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INTRODUCTION
Age of menarche is a major characteristic that has a close relationship with the maturity and initiation of reproductive life. 

Menarcheal age is also considered as an important factor that reflects the population health due to the major public health 
implications that can be caused by changes in the age at menarche. Therefore, several studies have been conducted in the 
professional settings for the identification of menstrual age. Various studies showed that the menarcheal age can be influenced 
by many factors such as obesity, socioeconomic status, ethnicity, and different environmental conditions [1-5].
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ABSTRACT

Objective: It has been evaluated that the process of menarche occurs 
at a specified age, which enables a girl for reproduction. However, age of 
menarche is getting reduced on a constant basis in different western and 
eastern countries. Thus, this study has developed its objective to assess the 
decreased trend of menarcheal age, and its relationship with the body mass 
index of female individuals in the population of Saudi Arabia. 

Methods: A cross sectional study has been conducted among Saudi girls 
who were aged between 8-17 years old. Participants were randomly selected 
from six shopping centers of Jeddah, Saudi Arabia over the course of one 
month. Personal interviews were carried out for collecting data on the menarche 
related age and other pubertal signs including thelarche and pubarche. Age of 
menarche was subsequently categorized as early (<11 years old) and normal/
late (>11 years old). Weight and height were measured for BMI calculation and 
participants were then classified as being obese/overweight (BMI>2SD) and 
normal or underweight (BMI<2SD).

Results: A total of 637 girls were recruited, of which, 25.4% only were 
experiencing the process of menarche at the time of study. Mean age of the 
study population was 11.2 ± 12.2. Mean BMI was 19.5 ± 4.6. Mean age at 
menarche was 11.9 ± 1.4 (95% CI: 11.6, 12.1), the minimum age was 8 and the 
maximum age was 16. Early menarche (<11years of age) was found among 27 
(16.7%) girls (95% CI: 9.2, 9.8). Normal/late menarche (≥ 11years of age) was 
observed among 135 (83.3%) girls (95% CI: 12.2, 12.5). The mean menarcheal 
age among obese/overweight group was 11.2 ± 1.4 (95% CI 10.4, 12), while 
that of the normal/underweight group was 12 ± 1.4 (95% CI 11.7, 12.2), No 
significant difference was found between the two groups (P=0.668).

Conclusion: it has been concluded that extremely feeble relationship 
was present between the body mass index and menstrual age of the selected 
population. Advanced research studies are required for deriving out excessive 
outcomes related to the menarcheal age and BMI index.
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Recent studies reported that there is a secular trend towards earlier age at menarche particularly among the industrialized 
countries due to the improvement in lifestyle and increase in the prevalence of obesity [6,7]. Occurrence of menarche at the earlier 
age has been attributed to a significant number of adverse health outcomes during childhood and adulthood. Depression [8], 
eating disorders [9], metabolic syndrome [10], and Type II diabetes mellitus have been identified as the major adverse health related 
issues [11-14]. It's been also linked to cardiovascular and stroke related mortality [15-18]. Furthermore, early age at menarche has 
been identified as a risk factor for breast and endometrial cancer due to the increased exposure to estrogen [19]. Early closure of 
the epiphyseal plates is considered as another major health complication that occurs due to earlier menarche [20].

Increased body weight or obesity has been also identified as a correlated factor with the menarcheal age. Some of the 
research bases have clearly described that a strong relationship is always present among the increased BMI and earlier menstrual 
age [21-26]. On the contrary, a study has also declined this association with the help of their findings [27]. However, some studies 
argue that obesity cannot be solely attributed to this advance in age at menarche and that other factors might be inter-related 
[28]. Some others argue that causality is difficult to be established based on the present studies because most of them are mainly 
cross sectional [29]. BMI has been also linked to other signs of puberty such as breast and pubic hair development [30].

PURPOSE OF THE STUDY
This study has aimed to assess the average age at menarche and to determine its relationship with BMI among girls in 

Jeddah, Saudi Arabia.

MATERIALS AND METHODS
Study subjects and data collection tools

This study used a cross sectional approach for the collection of data. The study has selected girls who were aged between 
8-17 years old. Participants were randomly selected from six shopping centers of Jeddah, Saudi Arabia over the course of one 
month (July, 2014). 

Participants, who were younger than 8 or older than 17 years old, were excluded from the analysis. Personal interviews were 
carried out for collecting data on the age of menarche and other pubertal signs including thelarche and pubarche. Participants, who 
could not remember their age, reported the school grade at which they experienced menarche. Participants were subsequently 
categorized as having early menarche (<11 years old) and normal/late (>11years old). Tanner stages were used for determining 
pubarche and thelarche. Written description with illustrative pictures of Tanner stages was used for the assistance of participants 
to determine their stage. Weight and height were measured for the purpose of BMI calculation. The BMI calculation was done 
instantly for all patients using the following formula:

Weight (kg)/(Height (m) × Height (m))

Charts of Centers for Disease Control and Prevention (CDC) were used for plotting. Participants were classified according 
to their BMI into two groups, which include obese/overweight group (BMI>2SD above the mean) and normal/underweight group 
(BMI<2SD above the mean). All of the participants signed the informed consent form before participation in the study. 

Statistical analysis

Data was entered, coded, and analyzed using statistical package for social science (SPSS), version 16. Continues data are 
reported as mean ± standard deviation. Differences in means were tested using independent samples t test. Chi square test was 
used to calculate the statistical significance between age at menarche categories (early, normal/late) and BMI categories (obese/
overweight and normal/underweight). The statistical significance between age at thelarche and age at pubarche in relation to BMI 
categories were also calculated. The researchers has placed p values of <0.05 as significant.

RESULTS
A total of 637 participants were recruited to the study. However, only 162 (25.4%) had attained their menarche by the time 

of the study. The majority 345 (60.6%) of participants were belonged to Saudi Arabia. The mean age of the study population was 
11.2 ± 12.2 years old. The mean age among those, who had their menarche, was 13.2 ± 2 years old. 

The mean age at menarche was 11.9 ± 1.4 (95% CI: 11.6, 12.1) years old, the minimum age was 8 years and the maximum 
age was 16 years. Early menarche (<11 years of age) was found among 27 (16.7%) girls (95% CI: 9.2, 9.8). Normal/late menarche 
(≥ 11 years of age) was observed among 135 (83.3%) girls (95% CI: 12.2, 12.5). The mean menarcheal age among obese/
overweight group was 11.2 ± 1.4 years (95% CI 10.4, 12), while that of the normal/underweight group was 12 ± 1.4 years (95% 
CI 11.7, 12.2) (Figure 1) (P 0.048) (t=1.996) (95% CI of the difference: 0.008, 1.51). However, on cross-tabulating BMI categories 
(normal/underweight and obese/overweight) with the menarche categories (early and normal/late), the study did not find any 
difference between the two values (p=0.668). Table 1 is presenting the distribution of age at menarche among the normal/
underweight and obese/overweight categories. The mean age at thelarche was 9 ± 1.7 years (95% CI: 9.4, 9.6), while the mean 
age at pubarche was 10.1 ± 1.6 years (95% CI: 10, 10.3). There was no association between age at pubarche and BMI (p=0.476) 
nor thelarche and BMI (p=0.967).
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Figure 1. Mean age at menarche among normal/underweight and obese/overweight groups.
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Normal/underweight Obese/overweight (N=50) P value
Age 11.3 ± 2.2 10.8 ± 2.2 0.1061

Menarche
Yes
No

141 (26.9%)
383 (73.1%)

15 (30%)
35 (70%) 0.6392

Age at menarche 12 ± 1.41 11.2 ± 1.4 0.0481

Status of menarche
Early (<11 years)

Normal/late (≥ 11 years)

22 (15.6%)
119 (84.4%)

3 (20%)
12 (80%) 0.6682

8
9

10
11
12
13
14
15
16

1 (0.7%)
7 (5%)

14 (9.9)
24 (17%)

41 (29.1%)
37 (26.2%)
14 (9.9%)
1 (0.7%)
1 (0.7%)

1 (6.7%)
1 (6.7%)
1 (6.7%)

5 (33.3%)
5 (33.3%)
2 (13.3%)

0
0
0

0.4012

Table 1. Age of menarche among normal/underweight and obese/overweight groups.

Continues data are expressed as mean ± standard deviation
Categorical data are expressed as number (%)
1calculated using independent sample t test 
2calculated using chi square test 

The mean BMI was 19.5 ± 4.6% (95% CI: 19.2, 19.9). The prevalence of obesity among the whole study population was 3.1% 
(95% CI: 28.2, 33.2), while that of overweight was 5.6% (95% CI: 24.9, 27). The majority of the study population (91.3%) (95% 
CI: 18.8, 19.4) had normal weight. Obesity or overweight was found among 15 (30%) of those who had their menarche (95% CI: 
10.4, 12). The trend of overweight or obesity was 12%, 10.4% and 0% among those who had early menarche (<11 years), normal 
menarche (11-13 years), and late menarche (>13 years) respectively. Table 2 is providing information about the comparison of 
weight, height and BMI between the early menarcheal group and the normal/late menarcheal group (Figure 2).

DISCUSSION
There are certain specified past studies, which have solely focused on the menstrual age of girls in the countries of gulf 

region. However, most of such studies have been conducted in the era of late 90s. These studies have represented the average 
age at menarche for those, who were born in the 1990s. The mean menarcheal age among girls, who were born between the 
years of 1932-1990, was reported to be 13.05 ± 1.32 years (range, 9-18 years) in Saudi Arabia [31]. However, age at menarche 
among girls, born between 1977 and 1973, was 12.7 ± 1.6 years in the territories of Kuwait (range 9-18) [32]. A past study has 
been conducted in the population of Emirates, which have shown that the mean menarcheal age among those born between 
1987 and 1983 was 12.68 ± 1.27 [33]. The data of current study confirms that there is a marked reduction in the menarcheal 
age from 13.05 to 11.9 years among the population of Saudi Arabia. The rate of reduced age was noticeably higher as compared 
to other countries. It has been evaluated that the mean age at menarche have gotten reduced from 12.53 years by the year 
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1988-1994 to 12.34 years by the year 1999-2002 in the population of USA [34]. Moreover, the mean age has been dropped from 
12.82 years by the year 1990 to 12.31 years by the year 2010 within Croatia [35]. In Ireland, the average age has been decreased 
from13.52 years by the year 1986 to 12.53 years by the year 2006 [36]. Similarly, the mean age has been reduced from 12.8 
during 1950s to 12.2 during 1980s in Japan [37]. This trend related to the age at menarche was also associated with enhanced 
improvements in the socioeconomic status and increased prevalence of obesity among the population of Saudi Arabia [38]. It has 
been stated that the changes in the daily routines, dietary habits, and obesity are strongly associated with the occurrence of 
menarche at an earlier ages.

Figure 2. Mean age at menarche among normal, overweight and obese groups.
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Early menarche Normal/late menarche P value
Age 11.31 ± 2.4 14 ± 2 0.00011

BMI 22.4 ± 5.2 22 ± 5 0.7241

BMI in SDS ? ? 0.000
BMI in SDS
BMI<2SD
BMI>2SD

22 (88%)
3 (12%)

119 (90.8%)
12 (9.8%) 0.6682

Height
8 Y/O
9 Y/O

10 Y/O
11 Y/O
12 Y/O
13 Y/O
14 Y/O
15 Y/O
16 Y/O
17 Y/O

127.0 ± 15.5
131.9 ± 7.5
150.4 ± 4.5
149.5 ± 2.1
159.0 ± 9.8

144.3 ± 10.3
149.2 ± 13.1

N/A
N/A

159.5 ± 0.0

N/A
N/A
N/A

146.9 ± 4.7
149.4 ± 6.6
152.1 ± 6.9
152.4 ± 6.9
155.8 ± 5.4
151.6 ± 6.2
155.6 ± 7.0

0.4751

0.0881

0.1321

0.3561

0.6131

Weight
8 years old
9 years old

10 years old
11 years old
12 years old
13 years old
14 years old
15 years old
16 years old
17 years old

31 ± 18.4
35.1 ± 8.9
41.2 ± 4.5
51.5 ± 3.5
55.5 ± 9.2

42.3 ± 10.3
60.7 ± 22.9

N/A
N/A

78.5 ± 0.0

N/A
N/A
N/A

49.2 ± 11.7
51.4 ± 14.5
49.4 ± 12.1
49.6 ± 11.8
53.9 ± 13.5
53.1 ± 16.2
54.3 ± 15.3

0.7881

0.7061

0.4201

0.0691

0.1801

N/A no subjects in the study group
SDS standard deviations
1calculated using independent sample t test 

Table 2. Characteristics of the menarchal population.

It is a fact that most of the western countries have increased rates of earlier menarcheal ages as compared to the population 
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of Saudi Arabia. This statement has been justified by different studies, which include United States of America (12.6 years among 
white girls and 12.3 years among black girls) [39], Argentina (12.84 years), United Kingdom (12.5 years) [40], Italy (12.4 years) [41]. 
Similarly, the average age at menarche is lower among Saudi Arabia as compared to Eastern Asian countries, which include Korea 
(12.7 years) [42]. It is also lower than the other Arabic counties within the gulf region as in Kuwait [43] (12.41 years) and outside 
the gulf region as in Egypt (12.44 years old) [44]. This can be explained by racial or ethnic differences in sexual maturation [45]. It 
can be due to environmental factors and earlier exposure to synthetic estrogen, which accelerates the maturation process. It has 
been estimated that the average age of menstrual cycle among the normal/underweight group was almost similar to the above 
defined values.

The prevalence of obesity has risen significantly among Saudi population which was found to be correlated mainly with 
eating restaurants foods and sedentary lifestyle [46]. In our current study, weak correlation was found between earlier age of 
menarche and overweight/obesity. The findings showed that the prevalence of overweight and obesity were 5.6% and 3.1%, 
respectively. Obesity and overweight are now being studied as potential risk factors for earlier age at menarche [42]. This study 
has found statistically insignificant difference between BMI in categories (normal/underweight and obese/overweight) and age 
at menarche in categories (early and normal/late). However, significant difference in means among the different BMI categories 
can be observed although the association is weak (P 0.048). Most of the overweight/obese group (66.6%) had their menarche 
process between 11 and 12 years old. However, the highest proportion of the normal/underweight group (55.3%) had their 
menarche between 12 and 13 years old. No late menarche (>13 years) was found among the overweight/obese group.

The findings of the study have evaluated height and weight as two different measures, which were not directly associated 
with the issue of early menarche. Weather increase in BMI predisposes to early menarche or early menarche predisposes to 
obesity later in life is still controversial. A past study has shown that earlier menarcheal process is related to the deposition of fats 
which subsequently increases the risk of obesity [47]. 

A Korean study has shown that the increased BMI at the age of 7 to 8 years is connected with the early occurrence of 
menarche [42]. Another prospective cohort concluded that the advance in age at menarche is reflected in the concurrent increased 
in BMI, waist circumference, and body fat in early childhood [48]. Additionally, another study have found higher BMI z-score at 36 
months of age and an increased rate of change in BMI between the age of 36 months and grade 1 at a school, a period well 
before the occurrence of puberty, to be associated with earlier puberty [49]. Different explanations have been stated to identify the 
relationship between BMI and menarcheal age. Adiposity is associated with increased levels of leptin, a hormone that acts directly 
on the hypothalamus to stimulate the secretion of gonadotropin releasing hormone (GnRH); hence, starting the sexual maturation 
process [50]. Another explanation is that higher BMI in the pre-pubertal period with high fat percentage can increase the peripheral 
conversion to estrogen menarche ensues [51]. On the contrary, it has been evaluated that earlier menarcheal process is directly 
associated with higher estrogen, which can increase peripheral fat deposition [52]. Based upon the facts, BMI and menarche have 
been identified as independent factors that can be precipitated through genetic factors.

LIMITATIONS OF THE STUDY
Small proportion of menarcheal girls was the leading limitation of this study. Therefore, the findings of the study cannot be 

considered as the generalized outcomes. The association between BMI and menarcheal age is needed to be validated through 
testing from other confounders, which may include dietary habits and socio-economic status. Despite all of these limitations, it 
is a fact that a very low number of studies related to this topic have been conducted in Saudi Arabia. Therefore, the findings of 
this study have a great importance. 

CONCLUSION
This study concludes that the mean age of menarche has dropped significantly among girls in Saudi Arabia in comparison 

to the old data. It also concludes that there's no significant relationship between the body mass index of the participants and 
menarcheal age. BMI and age of menarche are independent factors that can be precipitated by genetic factors.
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