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Introduction

Puberty is an ordinary situation to adolescence
and the progress of secondary sexual characteris-
tics leads to the total differentiation between male
and female. Also, the final height and posture of
the male and female adolescents are determined in
this period (1). The menarche age is often consid-
ered for various reasons. It is one of the major
indices of the female fertility which includes the
period up to the menopause (2). There have been
studies on the role of height, weight, and body
structure on the menarche age; however, there is a
variation on the role of such factors (3-5). Some
researchers believe that some body fat is necessary
in female adolescents and there is a minimum
weight requirement for starting the menstruation
(1). Higher food consumption which is often a
result of the improved socioeconomic status is
among factors leading to the lowered age of

menstruation, as witnessed in the present century
(6). The menarche and puberty age are lowered in
Iran (2). Overweight and increased Body Mass
Index (BMI) have been among the major changes
in girls (7) and most likely being important factors
affecting the menarche age. Menarche age is re-
lated to incidence risk of diseases such as breast
cancer, obesity, and endometer cancer (8-10).
The purpose of present study was to investigate
the relationship between menarche age and BMI
in adolescent girls 11-17 years of age in Kish Is-
land, Iran 2011.

Materials and Methods

The study sample consisted of 488 adolescent girls
11-17 years old was the entire population of the
secondary school girls in Kish Island, Iran, in 2011.
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Data Collection Instruments
Data was collected by measuring height (cm),
weight (kg) and consequently calculation of BMI
by dividing weight (kg) into squared height (m).
The menarche age was ascertained and recorded
using self or parental report. For measuring the
weight with an accuracy of 0.1 kg, minimal clothes
and no shoes were required. A portable scale
(made in Germany by SOEHNLE) was calibrated
daily with a standard scale and used for measuring
weight. The participants’ heights were measured
by a plastic measuring tape attached to a wall; the
participants were required to put their legs straight
together, keep their arms to their sides and keep
their knees, shoulders and back of their head all in
the same direction; a ruler touching the top of
their head and the measurement was recorded
with an accuracy of 0.5 cm.

Statistical analysis
Data are presented as mean (SD) for numerical or
N (%) for categorical variables. Two-sample inde-
pendent t-test was applied for comparing weight,
height, and BMI of menarche and non-menarche
groups. The odd of menarche was estimated using
three different logistic regression models. Model 1,
estimates the effect of weight on menarche while
adjusting for age. Similarly, the adjusted effects of
height and BMI were estimated in Models 2 and 3,
respectively.  To be able to compare the effects of
weight, height, and BMI, we also fitted logistic
regressions to the standardized values of these
factors. Pearson correlation coefficients between
age and the above mentioned factors were also
calculated. This will help us to identify a factor
with minimal correlation with age as the most
effective factor predicting menarche. All statistical

analyses were conducted in R (version 2.15.4)
statistical software (11).

Ethics
All parents gave written consent for participation
in the study. The Ethical Committee of Tehran
University of Medical Sciences approved the study
protocol.

Results

Totally, 488 girls (all students) participated. Over-
all 26.4% were none menstruated and 73.6% had
experienced their menarche. Results of our anal-
yses are presented in Tables 1-3 and Figure 1. Ta-
ble 1 shows the sample proportion of menarche at
any given age indicating the cumulative distribu-
tion of age of menarche.  Median menarche age as
interpolated using a logistics curve was 12.85 years.
Of course this estimation is based on the defini-
tion of age which is defined as the number of birth-
days a person has experienced. So, ½ years has
already been added to this interpolation (Fig. 1).

Fig. 1: Cumulative distribution of proportion of
menarche by age

Table 1: Cumulative distribution of age of menarche (Kish Island, Iran 2011)

Age N Number of menarche % of menarche
11 8 2 25.0
12 99 40 40.4
13 166 116 69.9
14 146 134 91.8
15 55 54 98.2
16 12 11 91.7
17 2 2 100.0
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Note that since the age distribution of menarche
is almost symmetric, such median can be consid-
ered as the mean age of menarche as well. Table 2
shows that BMI of the menstruated girls were
within range of 18.9-22.3 kg/m while in non-
menarche group ranges between 17.7 and 19.5.
Table 2 also shows that generally, in each age
group of menarche, children are heavier, taller,
and fatter than non- menarche. In fact, apart from
age group 11, all differences between the above
two groups regarding the above characteristics
were highly statistically significant.  Table 3 shows
the results of three different logistic regression
models fitted to data predicting age adjusted ef-
fects of variables weight, height, and BMI (Models
1-3). As indicated in Table 3 (Model 1), adjusting

for age, every 1 unit (kg) increment of weight in-
creases the odds of menarche by about 7% (P<
0.001). Based on Model 2, adjusting for age, every
1 unit (cm) increment of height increases the odds
of menarche by about 13% (P< 0.001). Finally,
according to Model 3, again adjusting for age,
every 1 unit (kg/m2) increment of BMI increases
the odds of menarche by 18% (P< 0.001). In or-
der to compare the adjusted effects of weight,
height, and BMI; new logistic regression models
were fitted to the standardized values of these fac-
tors. Results of these models also indicated (not
shown) that by every standard deviation unit
increment of weight, height, and BMI, the odds of
menarche become 2.5, 2.13, and 2.10 folds respec-
tively.

Table 2: The mean Weight, Height, and BMI by age separated for menarche and non-menarche groups

P values calculated using two independent sample t-test

Table 3: Results of three Logistic Regression models

Variables Model 1
(Age & Weight)

Model 2
(Age & Height)

Model 3
(Age & BMI)

OR (95% CI) P* OR (95% CI) P OR (95% CI) P
Age 3.09

(2.30 – 4.14)
<0.001 2.91

(2.17 – 3.89)
<0.001 3.36

(2.51 – 4.49)
<0.001

Weight 1.07
(1.05 – 1.10)

<0.001

Height 1.13
(1.08 – 1.18)

<0.001

BMI 1.18
(1.10 – 1.27)

<0.001

P values calculated using logistic regression model

Age Weight  (Mean (SD)) Height (Mean (SD)) BMI (Mean (SD))
Menarche Non-

menarche
P* Menarche Non-menar-

che
P Menarche Non-men-

arche
P

11 44.8
(3.2)

39.9
(7.3)

0.359 153.9
( 1.0)

148.3
(8.7)

0.175 18.9  (1.1) 17.7
(1.8)

0.43
7

12 50.0
( 7.9)

42.3
(11.2)

<0.001 153.1
( 4.9)

148.7
(6.0)

<0.001 21.3  (2.9) 18.9
(3.9)

0.00
1

13 52.4
(11.6)

45.3
(10.9)

<0.001 155.3
( 5.6)

151.8
(5.4)

<0.001 21.6  (4.1) 19.6
(4.0)

0.00
3

≥14 55.2
( 13.2)

46.1
(7.8)

0.012 156.9
( 5.4)

153.5
(7.2)

0.026 22.3  (4.9) 19.5
(2.6)

0.03
2
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Discussion

In this cross sectional study conducted in Kish
Island, in the southern province of Iran, most
menstruated girls were in the age range of 12-14
years old (91.8%).
As indicated in Table 1 and Fig. 1, the median age
at menarche in Kish Island is 12.85 years which is
lower than previous studies in Iran, showing a
clear decreasing trend of menarche age.
In our data analyses we found some interesting
results as indicated in Table 3.  It has been found
that the effect of age on menarche is more pro-
nounced when estimating the BMI effect (Model
3; OR=3.36; 95% CI (2.51, 4.49)) as compared to
the other two models. The reason for such
phenomenon is that the BMI is less correlated
with age (r=.18) than weight and height (with
r=.26, and r=.35, respectively of Pearson correla-
tion with age). Also, we found that height is most
correlated with age. It is quite natural that with
increasing age, height increases. After height,
weight is more correlated with age. Although the
correlation between BMI and age is not quite high,
it is the most important factor and its impact on
menarche is highly significant (Table 3).
Median menarche age was 12.85 years (Fig. 1),
which is lower in comparison with countries such
as Bangladesh (15.8), Congo (13.83), Ghana
(13.98), Tanzania (15.21) and Senegal (16.1) (12).
It is however, similar to countries such as America
(12.8), Greece (12.0) and Italy (12.2) (12). Alt-
hough the timing of puberty is related to the ge-
netic factors, other factors such as geographical
location, common health status, nutrition and
socioeconomic status affect the onset of
menstruation and its progression. Since data
collections procedures vary in different studies
and consequently could affect the results, there-
fore interpretation and comparison of such find-
ings require some caution. The results of the pre-
sent study when compared with the other Iranian
studies indicate that the menarche age in girls in
Kish Island is similar to those in the northern and
central parts of Iran (3, 4). However, they all show
a decreasing trend in the menarche age through-
out the last 20 years, as in countries similar to

America, Europe and Asia (2, 4, 13-15). There are
many studies showing the decreasing trend of the
menarche age in the last 100 years; one such study
is Anderson and colleagues’ study in the US,
investigating the changes of the menarche age,
which showed that the mean menarche age in
American girls had decreased from 12.75 to 12.54
in a 20-year time span (16). Also, the mean menar-
che age had decreased within the past 40 years,
attributing the reduction to girls’ increasing obe-
sity (17). Other researchers also attribute this to
other factors including social, economical, health
and nutritional improvement (6). In the present
study, the weight of the menstruated girls in Kish
Island, Iran was 51.43±10.73 kg, which is higher
than the respective figures in other parts of Iran
(18). It seems that lifestyle, health services, familial
economic improvements, low physical activity and
overconsumption of fast food and regionally
particular nutrition are among the factors leading
to the heavier weight of the participants in present
study. Although the mechanisms involved in the
negative correlation between obesity and menar-
che age are not well recognized, it is suggested
that many endocrine factors are alleged to affect
the speed of sexual puberty and fat accumulation
in the body (9). Firsch believes that in order to
start menstruation, girls need to achieve a mini-
mum weight of 47.8 kg; and more importantly,
their body fat should amount to 23.7% (from
16%) (19). Therefore, the puberty starts earlier in
medium-obese girls (with 20 to 30% overweight
than normal) than in girls with normal weight; in
contrast, girls with malnutrition will experience a
delay in menstruation (12). Several studies indicate
that the childhood obesity is a predictor of early
puberty (20). In the present study, the menstru-
ated girls had higher weight than the non-
menstruated ones. This is in line with some earlier
studies as well (5, 21, 22). The increase in the body
fat mass can be a significant message to cause the
secretion of Leptin, stimulating the hypothalamus
and consequently the over-secretion of GnRH.
Moreover, GnRH stimulates the hypophysis-ovar-
ian axis and initiates the speeding up puberty (23).
Mean height of the participants in the present
study was 156.06±11.35 cm, which is close to fig-
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ures obtained in studies of other Iranian regions.
The height of the menstruated girls was signifi-
cantly taller than the non-menstruated ones. This
finding is in line with earlier studies (18, 21, 22).
Taller girls (148.60 cm) experience menstruation
earlier than shorter ones (135 cm) in California
(17). The interesting point is that girls with earlier
puberty have shorter height in adulthood in
comparison with those with delayed puberty, in-
deed the former experience speeded development
and enjoy a taller height at puberty (24). It was
observed that the menstruated girls’ BMI was
significantly higher than the non-menstruated
girls’ BMI; this is also congruent with other stud-
ies (18, 21, 22, 25, 26). In the present study, 62.2%
of the menstruated girls had a BMI of above 18.5,
indicating that physical condition is in agreement
to a previous study by Einy and colleagues in Iran,
the menarche age of girls with higher BMI, was
lower than those with normal or lower BMI (27).

Conclusion

The results of the present study indicate that
menarche age in Iran is experiencing a decreasing
trend and parallel to this trend, the height, weight,
and BMI is on the rise for children and adoles-
cents in this country as well. In addition BMI of
the child was shown to be positively associated
with the odds of menarche. It is recommended
implementation of educational plans to enhance
the knowledge of the adolescent girls on their
habits of nutrition and providing them with the
appropriate eating patterns.
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