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Abstract 
 

Background: Menarche is an important developmental milestone in a girl’s reproductive life. The early onset 

of pubertal development is a significant medical and social issue. It can result in increased morbidity and 

mortality in later life. This study aimed to investigate the age of menarche in girls (aged 12–17 years) in the 

Polog region and to compare the time at which they attain menarche to their peers in other regions and Europe. 

Methods: Using a cluster sampling technique, data were collected from schools in the Polog region, North 

Macedonia. A total of 309 schoolgirls aged 12–17 years were considered a sample for this study. Analysis of 

results was conducted using statistical programs STATISTICA 10.0 and SPSS 20.0.  

Results: This study revealed that more than 75% of girls had already attained menarche. Among them, 50% of 

girls experienced menarche within 12.4 ± 1.1 years. Furthermore, there was no difference in the age of menarche 

in terms of living area, and those who lived in rural and urban areas reached their menarche at the same age. It 

was observed that the menarcheal girls had increased values of body weight (p < 0.05), body height (p < 0.01), 

waist circumference (p < 0.05), and biacromial distance (p < 0.01) compared with their nonmenarcheal peers. 

Conclusions: The participants in our study attained menarche at the same age as their peers in Europe. It was 

observed that some of the age groups of menarcheal girls had increased values in some anthropometric 

characteristics compared with their nonmenarcheal peers. 
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1. Introduction 

 

Menarche, or the first menstrual bleeding, is crucial in a woman’s reproductive life. Several 

hormonal changes during puberty precede its onset, where clinically, the onset of puberty is 

indicated by the appearance of secondary sex characteristics, in particular the appearance of the 

breast in females, enlargement of the testicles in males, and pubic/axillary hair in both sexes. 

Early onset pubertal development is one of the most severe medical and social issues, leading 

to increased morbidity and mortality later in life [Walvoord, 2010]. Menarcheal age (MA) is a 

crucial developmental milestone commonly used in epidemiological studies of female sexual 

maturity. It usually occurs 2 years after the first signs of puberty, between ages 11 and 15, and 

most commonly between ages 12 and 13. The first likely fertilization is only possible after 2 to 

4 (even 6) years from the first menstruation, where the earliest possible age is 14 years old 

[Scholl et al, 2013; Talma et al, 2013;  Gohlke et al, 2009; Flaws et al, 2000]. 

Being overweight has a significant impact on health in early adolescence, leading to the early 

onset of puberty, previously manifested by the development of breasts [Herman-Giddens et al, 

1997] and menarche [Kaplowitz, 2006]. Environmental pollutants, socioeconomic status 

changes, and other factors are all believed to play a role in early puberty. However, diet plays a 

vital role in the timing and progression of puberty. 

According to Bralic [Bralić et al, 2012], women who have experienced early menarche are 

significantly more likely to be overweight and have obesity. Similarly, Gavela Pérez’s [Gavela-
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Pérez et al, 2015] study emphasizes that obesity in women is associated with early menarche. 

Thus, having obesity and being overweight can predict the onset of menarche at a young age. 

Likewise, Frisch–Revelle [Johnston et al, 1975] posited that the onset of menstruation is 

positively associated with increased body fat in females during puberty (approximately 22 of 

body weight). However, despite some skepticism and criticism, the Frisch–Revelle hypothesis 

has provided reasonable explanations for how body fat affects the onset of menarche from the 

1970s [Johnston et al, 1975; Crawford et al, 1975; Baker et al, 1985; Scott et al, 1982; Stark et 

al, 1989] to the present. Anthropometric measurements are noninvasive and quantitative 

measurements of the body used to assess growth, development, morphological characteristics, 

and health parameters [Fryar et al, 2016]. These measurements are now a requirement for the 

primary and secondary school cycles for students. It is closely linked to physical education and 

its impact on student health. 

This study sought to determine the age of menarche in girls in the Polog region and to compare 

the time at which they attain menarche to their peers in this region and Europe. We also aimed 

to assess the role of MA in the structure of these girls’ morphological characteristics to obtain 

growth and development norms. We can assess the impact of menarche on the growth and 

development of girls at various educational levels in the Polog region. 

 

Material and methods 

 

This study focused on the Polog region, which is located in the northwestern part of North 

Macedonia and covers an area of 2,416 km2. This region is one of eight in North Macedonia, 

each with nine municipalities. There are 184 settlements on this territory, with a total population 

of 322,605 people [State Statistical Office, 2021; Centre for DPPR]. It is worth noting that this 

cross-sectional is the first of its kind in this part of North Macedonia. According to the proposal 

of the International Biologic Program IBP, No. 9, 1969, the research was conducted in primary 

and secondary schools in the Polog region [State Statistical Office, 2021; Centre for DPPR]. In 

this study, we surveyed girls aged 12–17 years in the Polog region who were physically capable 

of performing anthropometric measurements and volunteered to answer the questionnaire. 

 

Sample size determination 

 

Initially, the sample reliability level was set at 95% and P = 0.05. Then, through the statistical 

formula, the minimum number required for inclusion in the study is derived: 

 

𝑛 =
𝑁

1 + 𝑁 (𝑒)2
 

 

where n is the sample size, N is the population size, and e is the accuracy level. 

 

The above formula provided that 292 was the sample size required for the present study. 

However, 309 samples were considered in our research, and their information was included in 

this study. 

 

Sample selection procedures 

 

The definition of the sampling frame was done in three stages: 

 The first phase: the appropriate sampling frame is defined; 

 The second phase: the sampling method is chosen on the basis of the composition of the 

population to be surveyed; 
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 The third phase: the average sample size was determined as sufficient to represent the 

surveyed population, where 309 girls from the surveyed school classes (groups) were 

randomly selected. Cluster sampling was used for sample selection because of the 

difficulty in researching all individuals (budgetary and time constraints). 

The lead author described the objective of this study to selected participants. Written consent 

from each selected girl and permission from the school authorities were obtained. 

Anthropometric data of 309 girls and menarcheal status were recorded in the anthropometric 

card. 

 

Outcome variable 

 

The study’s outcome variable was the menarcheal status (age of first menstruation) of 

schoolgirls aged 12–17 years. The girls were initially asked, “Did you attain menarche?” Yes 

(code, a) and No (code, b) were assigned to the sample (code, b). If they said yes, they were 

asked how old they were when they reached menarche in years, and the final question asked is 

which month they attained menarche. 

 

Data collection procedure 

 

The intervention protocols were developed according to the Helsinki Declaration [World 

Medical Association, 2001] and approved by the Regional Bureau for Development of 

Education in the municipalities where students’ anthropometric measurements were taken. 

Additionally, written consent from each selected participant and permission from the school 

authorities were obtained. Anthropometric measurements were taken by trained individuals in 

two-person teams: one conducted the measurements, and the other recorded the measurements 

in a questionnaire. Given the population’s culture and customs and the sensitivity of the issue 

of menarcheal status, this method was directed and led by female collaborators. 

Anthropometric measurements were taken early in the morning during physical education class, 

while the subjects were dressed in light clothing (T-shirts, shorts, and socks), using the 

techniques of Martin and Saller [Martin et al, 1957]. An anthropometric card was formed for 

each student, and the biological age of each girl was determined by the date of birth and the 

date of measurement. GPM Swiss Made anthropological instruments were used for 

anthropometric measurements. The measurements for height and weight were 1 cm and 0.1 kg, 

respectively. 

 

Statistical analysis 

 

Results were processed using the statistical programs STATISTICA 10.0 and SPSS 20.0. The 

collected data were analyzed using statistical techniques such as attributive statistical series by 

calculating the coefficients of relationships, proportions, norms, and the statistical significance 

of detected differences in the difference test. Central tendency and data distribution measures 

were used to analyze numerical series (mean and standard deviation).  

 

Results 

 

In total, 309 girls aged 12–17 years were considered as the sample for this study, among them 

52 (16.8%) aged 12 years; 54 (17.5%), 13 years old; 50 (16.2%), 14 years old; 51 (16.5%), 15 

years old; 50 (16.2%), 16 years old; and 52 (16.8%), 17 years old. The number of girls in each 

age group was approximately the same. 
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Prevalence of age at menarche in schoolgirls aged 12–17 years 

 
Table 1. The proportions of menarcheal and nonmenarcheal girls. 

Age 

(years) 

Response to the question,  

“Did you attain menarche?” 

Yes No 

N % N % 

12 8 15.38 44 84.62 

13 31 57.41 23 42.59 

14 43 86.0 7 14.0 

15 49 96.08 2 3.92 

16 49 98.0 1 2.0 

17 52 100.0 0 0 

Total 232 75.1 77 24.9 

 

Of the selected girls, 232 (75.1%) had already attained menarche, and 77 (24.9%) of girls had 

not yet attained menarche. The percentage of girls who had attained menarche was 15.38% of 

12-year-olds, 57.41% of 13-year-olds, 86.0% of 14-year-olds, 96.08% of 15-year-olds, 98.0% 

of 16-year-olds, and 100.0% of 17-year-olds (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Prevalence of age at menarche among girls in the Polog region. 

 

Of the 232 girls who attained menarche, 1 or 0.4% stated that they attained menarche at the age 

of 9, 7% or 3.0% at the age of 10, 39% or 16.8% at the age of 11, more than half or 60.8% 

(36.7% = age 12 and 24.1% = age 13) of girls at the age of 12 and 13, 38% or 16.4% at the age 

of 14, and 6% or 2.6% at the age of 15 (Figure 1).  

 
Table 2. The mean age of menarche by age groups. 

Age (years) Mean N Std.Dev. Minimum Maximum Q25 Median Q75 

12 10.6 8 0.744024 9.0 11.0 10.5 11.0 11.0 

13 11.8 31 0.599283 10.0 13.0 11.0 12.0 12.0 

14 11.8 43 0.843186 10.0 13.0 11.0 12.0 12.0 

15 12.4 49 0.816497 11.0 14.0 12.0 12.0 13.0 

16 12.9 49 1.151751 10.0 15.0 12.0 13.0 14.0 

17 13.1 52 1.152085 10.0 15.0 12.0 13.0 14.0 

[]%
(1)

[]%
(7)

[]%
(39)

[]%
(85)

[]%
(56)

[]%
(38)

[]%
(6)

9 10 11 12 13 14 15
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In the survey, the participants were found to have attained their menarche, at the mean age of 

12.4 ± 1.1 years, the minimum age of 9 years and the maximum age of 15 years; over 50% of 

the surveyed students attained the menarche at the age of ≥12 years, for IQR Median = 12 (12–

13) (Table 2).  

 
Table 3. The average age at menarche by their demographic variable. 

Mean - rural Mean - urban N - rural N - urban Std.Dev. - rural Std.Dev. - urban 

12.41 12.40 155 77 1.143569 1.138556 

 

Furthermore, those living in rural areas attained their menarche at the age of 12.41 years, 

whereas 77 of their peers living in urban settlements attained their menarche at the age of 12.40 

years (Table 3). 

 

Mean difference in anthropometric parameters between menarcheal and nonmenarcheal 

girls 

 
Table 4. Mean difference in anthropometric variables between menarcheal and nonmenarcheal girls by age 

groups. 

Variable / 

age years 

Did you attain 

menarche? (N) 
Mean SD t value p value 

Weight (kg)  

12 
Yes (8) 51.2 4.32 

3.84 0.005 
No (44) 41.3 4.43 

13 
Yes (31) 50.3 3.17 

0.84 0.402 
No (23) 48.8 4.15 

14 
Yes (43) 58.3 3.33 

3.45 0.014 
No (7) 49.1 4.12 

15 
Yes (49) 58.9 3.41 

0.66 0.511 
No (2) 57.3 0.42 

16 
Yes (49) 56.4 3.76 

0.98 0.328 
No (1) 55.5 0.00 

Height (cm)  

12 
Yes (8) 158.7 7.41 

3.47 0.001 
No (44) 149.8 6.50 

13 
Yes (31) 159.3 6.19 

0.84 0.402 
No (23) 157.8 6.23 

14 
Yes (43) 161.2 5.72 

1.23 0.223 
No (7) 158.3 6.21 

15 
Yes (49) 162.9 5.59 

0.66 0.511 
No (2) 160.3 0.35 

16 
Yes (49) 162.8 5.34 

0.98 0.328 
No (1) 157.5 0.00 

Waist circumference 

(cm) 
 

12 
Yes (8) 72.4 9.97 

−2.58 0.012 
No (44) 65.6 6.16 

Total 12.4 232 1.139442 9.0 15.0 12.0 12.0 13.0 
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13 
Yes (31) 68.6 7.55 

−1.39 0.169 
No (23) 65.9 6.36 

14 
Yes (43) 68.2 6.25 

−1.88 0.066 
No (7) 63.1 8.68 

15 
Yes (49) 71.8 7.54 

−1.54 0.129 
No (2) 63.5 3.53 

16 
Yes (49) 70.4 7.93 

−0.79 0.429 
No (1) 64.0 0.00 

Biacromial distance 

(cm) 
 

12 
Yes (8) 33.1 1.35 

−3.68 0.000 
No (44) 30.2 2.18 

13 
Yes (31) 32.5 2.05 

−3.26 0.001 
No (23) 30.6 2.25 

14 
Yes (43) 32.9 1.17 

−4.53 0.000 
No (7) 30.2 2.73 

15 
Yes (49) 33.2 1.97 

−1.03 0.306 
No (2) 31.7 0.35 

16 
Yes (49) 33.6 1.74 

−0.36 0.716 
No (1) 33.0 0.00 

 

The average body weight of menarcheal girls aged 12 years (51.2 ± 4.32 kg) and 14 years (58.3 

± 3.33 kg) was significantly higher than that of nonmenarcheal girls aged 12 years (41.3 ± 4.43 

kg) and 14 years (49.1 ± 4.12 kg) (p < 0.05). The mean body height of menarcheal girls aged 

12 years (158.7 ± 7.41 cm) was significantly higher (p < 0.01) than their nonmenarcheal peers 

(149.8 ± 6.50 cm).  

Likewise, the average waist circumference of menarcheal girls aged 12 years (72.4 ± 9.97 cm) 

was significantly larger (p < 0.05) than their nonmenarcheal peers (65.6 ± 6.16 cm). 

Additionally, the mean biacromial distance of menarcheal girls aged 12 years (33.1 ± 1.35 cm), 

13 years (32.5 ± 2.05 cm), and 14 years (32.9 ± 1.17 cm) was significantly higher (p < 0.01) 

than their nonmenarcheal peers aged 12 years (30.2 ± 2.18 cm), 13 years (30.6 ± 2.25 cm), and 

14 years (30,2 ± 2.73 cm), respectively (p < 0.01) (Table 4). 

No statistically significant result was recorded for body weight in the age groups of 13, 15, and 

16 years (p > 0.05). In the age groups of 13, 14, 15, and 16 years, no statistically significant 

results were recorded for the average height and waist circumference (p > 0.05). In the age 

groups of 15 and 16 years, no statistically significant results were recorded for the biacromial 

distance. 

 

Discussion 

 

This study aimed to investigate the role of MA in the structure of morphological characteristics 

of these adolescent girls (aged 12–17 years). Additionally, we determined several growth and 

development benchmarks from which we can assess the impact of menarche on the growth and 

development of girls at different educational levels in the Polog region. It was discovered that 

approximately 75.1% of girls provided positive responses, indicating that they had reached 

menarche, whereas 24.1% gave negative responses indicating that they had not reached 

menarche.  

Overall, the examined girls reached menarche at the mean age of 12.4 ± 1.1 years, the minimum 

age of 9 years and the maximum age of 15 years; over 50% of the surveyed girls attained the 
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menarche at the age of 12 years, for IQR Median = 12 (12–13). As no other research has 

previously documented the data, this is the first time these crucial statistics of Polog and the 

Republic of North Macedonia have been disclosed. Our findings show that the girls in our study 

reached menarche at the same age as their peers in Europe [Tomova et al, 2009; Rubin et al, 

2009, Rigon et al, 2010], the United States [McDowell et al, 2007, Morris et al, 2011], and Asia 

[Tang et al, 2003, Chang et al, 2008]. However, although some studies have discovered a 

significant decrease in the average age of menarche worldwide [Meng et al, 2017], others have 

identified variations in the average MA, which was found to be 11.73 years in Pakistani girls 

[Chan, 2004], 12.4 years in Indian girls [Khadgawat et al, 2016], and 12 years in Nigerian girls 

[Irewole-Ojo et al, 2018]. 

 

Menarcheal age and anthropometric parameters 

 

A large proportion of the data indicates that girls who experienced menarche sooner are more 

likely to be overweight as adults [Freedman et al, 2003; Pierce et al, 2005; val Lenthe et al, 

1996]. Similar to previous studies, our study found that adolescent girls who attained early 

menarche had a larger waist circumference than groups of girls who attained menarche later, 

implying that early sexual maturity leads to the accumulation of body fat mass [Freedman et al, 

2003]. In a study conducted over a decade in European countries since 1950, Hauspie et al. 

[Hauspie et al, 1997] found that adults with early menarche had increased body height ranging 

from 0.3 to 1.3 cm. Unlike the data obtained in our findings, Chang [Chang et al, 2000] 

discovered that although body height increases faster in subjects with later menarche, there is 

no increase in statistical significance. Similarly, Kang [Kang et al, 2019] determined that 10.5% 

of their subjects with early menarche had shorter body lengths than their peers. By contrast, in 

another study, researchers described the case of a Korean girl who grew approximately 0.445 

cm more in her final height for each year of age delay in menarche. According to Kim [Kim et 

al, 2010], girls who had reached menarche were taller and had a higher body weight than those 

who had not. The research found that menarchal girls had larger waist circumferences than their 

nonmenarchal counterparts. At certain ages, the different age groups in menarche showed 

significant differences (P < 0.001) in waist circumference, percentage of body fat mass, body 

length, and weight. Bratke [Bratke et al, 2017] reported that all anthropometric variables 

obtained in his research were directly related to menarcheal time. A low BMI, waist 

circumference, tricep skinfold thickness, and subscapular skinfold thickness were associated 

with later menarche, whereas a high value of these anthropometric parameters was associated 

with early menarche. Consequently, MA is seen as an indicator of faster sexual maturity in some 

studies, leading to a faster accumulation of fat in the peripubertal period, which can then 

continue into adulthood [Pierce et al, 2005]. Previous research suggests that many endo-

neurocrine stimulants can affect the rate of sexual maturity and the likelihood of becoming 

overweight [val Lenthe et al, 1996]. 

 

Conclusion 

 

In this study, we investigated the age of menarche in girls aged 12–17 years in North 

Macedonia’s Polog region and analyzed the role of age at menarche in the morphological 

structure of girls. The findings indicate a prevalence of menarcheal status among girls of 75.1%. 

Generally, the examined girls attained their menarche at the age of 12.4 ± 1.1, reaching 

menarche at the same age as their peers in Europe, the United States, and some Asian countries. 

Compared with their nonmenarcheal peers, some age groups of menarcheal girls had higher 

values of body weight, body length, waist circumference, and biacromial distance. It is 

important to conduct similar studies on children and adolescents in various regions of North 
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Macedonia. Research of this kind will allow health professionals and policymakers to track 

their growth and development, observe anthropometric changes, and monitor changes in health-

related data such as physical activity, eating habits, and lifestyle. These data will be immensely 

useful for observing healthcare trends and developing interventions policies tailored to the 

needs of this region. 
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