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KEYWORDS ABSTRACT
Adolescents, Menarche, The onset of an adolescent’s period is accompanied by physiological, emotional, and
Onset, Variables bebavioral changes that signal the beginning of menarche in females. Menarche is a significant

developmental milestone. This study examines the relationship between menstrual onset and
height, weight, waist circumference (WC), bip circumference (HC), thigh circumference (TC),
body mass index (BMI), and mid-upper arm circumference (MUAC). The study included
288 adolescent females, with 42% aged 10 to 12, 53.5% aged 13 to 15, and 4.5% aged 16 to 18.
The participants’ menarcheal status was classified as not begun (15.3%), early onset (65.6%),
and late onset (19.1%). Girls who reached menarche at a later age had bigher mean beight,
weight, BMI, MUAC, WC, HC, and TC. There was also a significant difference between non-
menstruating females and those who began menstruating at a younger age. All antbropometric
factors showed a positive association with age at menarche. Although overweight and obesity
were not observed in this study, a tendency toward overweight can contribute to various
disorders. Therefore, early intervention should be implemented to help adolescent females
maintain a typical age at menarche, thereby promoting healthy bebaviors and lifestyles.

Introduction

The transition from late childhood to early adolescence is characterized by a range of emotional,
psychological, physical, and biological changes. Growth spurts during this period serve as a significant
indicator of the onset of puberty, which includes the beginning of menstruation. The physiology of
menarche is influenced by both external and internal factors. External factors include adaptive habits,
while internal factors encompass body height, weight, body composition, nutritional patterns, diseases,
physical activity, and reproductive history (Thomas ez /. 2001; Honigberg ez al. 2019; Yan et al. 2024).
Menarche is closely associated with changes in pubertal characteristics. According to Rah ez al. (2009),
the onset of stress plays a critical role and is a significant predictor of various chronic illnesses. It also
influences population size and is a key factor in sexual maturity. Premature marriage and birth order,
specifically in low- and middle-income countries, are linked to an increased risk of certain types of
cancers (Rah ez al. 2009).

Teenagers who are taller and have higher body mass tend to experience menarche at a younger age,
while those who are shorter and have lower body fat tend to experience it later. Menarcheal age is
an important factor (Choudhary ez al. 1977; Osteria 1983; Choudhury ez 4/. 2000; Rah ez al. 2009).
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Early menarche is associated with various issues related to overweight and obesity (Pejhan ez a/. 2011;
Pramanik ez al. 2015), which can lead to cardiovascular diseases, including heart disease, diabetes, and
types pf cancer (Lakshman ez 4/. 2009). Irregular menstrual flow and delayed menarche can result in
osteoporosis (Karapanou and Papadimitriou 2010; Pramanik ez 4/. 2015) or loss of bone mass (Anai
et al. 2011; Pramanik e al. 2015). The present study used self-reported data from adolescent females
belonging to the Rajbanshi community to assess the age of menarche in relation to height, weight, waist
circumference (WC), hip circumference (HC), thigh circumference (TC), BMI, and MUAC.

Materials and Methods

West Bengal, a state in eastern India, is divided into North Bengal and South Bengal. North Bengal
consists of eight districts, where people speak various languages and dialects and have diverse ethnic and
cultural traditions. This region is home to Hindu and Muslim castes who speak Nepali, Lepcha, Toto,
Mech, Drukpa, Rajbanshi, and Bengali (Mondal and Sen 2010; Sen and Mondal 2012; Debnath ez a/.
2017; Tigga et al. 2018; Bose et al. 2020).

Data for the present cross-sectional study were collected from a co-educational high school in a
remote area of the Darjeeling district between July and September 2024. The study was conducted
among 288 school-going Rajbanshi adolescent females aged 10 to 18 years. The participants attended
a school located in Mulaijote, in the Naxalbari Block. The Rajbanshi originally came from Assam and
certain parts of North Bengal and are mostly related to the Koch people of Assam. According to Kumar
et al. (2004), the Rajbanshi are a semi-Hindu caste composed of a mix of Mongoloid and Caucasoid
populations. Adolescent females were selected using a multistage stratified random sampling procedure.
Initially, 310 children were invited to participate in the study, but 22 were excluded because they did not
belong to the appropriate age group or the Rajbanshi community. In a similar study by Pramanik ez a/.
(2015), the females included were divided into three categories: not started, early menarcheal age, and
late menarcheal age. The girls had no physical abnormalities or nutritional disorders. The school registry
was reviewed to verify age and ethnicity.

School officials were informed about the project, and prior authorization was obtained from both
the school and the Department of Anthropology at North Bengal University.

Anthropometric Measurement

Anthropometry is a valuable and straightforward method for determining the nutritional status and
body composition of a population or individual. Height and weight were recorded. Using standard
techniques and an anthropometric rod, height was measured to the nearest 0.10 cm. A highly portable
weighing scale was used to measure the weight of the children to the nearest 0.110 kg. The children wore
minimal clothing and were barefoot during weight measurement.

Nutritional status assessment and socioeconomic-demographic data

Body mass index (BMI) was calculated using the internationally accepted standard equation: BMI
= Weight/Height* (kg/m?) (WHO 1995). BMI is a reliable indicator that reflects both undernutrition
and overnutrition.

A schedule was used to collect data on age at menarche and related characteristics. To ensure accuracy,
questions were clearly and concisely explained. Data on menarcheal age were collected by interviewing
adolescent females. The analysis in the current study was based on self-reported data regarding the onset
of menstruation among female adolescents aged 10 to 18 years.

Statistical Analysis

All anthropometric values were obtained using the Statistical Package for Social Sciences (SPSS,
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Version 20.0). The study subjects were categorized into three groups based on their age at menarche. The
mean * standard deviation was reported for menarcheal age. Correlations with different anthropometric
variables were tested using Pearson’s correlation. A p-value less than 0.05 was considered significant.

Results

The study population shown in Fig. 1 was categorized into three stages: 121 (42%) girls were aged
10-12 years, 154 (53.5%) were aged 13-15 years, and only 13 (4.5%) were aged 16-18 years. Figure 2
shows that 30.55% were underweight and 69.44% were of normal weight. There were no overweight or
obese adolescents in the population.

Figure 3 depicts the distribution of teenage females based on their age at menarche: 15.3% had not
yet begun menarche, 65.6% had an early onset, and 19.1% had a late onset.

Menarcheal age was positively associated with increases in height, weight, MUAC, HC, WC, TC,
and BMI with later occurrence of menarche [Fig. 4 (a—g)]. The greatest difference was observed in
weight among adolescent girls in all groups (not started, early started, and late started) [Fig. 4 (b)], while
the smallest difference was found in the height of girls whose menarche started late as well as early.

Table 2 presents age group—specific descriptive statistics for indices of anthropometric variables
among the Rajbanshi adolescent population. The mean height gradually increased from those who had
not started menarche to those who started later. Weight (51.19 kg), MUAC (22.94 cm), WC (78.37 cm),
HC (83.10 cm), TC (43.39 cm), and BMI (19.42 kg/m?) all show a positive increase among the group
where menarche started later than usual. The observed F values with p < 0.01 are as follows: height
(43.24), weight (39.95), MUAC (23.84), WC (27.19), HC (15.85), TC (25.63), and BMI (22.52). The
analysis shows a significant difference in various indices — including height, weight, MUAC, WC, HC,
TC, and BMI - among adolescent girls who had not started menarche, started early, and started late.
The study indicates that the mean height is 147.19 cm, weight is 42.84 kg, MUAC is 21.04 cm, WC is
71.77 cm, HC is 77.36 cm, TC is 39.41 cm, and BMI is 19.42 kg/m” for the total population.

Table 3 shows the correlation between different anthropometric variables of Rajbanshi adolescent
girls. Age at menarche was positively and significantly correlated with height (.482), weight (.468), BMI
(.369), MUAC (.378), WC (.400), HC (.316), and TC (.389). Height had a positive and significant
correlation with age at menarche (.482), weight (.906), BMI (.703), MUAC (.751), WC (.748), HC
(.748), and TC (.785). Weight was positively and significantly correlated with BMI (.934), MUAC
(.789), WC (.823), HC (.702), and TC (.809). BMI was also positively correlated with MUAC (.700),
WC (.769), HC (.634), and TC (.700). MUAC correlated significantly and positively with WC (.828),
HC (.780), and TC (.860).

Discussion

Puberty in teenage girls is marked by the onset of menarche, an essential event characterized by
continuous and progressive changes, and serves as a benchmark for the initiation of sexual reproduction
(Rah ez al. 2009; Pramanik e a/. 2015). Various illnesses, stress factors, genetic, and socio-demographic
variables all affect the age of menarche (Khan ez a/. 1996; Chowdhury ez a/. 2000; Kaplowitz ez al. 2001;
Parent ez al. 2003; Lee ez al. 2013). In this study, the majority of females began menstruating earlier. The
mean weight of the participants was 42.84 + 10.77 kg, which is lower than that of girls studied by Pejhan
(2011) in Sabzevar, Iran (51.43 + 10.73 kg) and Hozoori ez al. (2017) (53.2 £ 10 kg), but higher than the
Angami girls (40.91 + 9.75 kg) studied by Nagi and Dkhar (2024).

Studiessuchas Choeral.(2010),Stocklezal. (2011), Leeeral. (2011),and Lee ez a/.(2013) have shown
that obesity and body fat impact the onset of menarche. In the present study, a 33.55% prevalence of
undernutrition was observed, while the remaining 69.44% of the population was classified as normal. A

271



272

Bose A., Khatun A. / Antrocom Online Journal of Anthropology, vol. 21 n. 2 (Winter 2025) 269-278

similar study by Sodha and Dave (2019) found that 39% were underweight, 44% were normal, 12% were
overweight, and only 5% were obese. Hozoori ez 4/. (2017) studied schoolgirls in Qom, Iran, and found
that 4% were underweight, 71% were normal, 17% were overweight, and 8% were obese. Furthermore,
the present study did not record any cases of overweight or obesity among the study group.

A study by Lee ez al. (2013) reported that the mean height for early menarche was 160.4 £ 5.2 cm,
and for late menarche, it was 162.3 + 4.7 cm, whereas in the present study, the mean height was 146.84
* 9.41 cm for early menarche and 147.19 £ 9.23 cm for late menarche. Similarly, Pramanik ez 4/. (2015)
found that the mean height for early menarche was 127 £ 5.22 cm, while for late menarche it was 172.53
*13.20 cm. Similar observations were found in relation to weight, BMI, and waist circumference. The
MUAC study by Pramanik ez /. (2015) showed a mean of 24.61 £ 2.46 cm for early menarche and
21.41 £ 2.16 cm for late menarche, whereas in the present study, the MUAC for early menarche was
21.0 £ 3.18 cm and for late menarche was 21.40 = 1.02 cm.

Many studies show that taller girls attain menarche at an earlier stage. The present study shows a
positive correlation between height (Chaudhary ez 4/. 2017), weight, and age at menarche, supporting
the findings of Lee ez al. (2013) and Pramanik ez /. (2015), whereas Chaudhary ez a/. (2017) observed a
negative correlation with weight. Hozoori ez 4/. (2017) found that weight, BMI, and waist circumference
were inversely and significantly associated with age at menarche. Lee ez 4/. (2013) and Pramanik ez a/.
(2015) also recorded an inverse association between BMI and menarcheal age. Tables 4 and S show
the association of height, weight, BMI, and waist circumference between the present study and those
conducted by Lee ez 4/. (2013) and Pramanik ez al. (2015).

Mounir et al. (2007) found that mean MUAC was higher among menstruating girls compared to
non-menstruating girls, and the present study also shows this trend: the mean MUAC of girls who had
not started menstruation was 18.83 £ 2.62 cm, while for those who started menstruation at a later stage,
it was 22.94 + 2.27 cm. Our study also shows that the thigh circumference among non-menstruating
girls (34.54 cm) was lower than among those who started early (39.38 cm), with a further increase
observed in those who started menstruation at a later phase (43.39 cm).

Limitations of the study

There are several limitations to this investigation. First, the conclusions are based on self-reported
data. Second, because the data were collected in a recall format, there may be reduced validity or
misunderstanding, resulting in incorrect input. Lastly, differing sample sizes in each category limit the
study’s scope.

Conclusion

In conclusion, early onset of menarche was found to be higher among girls, followed by late
menarcheal age. A significant positive correlation was found between various anthropometric indices —
such as height, weight, MUAC, BMI, WC, HC, and TC - and age at menarche.

Conflicts of Interest: There are no conflicts of interest. The authors alone are responsible for the content and writing of the
manuscript.
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Figures and Tables
Fig.1- Overall adolescents girls included for the present study.
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Fig 2 - The overall prevalence of undernutrition and normal adolescent’s Rajbanshi girls.
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Table 1: Anthropometric data of Rajbanshi adolescent girls.

Variables Values

Height (cm) 147.19£9.23
Weight (kg) 42.84+10.77

BMI (kg/m?) 19.42£3.19
MUAC (cm) 21.03£3.17
Wiaiste circumference (cm) 71.78 £ 9.86
Hip circumference (cm) 77.36 £ 11.09
Thigh circumference (cm) 39.41 £ 6.61
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Fig 3: Age at menarche of the adolescent’s girls.
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Fig 4 (a): Relationship between age at menarche and beight.
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Fig 4 (c): Relationship between age at menarche and MUAC.
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Fig 4(¢): Relationship between age ar menarche and HC.
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Fig 4 (b): Relationship between age at menarche and weight.
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Fig 4 (d): Relationship between age at menarche and WC.
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Fig 4 (f): Relationship between age ar menarche and TC.
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Fig 4 (¢): Relationship between age at menarche and BMI.
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Table 2: Age ar menarche specific descriptive statistics (mean * SD) of anthropometric variables of Rajbanshi adolescents’

BMI

——BMI

NOT STARTED

EARLY STARTED

LATE STARTED

population.

Varables: Ageacmenarche | Tt | PR | Tesaned ) dospopataon |y
Height 139.41 £5.10 146.84 £ 9.41 147.19£9.23 147.19£9.23 43.24*
Weight 34.01 £8.15 42.461+10.89 51.19+3.99 42.84110.77 39.95*
MUAC 18.83 £ 2.62 21.0+3.18 22.94+227 21.04+3.17 23.84**
Wiaist circumference (WC) 64.93£791 71.45 £ 9.80 78.37 £7.07 71.77 £ 9.86 27.19**
Hip circumference (HC) 71.11£8.79 77.14 1 10.84 83.10 £10.88 77.36+11.10 15.85**
Thigh circumference (TC) | 34.54 * 4.36 39.38 £ 6.63 43.39+5.37 39.41 £ 6.61 25.63*
BMI 17.38 £ 3.51 19.32+3.21 21.40£1.02 19.42 +£3.20 22.52**

2<0.00L,d f =2

Table 3: Correlation of age at menarche and different anthropometric variables.

Variables m?fjriile Height | Weight BMI | MUAC | WC | HC | TC
Age at menarche 1

Height 482* 1

Weight 468" 906 1

BMI 369" 703 934 1

MUAC 378 751 789 700" 1

wC 400" 748 823" 769 | 828 1

HC 316 650 702 634 | 780~ | 775 |1

TC 389 785* 809" 700 | 860 | 820 | 855 | 1

" Correlation is significant at the 0.01 level (2-tailed).
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Table 4: Relationship of anthropometric variables during early menarch among the present study and other studies.
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Table 5: Relationship of anthropometric variables during early menarch among the present study and other studies.
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