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 Menarche or the first menstruation is the final stage of puberty in female 

children. The age at menarche is lowering globally. Individuals with 

earlier menarche are more likely to get cancer due to hormonal 

abnormalities. It is important to understand the risk factors of early 

menarche. Factors, such as nutritional status and vitamin D, may affect 

the onset of menarche. This research was an analytical cross-sectional 

study conducted to assess the relationship of nutritional status and 

vitamin D levels with age at menarche of girls at Darul Ihsan Islamic 

boarding school in Hamparan Perak, North Sumatra, Indonesia. 

Research subjects were female children between eleven and fifteen years 

old who had reached menarche. Body weight and body height were 

measured to obtain nutritional status data. Tanner stage examination was 

carried out to each of the research subject. Blood sample was drawn for 

serum 25(OH)D examination. Bivariate analysis was carried out to 

determine the following relationships, vitamin D level and menarche 

age, nutritional status and vitamin D level, and nutritional status and 

menarche age, with P value < 0.05 considered significant. The mean 

menarche age was 11.79 years old, where thelarche occurred at a mean 

age of 10.5 years old. Almost all of the research subjects (38/95%) had 

vitamin D deficiency, while two (5%) subjects had vitamin D 

insufficiency. There was no significant relationship (p > 0.05) between 

vitamin D level and age at menarche. Nutritional status and vitamin D 

were not significantly related. However, there was a significant 

relationship between vitamin D level and age at thelarche (p = 0.017). 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Puberty is a transition phase between childhood and adulthood. It is influenced by several complex factors. 

During this process, significant physical changes occur, followed by the development of secondary sexual 

traits, changes in body composition, rapid bone maturation, and construction of final adult stature [1]. Early 
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puberty in girls is distinguished by the development of breast buds and growing pubic hair. Whereas, 

menarche usually occurs two years after the onset of puberty. In Indonesia, 10.3% menarche occurs in girls 

at the age of nine to eleven years old [1- 3]. In general, menarche occurs on average at the age of 12.8 years 

old, with an age range of ten to sixteen years old [1]. 

 

Menarche is the final stage of puberty in girls. It is marked by the shedding of the endometrial lining of the 

uterus, which is also known as menstruation, for the first time [2]. Menstruation occurs monthly when 

ovulation is not followed by fertilization or conception. The average menstrual cycle is 28 days; but the 

cycle can range in length from 21 days to 35 days. Most menstrual period lasts between three to seven days, 

period lasting longer than ten days is considered abnormal [4]. Physical growth in female stops with the 

periodic occurrence of menstruation, which is marked by a decrease in the rate of growth in height until 

epiphyseal fusion or growth plate closure and stops growth [1]. Although menarche is the final stage of 

puberty for girls with a certain time limit, there are factors influencing variances in menarche age, such as 

nutritional status, congenital disorders, genetic factors, and socioeconomic status [1], [5]. Puberty is 

considered premature in girls if it occurs before the age of eight years old [6]. The global drop in 

mecarcheal age is influenced by factors affecting pubertal status; obesity, for instance, is a risk factor for 

early puberty. 

 

Vitamin D is involved in the process of lipogenesis in the adipose tissue. The lack of vitamin D can limit 

calcium absorption in the adipose tissue, leading to lipolysis and an increase in free fatty acids [7]. When 

more fats are broken down, more estrogen is produced and that results in early menarche [8]. More estrogen 

is released due to the increasing steroidogenesis process that changes cholesterol into pregnenolone through 

a gradual enzymatic process [2], [9]. In addition, vitamin D is involved in calcium homeostasis, puberty, 

and menarche age. 

 

Excess fat consumption is associated with higher body fat percentage and serum leptin levels. Higher leptin 

synthesis affects kisspeptin, which bind to G protein-coupled receptor 54 (GPR54) receptors and accelerates 

the activation of gonadotropin-releasing hormone (GnRH) from the hypothalamus. As a result, the anterior 

pituitary is stimulated to release follicle stimulating hormone (FSH) and luteinizing hormone (LH). The 

FSH hormone induces follicular maturation and estrogen synthesis by the follicular cells. Egg cell 

maturation is faster, and the ovulation process is faster, resulting in an earlier menarche [10], [11]. 

 

Several studies have found that female children with vitamin D deficiency (25(OH)D < 50 nmol/L) are 

twice as likely as children with normal vitamin D levels to experience early menarche [12]. Although 

Indonesia is a tropical country with plenty of sunshine, 49.2% of healthy children aged seven to twelve 

years old were vitamin D insufficient, while 39.2% of them had vitamin D deficiency [13]. According to a 

study conducted in Bogota in 2011, 3672 teenage women aged twelve to nineteen reached menarche on 

average at the age of 12.1 years old. Thirty-one percent of them were vitamin D deficient, while 42% were 

vitamin D insufficient. There were only 27% children with normal vitamin D level. This data demonstrates 

that vitamin D plays a role in the puberty stage in adolescents [14], [15]. However, there are many 

conflicting results about the relationships between vitamin D levels and menarche age [14]. 

 

The effect mechanism of vitamin D deficiency on early menarche remains uncertain. But, emerging data 

from longitudinal epidemiological research suggests that childhood obesity may accelerate sexual 

maturation [16]. Vitamin D concentration correlates with parathyroid hormone (PTH) concentration, which 

is associated with bone mineral, particularly during the process of bone growth that has long-term 

implications. Adequate vitamin D and dietary calorie intake are required for good and optimal growth. This 
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research was carried out to observe how nutritional status and vitamin D levels have effect on the age at 

menarche of girls at Darul Ihsan Islamic boarding school, Indonesia. 

 

2. Materials and Methods 

This research was an analytical cross-sectional study to assess the relationship of nutritional status and 

vitamin D levels with age at menarche of girls in Darul Ihsan Islamic boarding school in Hamparan Perak, 

Deli Serdang, North Sumatra, Indonesia. The research was carried out on December 2021. 

 

2.1 Research Subjects 

Research subjects were female children aged between eleven and fifteen years old in the research location 

and had experienced their first menstruation. Parental or guardian consent was obtained for the research 

subjects to take parts in the research. Female children were excluded from the research if they had not 

menarche, had malignancy diseases, autoimmune diseases, or disorders that affected linear growth, such as 

chromosomal abnormalities and bone disorders, had central nervous system disorders, and underwent long-

term steroid therapy. Research subjects were selected using consecutive sampling technique. 

 

Sample size for this research was calculated using a cross-sectional approach formula below, where P was 

based on the previous study done by Puspitasari et al., (2016) about the age of early menarche in primary 

school children in the urban area. The study reported early menarche prevalence of 20% in South Semarang 

[21]. 

 

𝑛 = (
𝐙𝛂√𝑷𝒐(𝟏 − 𝑷𝑶) + 𝒁𝜷√𝑷𝒂 (𝟏 − 𝑷𝒂)

𝑷𝒂 − 𝑷𝒐
)

2

 

 

Where, Zα was alpha standard deviation set at 0.05 (Zα = 1.96), Zβ was beta standard deviation set at 0.2 

(Zβ = 0.84), P0 was the estimate proportion of early menarche in the general population, such as 20% = 0.2, 

Pa was the estimate propotion of early menarche in this research, such as 40% = 0.4, P0-Pa was the 

difference between the proportion of early menarche from this research and from the reference journal, such 

as 20% = 0.2. 

 

𝑛 = (
𝟏. 𝟗𝟔√𝟎. 𝟐(𝟎. 𝟖) + 𝟎. 𝟖𝟒√𝟎. 𝟒 (𝟎. 𝟔)

𝟎. 𝟐
)

2

= 35.73 = 36 

 

Therefore, the minimum number of research subjects needed in this research was 36. 

 

2.2 Procedure 

Demographic data was collected from each research subjects. Body weight was measured using a weighing 

scale (Seca 803, made in Germany, with a precision of 0.1 kg). Body height was measured using a 

microtoise stature meter(Seca 206, made in Germany, with a precision of 0.1 cm). The stature of each 

subject was determined after the plotting on the Center for Disease Control and Prevention (CDC) 2000 

curve. Tanner stage examination was determined using Tanner I-V scale with a prior inspection of breast 

and pubic hair by a female doctor from the Pediatric Specialist Education Program (PPDS) in a safe and 

closed room. Each of the subject also underwent blood sampling for vitamin D level examination in the 

form of total 25(OH)D, where 2 ml of blood was withdrawn by a Laboratory officer from Prodia 

Laboratory, Medan, Indonesia. 
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2.3 Nutritional Status Assessment 

Nutritional status determination was carried out based on age, according to body length, body height, and 

body weight using CDC 2000 growth chart for children over five years old. The classification is as follow 

[22]: 

- Undernourished: BMI was less than 5% BMI curve based on age 

- Normal: BMI was between 5% to 85% BMI curve based on age 

- Overweight: BMI was between 85% to 95% BMI curve based on age   

- Obesity: BMI was 95% BMI curve or higher based on age  

 

2.4 Vitamin D Assessment 

Vitamin D level was assessed by measuring total 25(OH)D serum level, as the serum level is a stable form 

of vitamin D metabolite in the body. Serum 25(OH)D classification according to Indonesian Pediatric 

Association (IDAI) is as follow [7]:  

- Normal if 25(OH)D level between 30 – 100 ng/mL 

- Insufficiency if 25(OH)D level between 21 – 29 ng/mL 

- Deficiency if 25(OH)D level ≤ 20 ng/mL 

- Severe deficiency if 25(OH)D level ≤ 5 ng/mL 

 

2.5 Data Analysis 

Univariate and bivariate analyzes were performed on a computer statistical software. Univariate analysis 

was carried out to determine the characteristics of research subjects by analyzing each variable. Bivariate 

analysis was carried out to determine the following relationships, vitamin D level and menarche age, 

nutritional status and vitamin D level, and nutritional status and menarche age of female research subjects in 

Darul Ihsan Islamic boarding school. P value < 0.05 was significant between variables and correlation 

coefficient between variables was ranged from 0.00 to 1. 

 

2.6 Ethical Consideration 

Consent was obtained from the parents or guardians of the research subjects to be involved in this research. 

This research has obtained research approval by the Research Ethics Committee Faculty of Medicine 

Universitas Sumatera Utara (No. 886/KEP/USU/2021). 

 

3. Results 

 

3.1 Research Subjects Demographic Characteristic 

Forty female children with a mean age of 13.13 years were involved in this research. The youngest age was 

11.33 years old and the oldest age was 15.6 years old. The mean menarche age was 11.79 years, with the 

earliest menarche age recorded was 9.18 years old and the latest menarche age was 15 years old. Thelarche, 

also known as breast budding, occurred at a mean age of 10.5 years. The earliest thelarche was recorded at 

8 years old and the latest was 13 years old. 

 

Body height examination result showed that all research subjects (40/100%) had normal stature. Nutritional 

status assessment showed the majority of female children had normal nutritional status (35/87.5%). There 

were two (5%) subjects in each overweight and obesity nutritional status, and only one (2.5%) subject who 

was undernourished. 

 

The mean value for vitamin D level was 12.4 nmol/L, where the lowest level was 6.4 nmol/L (deficiency) 

and the highest level was 19.9 nmol/L (insufficiency). Almost all of the research subjects (38/95%) had 
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vitamin D deficiency, while two (5%) subjects had vitamin D insufficiency. 

 

Table 1. Demographic data of the research subjects 

Subject characteristic n = 40 

Age, years old  

   Mean (SD) 13.13 (1.16) 

   Median (Min – Max) 

Vitamin D, nmol/L, n (%) 

Mean (SD) 

Median (Min – Max) 
Severe deficiency 

Deficiency 

Insufficiency 

Normal 

12.88 (11.33 – 15.6) 

 

12.4 (3.05) 

12.5 (6.4 – 19.9) 
0(0) 

35 (95) 

2 (5) 

0(0) 

Age at menarche, years old  

   Mean (SD) 11.79 (1.16) 

   Median (Min – Max) 11.87 (9.18 – 15) 

Age at thelarche, years old  

   Mean (SD) 10.5 (1.2) 

Nutritional status, n (%) 

Obesity 

 

2 (5) 
   Overweight 2 (5) 

   Good nutritional status (Normal) 35 (87.5) 

   Undernourished 1 (2.5) 

   Malnourished 0 (0) 

 

3.2 Relationship between Vitamin D Levels and Age at Menarche 

Table 2 shows the relationship between vitamin D levels and age at menarche. Among 38 subjects with 

vitamin D deficiency, 15 (39.5%) subjects reached menarche after 12 years old, while 23 (60.5%) of them 

experienced menarche before or at 12 years old. Meanwhile, all of the research subjects with insufficiency 

of vitamin D experienced menarche before or at 12 years old. The statistical analysis by using Fischer’s 

Exact test showed no significant relationship (p = 0.519) between vitamin D levels and age at menarche.  

 

Table 2. Relationship between vitamin D level ad age at menarche 

Vitamin D level 
Age at menarche 

p 
≤ 12 years old >12 years old 

   Deficiency 23 (60.5) 15 (39.5) 0.519* 

   Insufficiency 2 (100)  0 (0)  

*Fischer’s Exact 

 

3.3 Vitamin D and the Relationship with Age at Menarche and Thelarche and Nutritional Status 

Table 3 shows the analysis result for vitamin D and its relationship with age at menarche, age at thelarche, 

and nutritional status. There was no significant relationship (p > 0.05) between vitamin D level and age at 

menarche. Nutritional status and vitamin D were not significantly related either. However, there was a 

significant relationship between vitamin D level and age at thelarche (p = 0.017). The correlation level 

obtained was 0.375, which indicated a positive but weak correlation between vitamin D level and age at 

thelarche. Higher vitamin D level would cause thelarche to occur later in teenage girls. 

 

Table 3. Vitamin D and menarche age, thelarche age, and nutritional status 

 Vitamin D level 

Parameter p r 

Age at menarche 0.449a 0.123 

Age at thelarche 0.017b 0.375 
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Nutritional status  0.735 -0.055 
aPearson, bSpearman 

 

Among 38 research subjects with vitamin D deficient, there was one (2.6%) undernourished subject. 

Meanwhile, two subjects with vitamin D insufficient had normal nutritional status. The analysis using 

Mann-Whitney test showed no significant relationship (p=0.746) between vitamin D level and nutritional 

status. 

 

Table 4. Relationship between vitamin D level and nutritional status 

Vitamin D level 
Nutritional status 

p 
Undernourished Normal Overweight Obesity 

   Deficiency 1 (2.6) 33 (86.8) 2 (5.3) 2 (5.3) 0.746* 

   Insufficiency 0 2 (100) 0 0  

*Mann Whitney 

 

Between nutritional status and age at menarche, the analysis by Kruskal Wallis test showed no significant 

relationship (p = 0.202). Two undernourished subjects reached menarche after 12 years old. Almost two 

third (22/64.7%) research subjects with normal or good nutritional status reached menarche before or at 12 

years old, while the remaining one third (12/35.3%) reached menarche after 12 years old. Two overweight 

subjects reached menarche before or at 12 years old, while one of the two obesity subject reached menarche 

before or at 12 years old, and the other one reached menarche after 12 years old. 

 

Table 5. Nutritional status and age at menarche 

Nutritional status 
Age at menarche 

p 
≤ 12 years > 12 years 

   Undernourished 0 2 (100) 0.202a 

   Good nutritional status 22 (64.7) 12 (35.3)  

   Overweight 2 (100) 0 (0)  

   Obesity 1 (50) 1 (50)  
aKruskal Wallis 

 

4. Discussion 

The onset of early puberty with the decrease in the mean age at menarche has been recognized as the global 

trend from the late nineteenth century. The age at menarche is lowering globally, which changes the puberty 

status. Individuals who reach menarche earlier are more likely to get cancer due to hormonal abnormalities 

and cardiovascular diseases. Therefore, understanding the onset age at menarche is important for public 

health implications [17]. 

 

The mean age at menarche in this research was 11 years 8 months, with the earliest menarche at 9 years 2 

months and the latest at 15 years old. According to the research by Pulungan, 2018, the average menarche 

age in female between 10 and 16 years old was 12.8 years old [1]. Therefore, the mean age at menarche of 

this research was similar to the mean age at menarche of past research. A meta-analysis and systematic 

review about the age of menarche in Indonesia conducted in 2017 found that girls during the 1961 to 1965 

period reached menarche at the average age of 14 years 5 months. Similarly, during 1966 to 1970, the 

average age at menarche was 14 years 6 months. However, since 1970 to 2010, there was a decrease in the 

menarche age to an average of 13 years 7 months [18]. The data supported the basic hypothesis that there 
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has been a considerable decrease in the age at menarche, particularly in Indonesia, in recent years. 

 

Vitamin D deficiency is very common among adolescents. Almost all of the research subjects in this study 

were vitamin D deficiency. No research subjects had normal vitamin D levels. Vitamin D deficiency has 

become health problem in developed countries, where lifestyle causes obesity epidemic worldwide and 

contributes to the occurrence of vitamin D deficiency [19]. However, in this research, two third of the 

population had good nutritional status, only 5% were recorded to be overweight and obese. There are other 

factors that affect vitamin D status, such as skin color, exposure to sunlight, and sunscreen use. The 

research done in Kuala Lumpur, Malaysia, there was a significant relationship between the use of full 

coverage dresses and vitamin D status, where students wearing full coverage uniform were 2.4 times more 

likely to be vitamin D deficient [20]. Therefore, it is important for the teachers and children, as well as the 

parents or guardians, in the boarding school to acknowledge the importance of exposure to sunlight to the 

human body. Moreover, vitamin D also plays important roles in regulating bone metabolisms and muscle 

functions, as well as maintaining bone health [21]. 

 

Nutritional status can influence the onset of menarche. Nutrition influences sexual development; 

adolescents who reached menarche earlier were reported to be heavier that adolescents who had not begun 

menstruating at the same age. Whereas, adolescents reaching menarche later were lighter than adolescents 

who had begun menstruating at the same age, although they were at similar height [5]. This research, 

however, did not find a significant relationship between nutritional status and age at menarche (p = 0.202). 

The significance may be caused by the major population of the research subjects had good nutritional status, 

making the comparison for menarche age between overweight or obese and normal BMI subjects 

insignificance.  

 

Overweight and obesity individuals are twice more likely to experience vitamin D deficiency than normal 

or underweight inviduals [22]. Two ideas explaining the occurrence of 25(OH)D deficiency in overweight 

and obesity cases were sedentary lifestyle (lack of outdoor activities and sun exposure) and 25(OH)D 

sequestration in fats [23]. Another suggested explanation was that vitamin D had an inverse correlation with 

IGF-1 that modulates the onset and progression of puberty. Thus, the effects mediated by vitamin D 

impacted IGF-1 levels and the onset of puberty through gonadotropins and sex hormones [15]. When there 

is a lack of vitamin D, cholesterol breaks down into excess estrogen and induces the release of excess 

growth hormone causing earlier growth spurt and faster growth plate fusion. Meanwhile, vitamin D 

deficiency causes the reduction in IGF-1 production in the bones and livers, causing disruptions in 

chondrocyte stimulation, proliferation, differentiation, and hypertrophy and affects bone health. As a result, 

the child grows faster but does not achieve her full height [24], [25]. 

 

The relationship between vitamin D level and age at menarche was assessed in this study, where non-

significant relationship was found (p = 0.449). However, there was a significant relationship between 

vitamin D level and age at thelarche (p = 0.017). There was also non-significant relationship between 

vitamin D and nutritional status (p = 0.735). The insignificant relationships found may be due to all the 

research subjects did not have normal vitamin D levels but the majority had good nutritional status. The 

demographic did not provide feasible comparisons between normal and deficient vitamin D on age at 

menarche, neither feasible comparisons between different nutritional status and vitamin D levels. 

 

This research showed the importance of awareness in the population, especially female children in the 

Islamic boarding schools about vitamin D and its impact to health, especially during puberty stage. 

Therefore, all relevant stakeholders, such as teachers, parents and guardians, and the children themselves 
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need to re-evaluate children’s activities and nutritional intake. Further study may look into the threshold for 

25(OH)D level in children of the same population or similar circumstances that may provide long-term 

adverse health effects and the best strategies to prevent that. 

 

5. Conclusion 

There was no significant relationship between vitamin D levels and age at menarche of female children in 

Darul Ihsan Islamic boarding school. However, vitamin D level had a significant relationship with thelarche 

age. 
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