
ORIGINAL ARTICLE

Nutritional status and age at menarche in amazonian

students

Kettyuscia Coelho e Oliveira a,b,*, Jos�e Cardoso Neto c, Davi C. Aragon b,
Sonir R. Antonini b

a Universidade do Estado do Amazonas (UEA), Departamento de Clínica M�edica, Manaus, AM, Brazil
b Universidade de S~ao Paulo, Faculdade de Medicina de Ribeir~ao Preto, Departamento de Pediatria, Ribeir~ao Preto, SP, Brazil
c Universidade Federal do Amazonas (UFAM), Departamento de Estatística, Manaus, AM, Brazil

Received 18 December 2023; accepted 1 March 2024

Available online xxx

Abstract

Objectives: Age at menarche (MA) is a proxy for biological maturation and a parameter of socio-

economic changes. Worldwide, anticipation of menarche is associated with nutritional transition

and excess weight. The objective of this study was to evaluate the MA in Amazonian students

and its association with nutritional status, ethnicity, and socioeconomic level.

Methods: Cross-sectional study with 1,017 students aged 6 to 17 living in the city of Manaus,

Brazil. MA was analyzed by status quo and recall; its association with body mass index (BMI),

race, socioeconomic status, and adult height was examined.

Results: 559 (51.9%) participants had already experienced menarche. In 91.7%, menarche

occurred between 10 and 14 years of age; the mean age at the onset of menarche was 11.9 years.

Overweight (11.6 years) and obese (11.4 years) participants reached menarche earlier than

those with normal weight (12 years) and lean (12.7 years) participants. The associations between

MA and nutritional status showed that overweight and obesity are risk factors for the early occur-

rence of menarche. MA was not associated with socioeconomic status/parental education or

race. However, excess weight was associated with earlier MA in all races and social classes. The

adult height was slightly lower in girls with menarche before 12 years old (157.9 vs 159.4 cm).

Conclusion: Regardless of socioeconomic level or ethnicity, excess weight was associated with

earlier menarche in Amazonian students.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Monitoring secular trends in the pubertal development of a
country’s children is essential for social and public health
reasons.1,2 The phenomenon described as the “secular trend
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in MA”, which demonstrates an anticipation of menarche,
was first observed in Europe and the United States in the
mid-19th century and was due, at least in part, to an
increase in body mass index (BMI) during childhood.3 The
timing of the onset of puberty has changed notably in recent
centuries. Until the middle of the 20th century, MA gradually
declined in many industrialized countries. Data from Europe
show that MA decreased drastically throughout the 19th and
20th centuries. In the mid-19th century, menarche occurred
at around 17 years of age. However, in the second half of the
20th century, it occurred around 13 years. At the end of the
20th century, this trend ceased in developed countries,
probably due to stable socioeconomic conditions and
improved nutritional and hygiene conditions. Since the
1960s, the downward trend of MA appears to have dimin-
ished in both Europe and the USA, but has remained signifi-
cant, 2.5 to 4 months over the last 25 years.4,5,6,7

In this century, in the first decade of the 2000s, reported
MA in the USA was 12.2 years, corresponding to a three-
month decrease over the last 20 years.8 The Copenhagen
study showed that the age of onset of puberty decreased by
12 months between 1991 and 2006 (1991 cohort: 10.9 years;
2006 cohort: 9.9 years). However, in that population, the
decrease in MA was much less significant: three months in
the same period (1991 cohort: MA = 13.4 years; 2006 cohort:
MA = 13.1 years).9 The trend of decreasing MA was also
described in Brazil. An eight-month-earlier MA was reported
among individuals born in the 1920s and 1970s.10 A trend
study reported that menarche occurred 3.3 months earlier
in 2010 than in 2001.11 In another Brazilian study, menarche
occurred 19.4 months later in individuals born in 1930
(MA = 14.5 years) than in individuals born in 1980 (MA = 12.9
years).12 More recent studies have shown that this anticipa-
tion continues in the country, and MA under 12 years old has
already been registered in many Brazilian regions
(Figure 1).2,10,11,12,13

The objective of this study was to evaluate MA and its
association with nutritional status, ethnicity, and socioeco-
nomic status in a little-studied region of the Amazon, Man-
aus, capital of the state of Amazonas, northern Brazil, which
has an estimated population of 2,130,264 people. It ranks
23rd among the 27 Brazilian capitals according to the Human
Development Index (HDI). Most of the city’s population is
made up of mixed race (67.8%), followed by whites (26.6%),
blacks (4.2%), yellow (1.1%). Indigenous people correspond
to only 0.2% of the population.14

Methods

A cross-sectional study was carried out with 1,017 students
aged 6 to 17 from public and private schools in the urban
area of the city of Manaus. A probabilistic sample was strati-
fied by type of school and age of participants, monitoring
the distribution of students enrolled in public (75%) and
private (25%) schools. The sample size was calculated to
estimate the mean of a quantitative variable in a finite pop-
ulation, with a reliability coefficient of 95%. The sample size
required for this study was 1,010 participants. Considering
the possible losses of the study, the sample was overesti-
mated by almost 100%, totaling 2,016 students. One public
and one private school were drawn in each of the six geo-
graphic areas of the city of Manaus. This measure guaran-
teed the inclusion of participants from all areas of the city
and of different ethnicities and socioeconomic conditions.
Thus, the following were drawn: 1,512 students from public
schools and 504 students from private schools in 12 schools
(Supplementary Fig. 1). Data collection for the present study
was carried out from June to October 2018.

The inclusion criteria were students aged between 6 and
17 years old, attending public or private schools, who were
selected through a draw. Students with special needs that

Figure 1 Trend of Secular Menarche in Brazil.Source: Prepared by the Author.

ARTICLE IN PRESS
JID: JPED [mSP6P;April 4, 2024;1:15]

2

K.C. Oliveira, J.C. Neto, D.C. Aragon et al.



compromised anthropometry, pregnant teenagers, chronic
illnesses, or those using medications (present or past) that
could interfere with height, weight, and MA were excluded.

MA was determined using the status quo method. For
those who had already reached menarche, the age and date
(month and year) of the event were requested (recall
method). The socioeconomic level was estimated by proxy

through the type of school attended (public or private) and
the level of education of the head of the family, divided into
five categories: illiterate/incomplete elementary school I,
complete elementary school I/incomplete elementary
school II, complete elementary school II/incomplete high
school, complete high school/incomplete higher education,
and complete higher education. Race/skin color was
assessed in a self-declared manner by the participant and
guardian, in five categories: white, black, yellow, mixed
race, and indigenous. To minimize possible discrepancies
between current BMI and that at the time of menarche, a
subsample of adolescents whose menarche occurred in the
same year in which the study was carried out was analyzed.
Therefore, in the girls of this group, the evaluation BMI
occurred very close to the time of the menarche. Height
and weight measurements were used to calculate BMI
(BMI = Weight/Height2). BMI was assessed using the z-Score,
and its classification based on the World Health Organization
(WHO, 2007) criteria as thin (BMI z-score < �2), eutrophy
(BMI � z-score �2 and � z-score +1), overweight (BMI >
z-score +1 and � z-score +2), obese (BMI > z-score +2).
Weight was obtained using an AVANUTRI� GBF830 digital
electronic scale (capacity of 180 kg) and height using an
AVANUTRI� portable stadiometer (graduated to 200 cm). All
these parameters were obtained by a single well-trained
investigator (KCO) to minimize potential variability.

The age range was divided into one-year intervals. The
occurrence of menarche was computed using the status quo
method for each declared interval. Then, using a product
limit estimator (Kaplan-Meier), the age at which 50% of par-
ticipants had menarche was estimated, and the median MA
was calculated. The MA mean was also calculated using the
recall method, and a comparison was established between
both methods (recall and status quo). The differences
between the means were performed by fitting the linear
regression model. Simple and multiple Cox proportional haz-
ard models were used to calculate the crude and adjusted
(considering race and socioeconomic level as covariates)
hazard ratio, taking as a reference the category defined as
eutrophy between MA and the BMI categorized. The software
used was R 3.5.1, and a significance level of 5% was set for
all analyses.

This research was approved by the Human Research
Ethics Committee (CEP) of the State University of Amazonas,
under n° 2,680,868. Authorization was requested from the
Municipal and State Education Departments of Manaus and
participating schools. An informed consent form (ICF) was
required from those responsible, in addition to the assent
form for participants over 12 years of age.

Results

Of the 504 students from private schools and 1,512 students
from public schools (2,016 students), 176 students (private

schools) and 818 students (public schools) did not sign the
ICF. Five of the remaining 1,022 students were excluded
from the research because they used or had used medica-
tions that could affect growth or puberty. The final sample
was 1,017 girls, 691 students from public schools (68%) and
326 students from private schools (32%).

Menarche was reported by 559 (51.9%) of the partici-
pants. MA ranged from 8 to 16 years. The majority
(61.8%) reported menarche between 11 and 13 years old
(33.5% between 11 and 12 years old and 28.3% between
12 and 13 years old). Menarche occurred after the age of
14 in 5.1% and early menarche (MA < 10 years) in 3.2% of
participants, 0.5% of whom menstruated before the age
of 9. Using the status quo method, the median MA was
11.9 years. The mean MA using the recall method was
also 11.9 [1.8] years.
The median MA (status quo) in lean (12.7 years), normal
weight (12 years), overweight (11.6 years), and obese
(11.4 years) participants were described in Figure 2
(p < 0.01).

The mean MA (recall) according to racial, socioeconomic,
and nutritional categories is shown in Table 1. The authors
only found an association between MA and nutritional status
(p< 0.01) (Table 1). In the subgroup of girls whose menarche
occurred in the same year in which the study was carried out
(n = 70), implying that their BMI was measured closer to
menarche, the mean [SD] MA in girls with obesity was 11.48
[0.67], overweight 11.62 [0.82], normal weight 12.01
[0.86].

In the present study, the prevalence of overweight was
17.4%, and obesity was 8.1% in the entire sample at the time
of the study. The average median adult height at age 17 years
was 159.7 cm.

In the Cox model, adjusted for age, the crude hazard
ratio (95% CI) in obesity was 2.05 (1.49, 2.81), overweight
1.59 (1.28, 1.97), and in thinness 0.41 (0.10, 1.68). After
adjusting for race and socioeconomic level as covariates,
the hazard ratio (95% CI) in obesity was 2.17 (1.55, 3.03),
overweight 1.66 (1.32, 2.08), and thinness 0.9 (0.09,
1.61).

The authors analyzed how MA affected adult height in a
subgroup of 341 participants who had menarche two or more
years ago and were likely to have reached or approached
their adult height. The authors observed that using the
12-year-old MA as a cutoff point, height was different
between those with an MA less than or equal to 12 and those
greater than 12 (157.9 cm vs. 159.4 cm, respectively;
p = 0.01) (Figure 3). However, when the authors used the 10-
year MA as a cutoff point, no difference in adult height was
observed between the participants (158.9 cm vs 158.6 cm,
respectively; p = 0.05).

Discussion

The authors assessed MA and how it relates to nutritional
status and adult height in girls born in the first decade of the
2000s in Manaus, the largest city of the Brazilian Amazon
region. The mean and median MA was 11.9 years. MA was
associated with BMI, not race, ethnicity, or socioeconomic
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level. Obese participants menstruated about 0.6 years (7
months) earlier than normal-weight participants and
1.3 years (16 months) earlier than lean participants. The
associations between MA and nutritional status showed that

overweight and obesity are risk factors for the occurrence of
menarche.

The MA reported in this study is consistent with other
Brazilian studies carried out in recent decades. An MA of

Table 1 Distribution of the average age at menarche according to sociodemographic data and nutritional status of girls aged 6 to

17 years, Manaus, Brazil 2018.

Characteristics Number of

participants

Mean age at menarche

(years) [SD]

(95%) CI p-value

Race/Skin color

White 110 12.0 [1.2] (11,76; 12,21)

Black 13 12.1 [1.3] (11,38; 12,91)

Mixed race 426 11.8 [1.2] (11,74; 11,96) 0.64

Yellow / Asian 7 11.9 [1.6] (10,35; 13,39)

Indigenous 3 11.4 [0.4] (10,28; 12,46)

Education of the head of the family

Illiterate /Incomplete Elementary I 21 11.6 [1.2] (11,05; 12,15)

Complete Elementary I /Incomplete Elementary II 40 11.7 [1.0] (11,37; 12,06)

Complete Elementary II /Incomplete High school 59 11.9 [1.4] (11,56; 12,32) 0.23

Complete High School /Incomplete Higher 209 11.8 [1.1] (11,63; 11,93)

Complete Higher Education 171 12.0 [1.1] (11,84; 12,17)

School Administration

Public 402 11.9 [1.18] (11,78; 12,01)

Private 157 11.8 [1.16] (11,66; 12,03) 0.65

Nutritional status

Thinness 16 12.8 [1.04] (12,26; 13,37)

Eutrophic 389 12.0 [1.15] (11,90; 12,13)

Overweight 110 11.5 [1.11] (11,29; 11,71) < 0.01

Obesity 44 11.3 [1.04] (10,96; 11,59)

Figure 2 Median age at onset of menarche according to nutritional status of girls aged 6 to 17 years in Manaus, AM.
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11.7 years was reported in Brazil in 2019;15 Another study
showed 11.5 years in Rondônia13 and 11.7 years in Minas Ger-
ais.2 MA trend data in Brazil show a decline in all regions
over the decades: In Rio de Janeiro, MA decreased from
13.07 to 12.40 years between 1920 and 1979, representing
an anticipation of 1.3 months per decade.10 In S~ao Paulo, for
those born between 1980 and 2000, there was a reduction of
3.3 months.11 Finally, in the Northern state of Par�a, the
same region where the present study was performed, MA
decreased from 14.4 years to 12.9 years among those born in
the 1930s and 1980s.12

The increasing global prevalence of obesity raises ques-
tions about the extent to which excessive weight may influ-
ence MA. Recent studies indicate a relationship between
early puberty in girls and increased BMI.11,13,15�17 It has
been widely reinforced that improved health and nutrition
were responsible for most of this decline in MA.3 Although
the question of whether early puberty is a cause or result of
increased body fat has not been resolved, longitudinal stud-
ies suggested that increased body fat, or BMI, predicts the
early onset of puberty.8,18,19 North American data demon-
strated that MA decreased between the 1960s and 1990s,
from 12.7 to 12.5 years. In the same interval, the percent-
age of individuals aged between 10 and 15 years who are
overweight increased from 16% to 27% in that population.6 In
China, there was a decrease in MA from 15.7 years in 1950 to
12.5 years in 2010. That country observed a decline in the
MA of 4.5 months per decade in the last 25 years and an
inverse association with BMI.16,20

The data on MA and the association between MA and BMI
is comparable with other Latin American countries. In indig-
enous people of Argentina, MA was 11.6 years in the last
decade.21 In the same country, MA was lower in overweight
girls (11.5 years) than in normal-weight girls (12.1 years).22

In Bolivia, at the beginning of this century, MA in the rural
population was 12.9 years, and the prevalence of overweight
in women was 35%.23 In Colombia, among those born in the
1990s and 2000s, MA was 12.6 years, and an estimated
decline of 0.5 years/decade. BMI, maternal education, and

family wealth were inversely associated with MA.24 In Chile,
in the first decade of this century, MA was 11.9 years, and
47% were overweight or obese.25

In Brazil, in the southwestern region of the Brazilian Ama-
zon, the risk of menarche for each kg of fat was 1.04 times
greater, and for each kg of muscle, it was 1.17 times
greater.17 The same authors reported an MA of 11.5 years
and a prevalence of overweight of 28.1% in the region.13 The
association between excess weight and earlier MA was dem-
onstrated; between 2001 and 2010, MA occurred approxi-
mately 3.2 months earlier. This decrease was greater in the
group of overweight girls (5.8 months) than in those with
normal and lean weight (1.4 months). In the same period,
the prevalence of obesity increased from 4.5% in 2001 to
10% in 2010. The anticipation of menarche also occurred in
the group of eutrophic women, indicating that other factors,
in addition to excess weight, were contributing to this antic-
ipation.11 A study with two birth cohorts in southern Brazil
(1982 and 1993) demonstrated that the prevalence of men-
arche before the age of 11 was 24.7% (1982) and 27.6%
(1993). Menarche before age 11 was positively associated
with adiposity in adolescence and adulthood. However, after
adjusting for BMI at age 11, the association between MA and
body composition in adulthood was strongly related to body
composition in late childhood.26

Overweight adolescents presented menarche earlier
(11.3 years) than the Brazilian average (11.7 years). Indi-
viduals from Brazil’s South and Southeast regions had MA
earlier than other regions, 11.7 years. Interestingly, these
two regions include the five wealthiest states and the
highest rates of overweight and obesity in Brazil.15 These
data agree with this study, where excess weight was asso-
ciated with earlier MA in all races and social classes. In
the present study, the authors also demonstrated the
inverse association between MA and BMI when analyzing
only girls whose menarche occurred in the same year.
Also, in this sub-sample analysis, MA was lower among
those who were overweight and higher among those who
were normal weight or thin.

Figure 3 Near adult height in relation to the age at menarche in girls from Manaus, AM � Brazil (n = 341).
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A previous study showed a tendency for MA to be earlier
in black girls and more advanced in indigenous girls.15

However, the data did not confirm that finding. The authors
did not observe differences in the MA between white and
non-white girls. It is important to note that, although
located in the Amazon region, the number of Indigenous
girls was very low in this study. This distribution was in
accordance with populational data showing that in the
urban area of Manaus, Indigenous people account for less
than 0.5% of the population.

A positive relationship between earlier MA and a
higher socioeconomic level has been described by some
authors.15,27,28 In the present study, assessing socioeco-
nomic level through the level of education of the head of
the family and the type of school attended, the authors
did not find any association between MA and the socio-
economic level of the family, although girls with a head
of the family with higher education presented later MA
(12.0 years) than those with an illiterate head of the
family (11.6 years). In line, MA was slightly lower in girls
from private schools (11.8 years) than in public schools
(11.9 years).

In the clinical scenario, the patient’s parents fre-
quently worry that a normal but early puberty results in
lower adult height. The authors addressed this question
in the present study by comparing the near-adult height
in the group presenting menarche before and after
12 years. The authors observed that girls with menarche
before 12 years presented a slight but significant lower
adult height. Of note, this difference in height was only
1.5 cm.

Earlier MA has been associated with an increased risk
of insulin resistance, type 2 diabetes mellitus, and car-
diovascular disease in adulthood.29,30 Considering that
obesity is identified as one of the most critical factors
for the anticipation of MA, it is reasonable to assume
that preventing obesity could reduce the risk of these
diseases in adult life.

A limitation of the present study is the cross-sectional
nature of the data. Therefore, it is impossible to establish a
causal relationship between the socioeconomic factors stud-
ied and MA. On the other hand, the ethnic, racial, and socio-
economic diversity of the sample and the pioneering nature
of the data stand out.

MA is an important parameter of pubertal development
that can reflect socioeconomic and nutritional changes in a
population. The anticipation of this event, which has been
described over several decades in Brazil and around the
world, has been attributed, in large part, to the increasing
prevalence of obesity in childhood and adolescence. Earlier
MA is associated with a higher risk of cardiovascular and
metabolic diseases in adulthood.

In summary, in the state of Amazonas, where MA and its
association with socioeconomic and nutritional factors were
previously unknown, this study showed that, regardless of
socioeconomic status or ethnicity, excess weight was associ-
ated with earlier menarche. Presenting this data can help
public policies combat modifiable risk factors, such as being
overweight. Furthermore, helping to compose the panorama
of MA in this country of continental dimensions and exten-
sive ethnic, cultural, and socioeconomic diversity that is
Brazil.
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ticas �Etnico-raciais da Populaç~ao - um estudo das categorias de
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