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Ultimately, age at menarche reached 12.5–13.0 in the 
1990s, and since then the process has been observed to 
stabilise (halt)14 and even to reverse in some popula-
tions15,16.

Studies show that menarcheal age is correlated with 
direct and indirect effects of multiple factors. Factors di-
rectly influencing age at menarche are primarily of ge-
netic nature17,18. In turn, socio-economic, socio-cultural 
and even socio-political factors interact synergistically to 
exert an indirect influence on the onset of menstruation. 

Socio-economic factors include those elements of the en-
vironment which determine the living conditions in a given 
group: nutritional status, health condition, number of sib-
lings and birth order, education level, parents’ income and 
education, place of residence19–22. Age at menarche is also 
affected by the socio-political situation in the country. Po-
litical instability impacts nutrition, stress, access to health-
care, illnesses, fear of sexual aggression, etc.23,24. 

Many studies identify nutritional status as the stron-
gest factor directly and indirectly affecting menarche, as 
it is related to body weight and body fat content as well as 

Introduction

Age at menarche is often affected by low body fat con-
tent and/or low body weight. Nearly half a century ago, 
Frisch and Revelle1 suggested that body weight of 48 kg 
and body fat percentage of 22% constitute »critical thresh-
olds« playing a key role in metabolic and hormonal pro-
cesses responsible for the onset of menstruation. Subse-
quent research on this topic is not sufficient to challenge 
this theory, but at the same time there have been no lon-
gitudinal studies to support it. Undeniably, there is a link 
between age at menarche and the physical development 
and body build1–4.

Studies have shown that girls who are overweight dur-
ing childhood and puberty grow faster and reach men-
arche at an earlier age.5,6,7,8,9 On the other hand, girls who 
have their menarche relatively early and who are not nec-
essarily overweight tend to gain excess weight later in 
adulthood10,11.

In the developed countries, with a high standard of 
living, menarcheal age between 1830 and 1980 dropped 
at an average rate of approx. 3–4 months per decade.12,13 
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the level and dynamics of biological development25,26. The 
aim of this paper is to analyse age at menarche in Tanza-
nian girls for associations with body composition and se-
lected somatic indices.

Materials and Methods
Subjects

The research sample examined for menarcheal status 
was a group of female students from Tanzania (N=71). The 
inclusion criteria included informed consent granted by the 
girls after the purpose of the study was presented to them. 
The girls agreed to anthropometric measurements and 
completed a questionnaire – voluntarily and independent-
ly – which included a question on the time of their first 
menstruation. All girls belonged to the Bantu language 
group. 

Anthropometric measurements were taken for a total 
of N=97 girls, but 26 of that number had not had their first 
menstruation yet. The average calendar age and age at 
menarche was calculated for post-menarche girls. The 
date of the first menstruation was provided by the par-
ticipants on an »as recalled« basis, in some cases with 
great detail, while other girls only provided the calendar 
year and month. Data were verified for correctness by 
teachers or carers, as long as it did not infringe on the 
participants’ privacy and intimacy.

Anthropometric data

Body height measurements (B-v) [in cm] were taken 
with an anthropometer and body weight was measured [in 
kg] using electronic weighing scales SOEHNLE (model 
63671 Chicago Silver Body Balance Scale B000FL3H3G), 
with an accuracy of 100 g. The application of weighing 
scales using the bioimpedance technology made it possible 
to gather body composition data, including the percent-
ages of H2O, fat, and muscle in the body. Waist and hip 
circumferences were measured using a metric tape [in 
cm]. All measurements were performed in compliance 
with anthropometric technique27.

The participants’ nutritional statuses and body fat dis-
tribution were assessed according to the following indices: 
Body Mass Index (BMI), Waist-to-Hip Ratio (WHR) and 
Waist–to–Height Ratio (WHtR). The Body Mass Index 
(BMI=kg/m2) is generally accepted as the leading indica-
tor for assessing nutritional status, and it was used to 
assign the girls to predefined categories. Interpretation of 
results: BMI <16.00 indicates grade 3 thinness; BMI 
16.00–16.99 indicates grade 2 thinness; BMI 17.00–18.49 
indicates grade 1 thinness; BMI 18.50–24.99 is the nor-
mal (healthy) range; BMI 25.00–29.99 indicates grade 1 
overweight; BMI 30.00–39.99 indicates grade 2 over-
weight; BMI 40.00≥ indicates grade 3 overweight.28 WHR 
= waist circumference [cm]/hip circumference [cm] in 
women indicates visceral fat accumulation (android type) 
when the ratio is ≥0.8. WHtR = waist circumference[cm]/
(B-v)[cm]x100 is interpreted according to the following 
categories for women: ratio less than <34: extremely slim, 

ratio 35 to 41: healthy slim, ratio 42 to 48: healthy, ratio 
49 to 53: overweight, ratio 54 to 57: very overweight, ratio 
58+: morbidly obese29. The assessment of the participants’ 
nutritional status according to BMI, WHR and WHtR was 
used to find out whether the group under analysis was 
affected by the problems of excessive weight and adiposity, 
and to identify the extent to which body weight was as-
sociated with biological maturity and menarcheal age.

Statistical analysis

The data were statistically analysed using the software 
package Statistica made by StatSoft, Inc.30. The arithme-
tic mean X, standard deviation (SD) and minimum–max-
imum range (min-max) were calculated for each of the 
studied parameters. The variables included in the analy-
sis (calendar age, body height, body weight, %H2O, %fat, 
%muscle) divided into pre-menarche and post-menarche 
group demonstrated statistically significant differences 
from normal distribution (t tests). Further analysis in-
volved non-parametric tests. To analyse the differences 
between the studied groups, the non-parametric Mann-
Whitney test was used. The level of significance was tak-
en as p≤0.05. 

In the post-menarche group N=71, backward stepwise 
multiple regression analysis was performed to determine 
the extent to which anthropometric data and the somatic 
indices calculated from them impact age at menarche. Age 
at menarche was defined as a dependent variable affected 
by: calendar age, body height (B-v), body weight, %water, 
%fat, %muscle, BMI, WHR and WHtR. In the subsequent 
stages (steps) of analysis, the variables which are corre-
lated insignificantly are eliminated out of the equation, 
and the statistical significance of the remaining variables 
is tested at each step to reveal the cause-and-effect rela-
tionships among the variables included in the equation. 
The final result (adjusted R2) is not always higher than 
those at the preceding stages because once a variable is 
eliminated, the remaining variables are rearranged and 
new synergies/relations among them may emerge. By ap-
plying this technique, the strength of impact the individ-
ual variables included in the model have upon age at men-
arche can be assessed in a comprehensive manner. 

Ethical consideration

The study involved a non-invasive approach. The school 
principals verified the objective of the study. The final de-
cision to take part in anthropometric measurements was 
left to the young people. The study was explained to the 
participants in Swahili, the local language.

Results
Age at menarche

Age at menarche in the post-menarche group N=71 cal-
culated using the recall method was X=14.29 years (±1.13) 
and ranged from 11.00 to 17.33 years. 
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Anthropometric data

The average calendar age of all the participating girls 
N=97 was X=15.42 years (±1.87) falling within the range 
12.44–22.72 years, mean body height was X=153.14 cm 
(±5.54), and mean body weight X=50.26 kg (±7.60). The 
average calendar age of post-menarche girls n=71 was 
similar X=15.92 years (±1.87), their mean body height 
X=154.16 cm (±5.01) and mean body weight X=51.58 kg 
(±6.90). In the pre-menarche group N=26, the average age 
was X=14.04 years (±0.98), with body height X=150.34 cm 
(±6.04), and body weight X=46.65 kg (8.37) (Table 1). In 
the pre-menarche group, more than half of the girls 
(57.69%) had not reached the body weight threshold of ≥48 
kg, but as many as 88.46% in the same group were char-
acterised by body fat content of ≥22%. In the post-men-
arche group, 32.39% of girls had not reached ≥48 kg in body 
weight, but as many as 97.18% of the participating girls 
from this group were characterised by body fat percentage 
of ≥22% (Table 2). The Mann-Whitney U test for the fol-
lowing variables in the post-menarche and pre-menarche 
groups: calendar age, body height and weight, body water, 
fat and muscle percentages, revealed statistically signifi-
cant differences. The Z statistic for the Mann-Whitney U 
test amounted to: –4.980 (p=0.000), –2.822 (p=0.005), 
–3.164 (p=0.002), 3.221 (p=0.001), 2.989 (p=0.003) respec-
tively for: calendar age, body height, body weight, % water 
and % muscle. 
Somatic indices: BMI, WHR and WHtR

The average BMI in the post-menarche group N=71 was 
X=21.69 (±2.67) and BMI scores fell within the range from 
16.89 to 28.54 (Table 1). A clear majority in this group of 
participants (74.65%) were characterised by normal nutri-
tional status according to the BMI scale. Based on BMI 
scores, 11.27% of participants in the same group were un-
dernourished, while 14.08% were overweight (Table 2). 

Table 1
Anthropometric measurements and somatic indices of participants according to menarcheal status

All together
(N=97)

Pre-menarche girls
(N=26)

Post-menarche girls
(N=71)

X±SD median Min-Max X±SD median Min-Max X±SD median Min-Max

Calendar age 15.42±1.87 15.14 12.44–22.72 14.04±0.98 13.95 12.44–16.37 15.92±1.87 15.71 12.86–22.72
Body height (cm) 153.14±5.54 152.80 138.80–166.40 150.34±6.04 150.85 138.80–163.20 154.16±5.01 153.60 141.80–166.40
Body weight (kg) 50.26±7.60 49.60 35.00–73.10 46.65±8.37 45.65 35.00–73.10 51.58±6.90 51.20 38.60–66.80
% water 55.37±4.39 54.60 47.60–66.60 58.10±4.86 59.05 48.60–66.60 55.11±4.25 54.10 47.60–65.70
% fat 30.77±5.33 30.60 19.00–43.50 29.66±6.62 28.45 19.30–40.70 30.82±5.14 30.80 19.00–43.50
% muscle 40.82±4.18 39.90 34.60–60.00 42.41±3.78 42.50 35.60–53.10 40.95±4.51 39.80 34.60–60.00
BMI 21.40±2.79 21.51 14.84–29.66 20.58±2.99 20.47 14.84–29.66 21.69±2.67 21.67 16.89–28.54
WHR 0.79±0.04 0.79 0.69–0.90 0.79±0.04 0.80 0.70–0.90 0.79±0.04 0.79 0.69–0.89
WHtR 0.48±0.04 0.48 0.41–0.59 0.48±0.04 0.47 0.41–0.57 0.49±0.04 0.49 0.42–0.59

BMI – Body Mass Index; WHR – Waist-to-Hip Ratio; WHtR – Waist-to-Height Ratio

Table 2
Selected anthropometric and socio-economic data

All together
(N=97)

Pre-men-
arche girls

(N=26)

Post-me-
narche girls 

(N=71)

N(%) N(%) N(%)

Body weight (kg)
<48
≥48

38(39.18)
59(60.82)

15(57.69)
11(42.31)

23(32.39)
48(67.61)

Body fat percentage 
in body weight 
<22%
≥22%

5(5.15)
92(94.85)

3(11.54)
23(88.46)

2(2.82)
69(97.18)

BMI
<16.00
16.00–16.99
17.00–18.49
18.50–24.99
25.00–29.00

1(1.03)
2(2.06)

11(11.34)
72(74.23)
11(11.34)

0
1(3.85)
5(19.23)

19(73.08)
1(3.85)

1(1.41)
1(1.41)
6(8.45)

53(74.65)
10(14.08)

WHR
<0.8
≥0.8

15(15.46)
82(84.54)

4(15.39)
22(84.61)

11(15.49)
60(84.51)

WHtR
<34
35–41
42–48
49–53
54–57
58+

0
3(3.09)

47(48.45)
39(40.21)

7(7.22)
1(1.03)

0
3(11.54)

12(45.15)
10(38.46)
1(3.85)

0

0
0

35(49.30)
29(40.85)

6(8.45)
1(1.40)

BMI – Body Mass Index; WHR – Waist-to-Hip Ratio; WHtR – Waist-
to-Height Ratio
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In the pre-menarche group, the average BMI was 
X=20.58 (±2.99) and ranged from 14.84 to 29.66 (Table 1). 
The comparative analysis of mean somatic indices in both 
groups using the Mann-Whitney U test did not return 
statistically significant differences. The majority of the 
examined pre-menarche participants had normal body 
weights according to the BMI scale (73.08%), while 23.08% 
might be classified as undernourished and one person as 
grade 1 overweight according to BMI. Notably, BMI outli-
ers were found in the pre-menarche group (Table 2).

The average values of WHR and WHtR were the same 
in both groups: pre- and post-menarche girls; and the min-
max ranges were also similar (Table 1).

Results of backward stepwise regression analysis 
for the post-menarche group.

In the backward stepwise regression analysis, the fol-
lowing characteristics remained statistically significant 
throughout: body height (B-v), body water content (%) and 
body fat content (%). The following parameters were the 
first to be eliminated in the initial stages (steps) of the 
equation: WHR, WHtR and muscle mass content (%). At 
that stage, R2 reached a higher level (adjusted R2=0.397) 
than the final result, which may indicate that the remain-
ing variables in the equation made for the optimal syner-
gistic arrangement. The equation was solved following the 
elimination of body height, which was found to be statisti-
cally significant from the onset. The final R2 (adjusted) 
amounted to 0.33 (Table 3). This means that the charac-
teristics taken into account explain 33% of the variation 
in age at menarche.

Discussion

Studies show that there exists a relationship between 
BMI and age at menarche. Post-menarche women are 
found to have higher BMI scores than women prior to the 
onset of menstruation.31,32 The results presented herein 

Table 3
Results of the backward stepwise multiple regression analysis for the dependent variable: age at 

menarche (N=71)

Stepwise WHR WHtR %muscle Body weight BMI (B-v) %water %fat F Adjusted R2

0 0.095 –0.22 –0.13 2.89 –2.7 –1.7* –1.2* –0.90* 6.531 0.388
1 –0.11 –0.13 2.92 –2.8 –1.7* –1.1* –0.91* 7.464 0.393
2 –0.12   3.02* –2.9* –1.7* –1.2* –0.93* 8.704 0.398
3 2.67 –2.6 –1.5* –1.3* –0.96* 10.214 0.397
4 –0.21 –0.23* –1.3* –0.95* 11.519 0.374
5 –0.20* –1.1* –0.87* 14.271 0.363
6 –1.0* –0.79* 18.534 0.334

*p<0.05; (B-v) – basis vertex, body height; BMI – Body Mass Index; WHR – Waist-to-Hip Ratio; WHtR – Waist-to-Height Ratio

confirm this proposal. The girls who had started menstru-
ating had higher body weight and slightly higher BMI 
scores. It may be concluded that overweight is more prev-
alent in post-menarche girls than those prior to the onset 
of menstruation. It should be noted, however, that both 
groups under analysis included girls with a high BMI, 
though there were more of them in the post-menarche 
group. Being overweight does not initiate menarche, but 
rather the onset of menstruation initiates fat accumula-
tion.33 The difference between the average BMI scores in 
the pre-menarche and post-menarche groups was found to 
be statistically significant (in the Mann-Whitney U test), 
but it was most likely due to the difference in calendar age 
and, consequently, in the overall biological development. 
At the same time, there were no significant differences in 
WHR or WHtR, which may point to similar fat distribu-
tion in girls before and after menarche. Interestingly, in 
both groups the distance between the minimum and max-
imum values of the observed characteristics was relative-
ly large (and similar). 

The comparative analysis of the average values of the 
analysed characteristics in the pre-menarche vs. post-
menarche groups using the Mann-Whitney U test showed 
statistically significant differences in body water and 
muscle percentages. Yet, the same characteristics in the 
backward stepwise regression analysis for the post-men-
arche group N=71 did not confirm their leading role. Mus-
cle mass percentage was one of the first to be eliminated 
out of the equation as statistically insignificant. Body wa-
ter content remained statistically significant until the last 
step of the equation, and so did body fat content. Regres-
sion analysis showed that the characteristics taken into 
account explained 34% of the variation in age at men-
arche. The final result could be improved up to as much 
as 70–80% by excluding several characteristics (vari-
ables), but that would amount to manipulating the bio-
logical conditions in which the research was conducted. 
Body fat percentage in the comparative analysis of the 
post-menarche group vs. the pre-menarche group using 
the Mann-Whitney U test did not demonstrate statisti-
cally significant differences. This may indicate that age 
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at menarche is independent of body fat percentage. High-
er BMI values in the post-menarche group were a resul-
tant of body heights and weights, which were due to a 
significant difference in calendar age rather than poor 
nutritional status. This is confirmed by WHR and WHtR 
averages for the two groups under analysis. The partici-
pant with the highest body weight was actually found in 
the pre-menarche group. 

It is not easy to select comparative material on black 
girls inhabiting their native environments. Differences in 
research methodologies and approaches to determining 
body fat, muscle and water contents constitute significant 
obstacles. It would seem that studies from the neighbour-
ing countries would be the most appropriate for compari-
son in terms of the environment and socio-demographic 
status, but in reality the above assumption is not quite 
borne out. Africa is one of the most economically and so-
cially diverse regions of the world. These environmental 
differences affect morphological characteristics of its in-
habitants, even those belonging to the same tribes and 
linguistic groups. Moreover, not all authors who analyse 
age at menarche take into account anthropometric data. 
On the other hand, however, it should be noted that the 
present analysis revealed age at menarche to be dependent 
on the same factors as those considered in studies from 
the developed and highly developed countries, using the 
same methods and criteria34.

Some publications suggest that menarche occurs ear-
lier in the Mediterranean region due to its favourable cli-
mate. Menarche appears later in northern latitudes due 
to the loss of body temperature and in southern latitudes 
due to slower metabolism35. Tybor et al36. noted a signifi-
cant difference in the distribution of fatty tissue before 
menarche and after the onset of menstruation among 
white and black girls. Across all the age groups included 

in the comparison the differences were most pronounced 
for black girls.

A study by Leenstra et al.37 conducted in rural western 
Kenya found that the average age at menarche was 15.1, 
higher than that of the girls from Tanzania in the present 
study. Authors of that study did not identify groups accord-
ing to socio-demographic or socio-economic factors. Inter-
estingly, a considerable percentage of the participating 
girls under the age of 15 had not reached normal body 
weight according to BMI scoring.

In a study by Mwakagile et al.38 on the sexual behav-
iour among youths from Dar es Salaam, age at menarche 
was 14.9 years (±1.5) and was higher than the present 
results. The list of ages at menarche in Africa compiled by 
Padez21 demonstrates that the present results are typical 
of similar communities from other countries of the conti-
nent. Belachew et al.22 demonstrated that age at menarche 
is delayed in regions recognised as unstable due to chron-
ic food shortages. 

It is difficult to conclude unambiguously whether Afri-
can studies on the key mechanisms contributing to the 
onset of menstruation are comparable to the studies from 
highly developed countries. It seems that Africa with its 
environmental conditioning has its own unique rules. In 
the same way, the onset of the menstruation is not neces-
sarily dependent on reaching a »critical« body weight or 
fat content threshold. It is more of an indicator of the de-
gree of biological development.
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OVISNOST IZMEĐU DOBI MENARHE, SASTAVA TIJELA I ODABRANIH SOMATSKIH INDEKSA

S A Ž E T A K

Cilj ovog rada je analizirati dob menarhe kod tanzanijskih djevojaka u korelaciji sa sastavom tijela i odabranih tjele-
snih indeksa. U istraživanju je sudjelovalo 97 djevojaka (71 poslije menarhe i 26 prije menarhe). Mjerenja su izvršena 
za tjelesnu visinu, tjelesnu masu, struk i opseg struka. Sastav tijela je analiziran za postotke tjelesne vode, masnoće i 
mišića. Nutritivni status i distribucija tjelesne masnoće djevojaka su određeni pomoću sljedećih somatskih indeksa: BMI, 
WHR (Omjer struka i kukova) i WHtR (omjer struka i visine). Za skupine poslije menarhe (N = 71) provedena je postupno 
nazadna višestruka regresijska analiza. Prosječna dob menarhe izračunata je primjenom metode opoziva za N = 71 je 
= 14,29 godina, kalendarska dob = 15,92 godina. Više od polovice (57,69%) djevojaka u skupini prije menarhe nije dosti-
gao tjelesnu težinu od 48kg, dok ih je u skupini poslije menarhe bilo 32,39%. Čak 97,18% od postmenarhnih djevojčica 
imalo je tjelesni postotak masti od 22%, u odnosu na 88,46% iz skupine prije menarhe. U pogledu BMI-a, 74,65% post-
menarhnih djevojaka je imalo zdravu težinu, u usporedbi sa 73,08% iz skupine prije menarhe. Nije bilo značajne razlike 
kod WHR ili WHtR, koji mogu ukazati sličnu raspodjelu masti u djevojčice prije i nakon menarhe. Analiza je pokazala 
da početak menstruacije nije strogo vezan s dostizanjem kritične točke u tjelesnoj težini i sastavom tijela.




