to premature closure of the epiphyseal plates
and thus leads to shorter final height than other
women [19] but have higher risk of cancers related
to hormonal changes like breast and endometrial
cancer [20-21]. Other factors which influence the
age of menarche are economic and social status;
public health; location and geographical location;
nutrition; exposure to light; mental status; chronic
diseases and environmental stimuli [22-24].

Material and Methods:
Study Design:
Aprospective cross-sectional study

Study Place:

At schools by Department of Obstetrics and
Gynaecology, Shri. B. M. Patil Medical College
Hospital and Research Centre, BLDE (Deemed to
be University), Vijayapura, Karnataka, India.

Study Duration:
From 1*July 2019 to 29"February 2020

Study Population:
Girls below the age of 19 years who have attained
menarche

Ethical Clearance:

Ethical Clearance was obtained from Institutional
Ethics Committee, BLDE(DU)/IEC/365-/209-20.
A cross-sectional study was conducted among the
school girls aged below 19 years and who had
attained menarche. After obtaining permission
from the school principal with a prior verbal
consent from the students and their parents to
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them, and the data about height, weight and the
age of menarche was recorded for each student. In
the present study we measured the height in cm. A
measuring chart pasted on to the plain wall was
used for this purpose. The students were told to
remove the shoes and were asked to stand straight
with legs together against the wall with the
shoulders, back, head and legs in the same line
with the arms to the sides, by keeping a ruler on the
head on top. The weight in kilograms was
measured using an electronic weighing machine.
BMI was calculated with the formula: weight
divided by height squared: BMI = mass (kg) /
[height (m’)]. Age of menarche in years was noted
by asking the participants when they matured
[25]. Atthe end of collection of data, an awareness
programme regarding the menstrual hygiene was
conducted for the students.

Study population description:

A total of 10 schools were randomly included for
this study with the permission of the Block
Education Officer (BEO) Vijayapura. Students
who fulfilled the inclusion criteria were included
and the rest were excluded. As girls from nearby
villages also attended the schools, so they were
considered as rural population.

After calculating the BMI, the participants were
categorised into - Severe underweight < 15;
underweight < 18.5; normal -18.5-24.9;

overweight- 25.0-29.9; Obese = 30.

Statistical Analysis:

Analysis was carried out in SPSS software v.23.0
and Microsoft 2010. The data were summarized
descriptively. For continuous variables, the
summary statistics of Mean + Standard Deviation
(SD) were used. For categorised data, the number

and percentage were used in the data summaries
and diagrammatic presentation. Chi-square (y2)
test was used for association between two
categorical variables. If the p-value was < 0.05,
then the results were considered to be statistically
significant otherwise it was considered as not
statistically significant.

Results:

A total of 1500 girls were included in the study, of
which 484 girls were not sure of their age of
menarche; so, they were excluded from the study
group. The age group of the girls included in the
study was below19 years of which the maximum
number of girls were in the group of 17-17.9
(31.6%) (Table 1). The average age at menarche in
our study was 13.6 £ 1.2 (Table 2). Among all
participants, 4.6% had attained menarche before
the age of 12 years and those who attained after 16
years were 5.3%. Majority of the study population
(90.1%) had attained menarche between 12-16
years (Table 1). Among 1016 girls in the study, 612
(60.2%) were from urban population and 404
(39.8%) were from rural population (Table 2).
Among all study participants, 48.3% had normal
BMI. However, 29.8%, 15.4%., 5.8% and 0.7%
were underweight, severe underweight, over-
weight, and obese, respectively (Table 3). In our
study, majority of girls had normal BMI in both
urban (49.2%) and rural setting (47.0%). Table 6
represents the BMI distribution according to area of
residence. No statistically significant association (p
= 0.165) was noticed between BMI and area of
residence. In present study, we determined the
correlation of age of menarche with BMI and hip to
waist ratio in adolescent girls of urban and rural
schools. The mean age of the menarche was 13.8 +
1.2 in rural population and 13.5 £ 1.3 in urban
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population. (Table 4) There was a significant
association (p<0.001) between the onset of
menarche and area of residence, indicating that
area of residence is dependent on the onset of
menarche. However, there was no significant

association (p = 0.119) between BMI of study
participants and age of menarche (Table 4). A
negative correlation was noticed between age of
menarche and BMI (Table 4).

Table 1: Age Distribution of the Study Participants

Variable | Number of participants (n=1016) | Percentage
Age (Years)

12.0-12.9 11 1.1
13.0-13.9 52 5.1
14.0-14.9 141 13.9
15.0-15.9 182 17.9
16.0-16.9 138 13.6
17.0-17.9 321 31.6
18.0-18.9 156 15.4
19.0-19.9 12 1.2
Age of Menarche

7.0-7.9 1 0.1
8.0-8.9 0 0
9.0-9.9 0 0
10.0-10.9 5 0.5
11.0-11.9 41 4
12.0-12.9 143 14.1
13.0-13.9 255 25.1
14.0-14.9 321 31.6
15.0-15.9 196 19.3
16.0-16.9 51 5.0
17.0-17.9 1 0.1
18.0-18.9 2 0.2
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Table 2: Descriptive of the Study Participants

Parameters Frequency Percentage
Residential Area

Urban 612 60.2
Rural 404 39.8
BMI Grading

Severe Underweight (15<BMI<16) 156 154
Underweight (16 <BMI<18.5) 303 29.8
Normal (18.5<BMI<25) 491 48.3
Overweight (25 <BMI<30) 59 5.8
Obese (30<BMI) 7 0.7
Age of Menarche (Mean+SD) 13.6£1.2

Table 3: BMI Distribution by Place of Residence

BMI Grading Urban Rural P
N % N %

Severe Underweight (15<BMI<16) 96 15.7 60 14.9

Underweight (16 <BMI<18.5) 172 28.1 131 32.4

Normal (18.5<BMI<25) 301 49.2 190 47.0

Overweight (25<BMI<30) 36 5.9 23 5.7 105

Obese (30<BMI) 7 1.1 0 0.0

Total 612 100.0 404 100.0

Age of Menarche (Mean+SD) 13.8+1.2 13.5+1.3 <0.001
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Table 4: BMI by Age of Menarche

BMI Age of Menarche P
Mean + SD

Underweight 13.7+1.3

Normal 13.6+1.3

Overweight 134+1.3 0.119

Obese 139+1.6

Total 13.6+1.3

Discussion:

In the present study, we investigated the correlation
of age of menarche with BMI in adolescent girls of
urban and rural schools in northern Karnataka. The
age group of the girls who attained menarche
below 19 years were included in the study, of
which the maximum number of girls were in the
group of 17-17.9 (31.6%).The average age of
menarche in our study was 13.6 + 1.2. In our study,
the average age of menarche in urban area girls was
13.5 + 1.3 years and rural area girls was 13.8 + 1.2
years. In a study conducted at Mangalore,
Karnataka, the mean age of the menarche was
12.34 £ 1.35 years which is lower than the result of
the current study [27]. In a cross-sectional study,
conducted in south Indian population showed that
onset of age at menarche was about 13 + 1.1 years,
which is slightly lower than our study findings [1].
Another study conducted in northern India showed
an average age of menarche was 12-13.4 years
[25]. In a cohort study conducted in Tehran in 2014,
the average age at menarche was 13.06 + 1.24 years
which is similar to the results of the current study
[27]. This is similar to the global figure of 14 years

[28]. In another study of Saudi Arabia in 2014, the
mean age of the menarche was 11.5 = 1.48 which is
lower than our study findings [29]. The concern
about the age at menarche in different societies is
its decreasing trend as a risk factor for breast cancer
and cardiovascular disease [29-30].

Among 1016 girls in the study, 612 (60.2%) were
from urban population and 404 (39.8%) were from
rural population. Among all study participants,
48.3% had normal BMI; however, 29.8%, 15.4%,
5.8% and 0.7% were underweight, severe
underweight, overweight, and obese, respectively.
A study conducted in Tehran reported that among
the participants, 77.7% had normal BMI; however,
4.3%, 10.4%, and 7.7% were underweight, over-
weight, and obese, respectively which is in
consistent to our study findings [27]. In the present
study, a majority of girls had normal BMI in both
urban (49.2%) and rural setting (47.0%). In
contrast to our findings, a study conducted in
Indonesia identified the differences in overweight
and obesity risk factors in rural and urban areas
[34]. Those living in urban areas had a higher
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percentage of overweight and obesity than rural
area. No statistically significant association (p =
0.165) was noticed in our study between BMI and
area of residence. This may be due to the fact that
the schools visited in the urban area were
Government aided schools which catered to girls
from low socio-economic status.

In present study, we aimed to assess the association
of age of menarche with BMI in adolescent girls of
urban and rural schools. The mean age of the
menarche was 13.8 £ 1.2 in rural population and
13.5 £ 1.3 in urban population. There was a
significant association (p<0.01) between the onset
of menarche and the area of residence, indicating
that change in area of residence is dependent on the
onset of menarche. Similar to our study findings a
study done at Uttar Pradesh, India observed that
mean age at menarche was significantly higher
among rural population (12.51 £ 1.55) than urban
population (12.37 + 1.46) [35]. A multicentric
study conducted suggested that the menarcheal
age was significantly associated (p<0.01) with the
area of residence, geographic region, linguistic
groups, educational attainment, wealth status,
caste and religious affiliations among Indian
women [36]. However, there was no significant
association (p = 0.119) between BMI of study

participants and age of menarche. In a cross-
sectional study conducted on 170 adolescent girls
aged between 18 and 25 years in Kerala, India it
was observed that there was no significant
correlation between age at menarche, BMI, and
waist-hip ratio [28]. A negative correlation was
noticed between age of menarche and BMI. (r = -
0.034), showing that increase in BMI was
inversely correlated to onset of menarche. In a
descriptive cross-sectional study that was
conducted in Nigeria among female adolescent
girls in three secondary schools showed that age at
menarche and BMI were inversely correlated to
each other [37]. No significant differences in the
age at menarche and BMI were observed in the
present study. There was an inverse correlation
between BMI and age at menarche, although this
was not statistically significant.

Conclusion:

The mean age at menarche among adolescent girls
of urban and rural schools was 13.6 = 1.2 years. A
majority of the study population (90.1%) had
attained menarche between 12-16 years. Majority
of girls had normal BMI in both urban and rural
setting. No statistically significant association
was found between BMI and area of residence.

References

1. Omidvar S, Amiri F, Bakhtiari A, Begum K. A study on
menstruation of Indian adolescent girls in an urban area
of South India. J Fam Med PrimCare 2018;7(4):698-
702.

2. Khadgawat R, Marwaha RK, Mehan N, Surana V,
Dabas A, et al. Age of onset of puberty in apparently
healthy school girls from Northern India. Indian
Pediatr2016;53(5): 383-387.

3. Singh SP, Malhotra P. Secular shift in menarcheal age
of Patiala (India) schoolgirls between 1974 and1986.
Ann Hum Biol 1988; 15(1):77-80.

4. Agarwal DK, Agarwal KN, Upadhyay SK, Mithal R,
Prakash R, Rai S. Physical and sexual growth pattern of
affluent Indian children from 5 to 18 years of age.
Indian Pediatr 1992;29(10):1203-1282.

5. Karapanou O, Papadimitriou A. Determinants of
menarche. Reprod Biol Endocrinol2010;8:115.

6. Bassi R, Sharma S, Saini AS, Kaur M. Correlation of
menstrual pattern with body mass index in young female
students. J Phys Pharm Adv 2015; 5(2):556-564.

© Journal of Krishna Institute of Medical Sciences University 78



JKIMSU, Vol. 9, No. 3, July-September 2020

Aruna M. Biradar et al.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gaudineau A, Ehlinger V, Vayssiere C, Jouret B,
Arnaud C, Godeau E. Factors associated with early
menarche: results from the French Health Behaviour in
School-aged Children (HBSC) study. BMC Public
Health2010;10:175.

Tanner JM. Fetus into Man. UK: Castlemead
Publications, 1989.

Shuttleworth FK. Sexual maturation and the physical
growth of girls age six to nineteen. Monogr Soc Res
Child Dev1937;2(5):253.

Stark O, Peckham CS, Moynihan C. Weight and age at
menarche. Arch Dis Child 1989; 64(3):383-387.

Himes JH, Park K, Styne D. Menarche and assessment
of body mass index in adolescent girls. J Pediatr 2009;
155(3):393-397.

Harris MA, Prior JC, Koehoorn M. Age at menarche in
the Canadian population: secular trends and
relationship to adulthood BMI. J Adolesc Health 2008;
43(6):548-554.

Demerath EW, Towne B, Chumlea WC, Sun SS,
Czerwinski SA, Remsberg KE, ef al. Recent decline in
age at menarche: the Fels Longitudinal Study. Am J
Hum Biol2004; 16(4):453-457.

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 Control2009;20(5):713-720.

van Lenthe FJ, Kemper CG, van Mechelen W. Rapid
maturation in adolescence results in greater obesity in
adulthood: The Amsterdam growth and health study.
AmJ Clin Nutr 1996; 64(1):18-24.

McPherson CP, Sellers TA, Potter JD, Bostick RM,
Folsom AR. Reproductive factors and risk of
endometrial cancer. The Towa women's health study.
AmJ Epidemiol 1996, 143(12):1195-202.

Sloboda DM, Hickey M, Hart R. Reproduction in
females: the role of the early life environment. Hum
Reprod Update2011;17(2):210-227.

Golub MS, Collman GW, Foster PM, et al. Public
health implications of altered puberty timing.
Pediatrics 2008; 121(Suppl 3):S218-5230.
Onland-Moret NC, Peeters PH, van Gils CH, et al. Age
at menarche in relation to adult height: the EPIC study.
AmJ Epidemiol 2005; 162(7):623-632.

Hsieh CC, Trichopoulos D, Katsouyanni K, Yuasa S.
Age at menarche, age at menopause, height and obesity
as risk factors for breast cancer: associations and
interactions in an international case-control study. /nt J
Cancer 1990;46(5):796-800.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Berkey CS, Frazier AL, Gardner JD, Colditz GA.
Adolescence and breast carcinoma risk. Cancer 1999;
85(11):2400-2409.

Amigo H, Vasquez S, Bustos P, Ortiz G, Lara M.
Socioeconomic status and age at menarche in
indigenous and non-indigenous Chilean adolescents.
Cad Saude Publica2012;28(5):977-983.

Oh CM, Oh IH, Choi KS, Choi BK, Yoon TY, Choi JM.
Relationship between body mass index and early
menarche of adolescent girls in Seoul. J Prev Med
Public Health2012;45(4):227-234.

Wronka I. Association between BMI and age at
menarche in girls from different socio-economic
groups. Anthropol Anz2010; 68(1):43-52.
Snaebjornsson T, Svantesson E, Sundemo D, Westin O,
Sansone M, Engebretsen L, ef al. Young age and high
BMI are predictors of early revision surgery after
primary anterior cruciate ligament reconstruction: a
cohort study from the Swedish and Norwegian knee
ligament registries based on 30,747 patients. Knee Surg
Sports Traumatol Arthrosc 2019;27(11):3583-3591.
Gopalakrishna PK, Purushothaman S, Reghunath S,
Pushkar B, King KI. Association of age at menarche
with body mass index and waist-hip ratio. /ntJ Med Sci
Public Health2016;5(8):1631-1634.

Tehrani FR, Mirmiran P, Gholami R, Moslehi N, Azizi
F. Factors influencing menarcheal age: results from the
cohort of Tehran lipid and glucose study. Int J
Endocrinol Metabol 2014; 12(3):e¢16130.

Gathani T, Ali R, Beral DV. Risk factors for breast
cancer in India. An INDOX case-control study.
INDOX Cancer Research Network. Available from:
www.indox.org. uk/node/34

Al-Agha AE, Alabbad S, Tatwany B, Aljahdali A.
Menarche age of mothers and daughters and
correlation between them in Saudi Arabia. Reprod Syst
Sex Disord2015;4(3):1000153.

Lakshman R, Forouhi NG, Sharp SJ,Luben S,
Bingham SA, Khaw KT, et al. Early age at menarche
associated with cardiovascular disease and mortality. J
Clin Endocrinol Metab 2009; 94(12):4953-4960.
Titus-Ernstoff L, Longnecker MP, Newcomb PA, Dain
B, Greenberg ER,Stampfer M, et al. Menstrual factors
in relation to breast cancer risk. Cancer Epidemiol
Biomarkers Prev1998;7(9):783-789.

Anderson SE, Dallal GE, Must A. Relative weight and
race influence average age at menarche: Results from
two nationally representative surveys of US girls studied
25 years apart. Pediatrics 2003; 111(4 Pt 1):844-850.

© Journal of Krishna Institute of Medical Sciences University 79



JKIMSU, Vol. 9, No. 3, July-September 2020

Aruna M. Biradar et al.

33.

34.

35.

Mohammad K, Zeraati H, Majdzadeh S, Karimloo M.
[Evaluating the trend of change in the mean onset age
of menarche in Iranian girls]. J Reprod Infertil
2006;6(5):523-31. Persian.

Nurwanti E, Hadi H, Chang J, Chao JCJ, Paramashanti
BA, Gittelsohn J, et al. Rural-urban differences in
dietary behavior and obesity: results of the riskesd as
study in 10-18-year-old Indonesian children and
adolescents. Nutrients 2019; 11(11):2813.

Khatoon T, Verma A, KumariR, RajaR, Singh M, Rizvi
A, et al. Age at menarche and affecting Bio-Social
factors among the girls of Lucknow, Uttar Pradesh. J
Indian Acad Forensic Med2011;33(3):221-223.

36.

37.

Pathak P, Tripathi N, Subramanian S. Secular Trends in
Menarcheal Age in India-Evidence from the Indian
Human Development Survey. PLoS One 2014; 9(11):
el11027.

Garba [, Rabiu A, Abubakar I. Age at menarche and its
association with overweight/obesity among
adolescents in Kano.J Med Trop 2017; 19(2):90.

"Author for Correspondence:

How to cite this article:

Dr. Aruna M. Biradar, Department of Obstetrics and
Gynaecology, Shri. B.M. Patil Medical College
Hospital and Research Centre, BLDE (Deemed to be)
University, Vijayapura- 586103, Karnataka Email:
aruna.biradar@bldedu.ac.in Cell:8197191472

Biradar AM, Yaliwal RG, Kori SS, Sangolli LS, Shirgur
SS, Mathapati SS. A Prospective Cross-Sectional Study
to Assess the Association of Age of Menarche with
Body Mass Index in Adolescent Girls of Urban and
Rural Schools of Vijayapura, North Karnataka. J

Krishna Inst Med Sci Univ2020; 9(3):72-80

1 Submitted: 15-May-2020 Accepted: 06-June-2020 Published: 01-July-2020 'k

© Journal of Krishna Institute of Medical Sciences University 80



