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A B S T R A C T
Background: Age at menarche is a significant indicator of growth and sexual maturation in girls. During adolescence, anthropometry
provides a tool for monitoring and evaluating the hormone-mediated changes in growth and reproductive maturation.
Objectives: We aimed to examine the anthropometric status of pre- and post-menarcheal Nigerian adolescent girls attending senior
secondary schools.
Materials and Methods: In this school-based cross-sectional survey, a pre-tested structured self-administered questionnaire was set
for obtaining the socio-demographic data (age at menarche, number of siblings, occupation and educational attainment of their
parents, etc.), while the anthropometric status data was obtained by direct measurement of weight and height. The body mass index
(BMI) and the ponderal index (PI) of each participant were computed from their respective weight and height values. The study was
designed to include all the students in the two schools that were randomly selected. The anthropometric indices of pre- and postmenarcheal girls were compared.
Results: Out of a total population of 2,166 students, 2,159 (99.7%) participated but 9 questionnaires were incompletely filled and were
rejected, leaving 2,150 (510 were pre-menarcheal and 1,640 were post- menarcheal) for further analysis. The mean menarcheal age was
13.44 ± 1.32 years (95% Confidence Interval (CI) = 13.38-13.5). Girls from families with high socio-economic status (SES) attained menarche
8.0 and 9.0 months earlier than their counterparts from families with middle and low SES respectively. Girls from small-size families
had a significantly lower menarcheal age than their counterparts from large-size families. A comparison of the anthropometric
indices of pre- and post-menarcheal girls showed: weight, 41.1 ± 6.3 kg (95% CI = 40.6-41.6) vs 47.6 ± 7.2 kg (95% CI = 47.3-47.9), P < 0.001;
height, 146.2± 5.5 cm (95% CI = 145.7-146.7) vs 153.6 ± 9.9 cm (95% CI = 153.1-154.1), P < 0.001; BMI, 16.4 ± 1.9 (95% CI = 16.2-16.6) vs 18.8 ± 1.6
(95% CI = 18.7-18.9), P < 0.001; and PI, 45.1 ± 1.7 (95% CI = 45.0-45.2) vs 44.6 ± 1.4 (95% CI = 44.5-44.7), P < 0.01.
Conclusions: Post-menarcheal girls were significantly taller and heavier with a higher BMI than their pre-menarcheal counterparts,
but the pre-menarcheal girls possessed a better linear body as reflected by the PI.
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1. Background
The adolescent age group constitutes a large segment
of the population of any nation. For instance, in Nigeria
adolescents account for approximately 23% of the total
population (1). Menarche is the first menstrual bleeding
in the life of a female and represents a major landmark
event in the life of an adolescent girl. This explains why
it is the most accurately recalled indicator of puberty. In
addition, menarche is the last in the series of events involved in the process of normal pubertal development.
Increasing our knowledge about the various factors
regulating the onset age of menarche has the potential
of improving our understanding of female reproductive
health, ultimately promoting the health of women and
their offspring. For instance, the age at menarche is not
only a reflection of onset of ovarian function, but also, a
predictor of ovulatory frequency (2). The age at which an
individual attains menarche depends not only on genetic
potential, but also on health status, which is in turn influenced by environmental factors, such as general standards of living and nutrition. The report of some studies revealed that socio-economic status of the family as
well as family size influenced the menarcheal age of girls
from these families (3-5).
Anthropometric measurements are an important, widely
applicable, non-invasive, and inexpensive technique for
assessing body size, proportions, and composition. With
regard to the adolescent, anthropometry is particularly important because it acts as a tool for monitoring and evaluating the hormone-mediated changes in growth and reproductive maturation during this phase of life. In a study at Ile
Ife, Nigeria, Dare et al. (5) reported the existence of considerable variations in the weight, height and, body mass index
(BMI) of adolescent girls who attained menarche. The reports of several studies separately indicated that adolescent
girls who attained menarche demonstrated a significantly
higher weight, height, and BMI than their peers who have
not attained menarche (5-7). Theponderal index (PI) has
been used as a tool for studying the physique of adolescent
girls and measuring the linearity of the body (8) . PI is commonly used in Pediatrics because the resulting values are
consistent across varying heights (9). Various studies have
established a link between PI and age at the onset of menarche (8, 10, 11). Among the various anthropometric measurements, BMI has been found to be the most relevant to
the onset of menarche (3, 7). Therefore, in this context BMI
may be useful in the assessment of patients with delayed
onset of menarche. Given that in both developed and developing countries, reports from various studies revealed a
trend towards a reduction in the average age of menarche,
where this was attributed to the improvement in the standard of living and nutrition (12-16). This leads to a surmise
that this scenario would be reflected in the anthropometric
indices of the adolescent school girls.
Although there are several studies conducted decades
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ago in Nigeria that have examined the age of onset of
menarche, only a few have examined the anthropometry and menarcheal status among the students (17). In
Nigeria, reports on comparative nutritional status based
on anthropometric indices between pre-and post-menarcheal girls are very scarce. To the best of our knowledge,
there is no Nigerian study that has examined the correlation between PI and menarcheal status, indicating that
anthropometry in relation to menarcheal status has not
received sufficient attention in Nigeria.

2. Objectives
These factors prompted us to assess the anthropometric
status of pre- and post-menarcheal schoolgirls. The present study, therefore, sought to examine the anthropometric status of pre- and post-menstrual adolescent girls
attending senior secondary school in Benin City, Nigeria.

3. Materials and Methods
This cross-sectional survey was conducted in two public
girls' secondary schools in Oredo's Local Governmental
Area (OLGA), Edo State, Nigeria. In this LGA, there are nine
public secondary schools comprising 4 females-only, 3
co-educational, and 2 males-only (18). The study was approved by the school authorities. The teachers distributed parental consent forms to parents via the students
asking for permission for the child to participate in the
study. Of the four girls’ secondary schools, two were
randomly selected by ballot. The total population of students in both schools selected was 1,394 in school A and
772 in school B, summing up all together into 2,166 which
was the target study population. The survey was designed
to include all the students in both schools (schools A and
B). The principal of each of the two schools introduced
the authors during the morning assembly. During data
collection between October and November of 2011, the
students were informed about the relevance of the study
and the need to accurately fill the questionnaire without
including their names and that their participation was
voluntary. Information sought in the questionnaire included: date of birth, date (month and year) of onset of
first menstrual bleeding, state of origin, educational attainment, occupation of both parents or guardians, and
family size (number of siblings). The menarcheal age was
verified from the mother or close relative of each respondent via a telephone call to ensure reliability. The socioeconomic status of the parents was determined using the
classification suggested by Ogunlesi et al (19). This was
analyzed via combining the highest educational attainment, occupation, and income of the parents (based on
the mean income of each educational qualification and
occupation). In this Social Classification System, classes
I and II represent high social class, class III represents
middle social class, while classes IV and V represent low
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social class. In this way, the girls were categorized into
high, middle, and low socio-economic groups. The family
size was categorized into small size (no sibling or one or
2 siblings); medium size (3 or 4 siblings); large size (5 or
more siblings). All participants had a significant acute illness in the past six months preceding the study. Students
known to have chronic illnesses such as sickle cell anaemia and diabetes mellitus were excluded.
All the height and weight measurements were performed by one of the authors (ANO), using the standard
anthropometric methods of the International Society for
the Advancement of Kinanthropometry (ISAK) (20).The
height of each of the participants was measured to the
nearest 0.1 cm with the subject being bare feet and standing upright against a wall-mounted stadiometer. The
body weight of each of the participants was measured to
the nearest 0.5 kg, using a balance weighing scale with the
subject wearing light cotton school uniform. The body
mass index (BMI) of each of the participants was computed from the ratio of the mass in kg to the square of the
height in m, [BMI= mass (kg)/height (m2)]. The ponderal
index (PI) was computed from the ratio of the height in
cm to the cube root of the mass in kg [(PI=height (cm)/
mass (kg)1/3)]. The data was analyzed using SPSS (Statistical Package for Social Sciences), version 12.0. The Student
t- test was used in comparing the mean of the anthropometric indices of pre- and post-menarcheal schoolgirls.
The level of significance was set at P < 0.05.

4. Results
At the time of this survey, a total of 2,166 female students
(1,394 in school A and 772 in school B) were attending the
two public girls’ secondary schools in the LGA (randomly
selected by ballot). Seven students (5 from school A and 2
from school B) declined to participate. The response rates
were 99.4% in school A, 99.7% in school B, and 99.7% overall.. The questionnaires of 9 students were excluded from
the analysis because they were incompletely filled, thereby leaving a total of 2,150 questionnaires (respondents)
for data analysis. Students in both schools had similar socio-demographic characteristics, thus further analysis of
data was carried out for the combined group of students.
Among the 2,150 respondents, 1,640 (76.3%) have attained menarche, while the remaining 510 (23.7%) have
not. The mean age at menarche was 13.44 ± 1.32 years (95%
CI = 13.38-13.50). Thirty one (1.9%) of the 1,640 girls attained
menarche before the age of 12 years (early menarche). As
depicted in Table 1, the mean age at menarche was significantly lower in high socio-economic group compared to
the low socio-economic group. Girls from families with
high SES attained menarche 8.0 and 9.0 months earlier
than their counterparts from families with middle and
low SES respectively. Similarly, girls from small-size families had a significantly lower menarcheal age than their
counterparts from large- size families (Table 1).

Table 1. Socio-economic Status (SES), Family Size, and Mean Menarcheal of Participants
Socioeconomic Status (SES)

No (%)

Mean menarcheal
Age, y

95% ConfidenceInterval

t-statistic (P value)

High SES

205 (12.5)

12.78 ± 1.21 a

12.61-12.95

a vs b = 4.41 (<0.01)

Middle SES

556 (33.9)

13.42 ± 1.18 b

13.32-13.52

b vs c = 2.08 (> 0.05)

Low SES

879 (53.6)

13.56 ± 1.29 c

13.42-13.59

a vs c = 7.95 (< 0.001)

Total

1640 (100.0)

13.44 ± 1.32 d

13.38-13.50

221 (13.5)

13.09 ± 1.31 e

12.91-13.26

d vs f:t = 4.82 (< 0.01)

Medium size

1063 (64.8)

13.41 ± 1.28 f

13.33-13.49

d vs e:t = 3.32 (< 0.05)

Large size

356 (21.7)

13.64 ± 1.37

13.50-13.78

b vs f:t = 2.79 (< 0.05)

1640 (100.0)

13.44 ± 1.32

13.38-13.50

Family size
Small size

Total

Table 2. Comparison of Mean Weight, Height, Body Mass Index, and Ponderal Index of Pre- and Post-Menarcheal School Girls
Anthropometric Variables

Pre-Menarche (n = 510),
Mean ± SDa(95% CI)a

Post-Menarche (n = 1640),
Mean ± SD (95% CI)

t- Statistic (P value)

Weight, kg

41.1 ± 6.3 (40.6-41.6)

47.6 ± 7.2 (47.3-47.9)

19.65 (< 0.001)

Height, cm

146-2 ± 5.5 (145.7-146.7)

153.6 ± 9.9 ( 153.1-154.1)

21.44 (0.001)

BMI, kg/m2

16.4 ± 1.9 (16.2-16.6)

18.8 ± 1.6 (18.7-18.9)

25.82 (< 0.001)

Ponderal index, kg/cm3

45.1 ± 1.7 (45.0-45.2)

44.6 ± 1.4 (44.5-44.7)

6.04 (< 0.01)

a Abbreviations: BMI, body mass index; SD=standard deviation; CI, confidence interval
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Eight (0.5%) of the post-menarcheal girls were the
only child in their families and their mean menarcheal
age was 12.80 ± 1.11 years (95% CI-=12.03-13.57). The mean
weight, height, and BMI of pre- and post-menarcheal adolescent school girls are compared in Table 2, and all the
three variables were found to be significantly higher in
post-menarcheal girls. As shown in Table 2, pre-menarcheal girls had a significantly higher PI than their postmenarcheal counterparts. The menarcheal age did not
differ in relation to state of origin.

5. Discussion
Data from the present study indicate that girls who
have attained menarche are significantly heavier, taller,
and with higherBMI than their counterparts who are yet
to attain menarche. This is not surprising as it is consistent with the reports of earlier studies from both developed and developing countries (3, 5, 16, 17). A high BMI, a
heuristic proxy for human adiposity, has been shown to
predict earlier onset of menarche (8, 21).The increased
body fat reflected by higher BMIin post-menarcheal
girls may be related to leptin (a fat-derived protein)
which stimulates secretion of gonadotropin-releasing
hormone (GnRH) by the hypothalamus, resulting in
stimulation of the pituitary-ovarian axis which in turn
stimulates pubertal surge of gonadotropin (22). Some
studies suggest that the age at menarche is related
more to body fat distribution. In this regard, higher gluteofemoral adiposity has been associated with a lower
menarcheal age (23).
In the present study, pre-menarcheal girls exhibited a
significantly higher mean PI (a measure of linearity of
physique) than their post-menarcheal peers. The normative value used in interpreting the PI was based on figures
obtained from Indian population because there is none
for Nigerian population (8). A higher PI indicates a linear body build (i.e., less weight for height). This finding
corroborates the report of an earlier study (10) and suggests that body size exerts some influence on the timing
of sexual maturation and that linearity of physique is associated with late maturation. The clinical implication is
that a more linear physique (identified by a high mean
PI) is associated with a delay in the attainment of menarche. Girls who attained menarche at a later age, tend to
achieve a greater height as adults than girls who attained
menarche at an earlier age (24, 25). This relationship is explained by the earlier fusion of the growth plate in girls
who attained menarche early due to an increase in production of ovarian estrogens associated with menarche
(24).The practical implication is that girls who had an
early menarcheal age are more likely to have short stature as adults with an attending psychological impact on
the long run.
The mean age at menarche (13.44 years) observed in
the present study is comparable to 13.43 years reported
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in 2007 among urban school girls in Port Harcourt, Nigeria (26), but lower than 13.98 years reported in 1994 from
Ile Ife, Nigeria (3). This finding might be a reflection of a
trend towards a reduction in menarcheal age in Nigeria.
Other recent studies in Nigeria have also alluded to the
reduction in age at menarche (17). It must be noted that
the methods of collecting and analyzing data vary from
one study to another, indicating the need to exercise caution when comparing age at menarche in different studies. Consistent with an earlier study in Benin City, (27)
nearly 2% of the girls attained menarche before the age of
12 years (early menarche) in the present study. This is worrisome because early menarche has been identified as a
risk factor for teenage depression,(28) insulin resistance,
(29) and breast cancer in adulthood (30).
The socio-economic status (SES) of the parents had a significant influence on the menarcheal age of their daughters in the present study. Girls from families with high
SES attained menarche at a younger age than their counterparts from families with low SES. This finding is consistent with the reports of other studies (3, 27). In contrast, a
study from Northern Nigeria did not find any difference
in the mean age at menarche in relation to socioeconomic status (31). They attributed their finding to thevery
skewed distribution of the social classes. For example,
80.9% and 91.7% of their urban and rural schoolgirls, respectively, came from low SES family. Similarly, girls from
small-size families attained menarche at a younger age
than their counterparts from large-size families. A possible explanation is that girls from families of high SES
and small-size families are exposed to a better standard
of living including nutrition. A previous study has reported a similar finding (4). Family size may exert its effect on
age at menarche through concealed poverty because the
larger the family size the lower the income per capita. In
families with low SES, food security is precarious with
the resultant inadequate nutrition and stress, a situation
that may be compounded by large family size.
Some limitations of the present study need to be considered. The findings are limited by the sampling location since the participants were derived from schoolgirls
in only one LGA in an urban area. The basic nature of the
study is associated with recall bias, and despite the limitations, this study gave an insight into the anthropometric status of pre- and post-menarcheal school girls in this
locality. The strength of the study lies in the large study
population which allows for meaningful conclusions. It
is therefore suggested that the scope of future studies on
the subject should be broadened to include secondary
schools in other LGAs of the state as well as adolescents
in the rural areas.
In conclusion, although post-menarcheal girls were significantly taller and heavier with a higher BMI than their
pre-menarcheal counterparts, the pre-menarcheal girls
possessed a better linear body physique.
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