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Association of early menarche with elevated BMI, 
lower body height and relative leg length among  
14- to 16-year-old post-menarcheal girls from 

a Maya community in Yucatan, Mexico

Sudip Datta Banik

AbstrAct: Human body segments have different timing and tempo of growth. Early menarche (EM) as an 
indicator of early reproductive maturity results in a shortened height and leg length. Relatively larger trunk 
may increase risk for more body fat deposit and higher body mass index (BMI) due to the allometry of total 
body fat with body proportions. The objective of the study was to assess the association of EM with BMI, ab-
solute body size [height, sitting height (SH), subischial leg length (SLL)] and relative body dimensions [sitting 
height to subischial leg length ratio (SHSLLR), relative subischial leg length (RSLL)] among 14- to 16-year-
old post-menarcheal girls from a rural Maya community in Quintana Roo, Yucatan, Mexico. In a cross-sec-
tional study, post-menarcheal girls (n=51) aged 14 to 16 years had EM (n=22) (<12 years of age) and not 
early menarche (NEM, n=29). Anthropometric measurements of height, weight, and SH were recorded. 
Derived variables were BMI, height and BMI-for-age z-scores, SLL, SHSLLR, and RSLL. Mean value of age at 
menarche (AM) was 13 years (EM 11 years, NEM 14 years). Mean values of height (EM 159 cm, NEM 164 
cm), BMI (EM 20 kg/m2, NEM 19 kg/m2), sitting height (EM 81 cm, NEM 78 cm), SLL (EM 79 cm, NEM 
85 cm), SHSLLR (EM 102.93%, NEM 92.03%), and RSLL (EM 49%, NEM 52%) were different (p<0.05) in 
the two groups. BMI showed significant negative correlation with AM (Pearson’s r=-0.29, p<0.04). Linear 
regression models adjusted for age showed that EM had different interrelationships (p<0.05) with body 
dimensions: positive with BMI, SH, SHSLLR, and negative with height, SLL, and RSLL. Earlier AM was 
associated with higher BMI, SH, SHSLLR and lower SLL, RSLL, explaining lower body height and leg length 
among the participant EM girls. In the light of life history theory, EM results in a growth trade-off, short 
stature and larger trunk relative to leg length that might enhance risk for body fat gain. 
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Introduction

Early menarche (EM), defined by at least 
one menstruation before the twelfth birth-
day of a girl (Arcoverde et al. 2020; Must 
et al. 2005) is reported to be associated 
with lower body height in comparison 
with peers of not early menarche (NEM) 
when socioeconomic and other environ-
mental factors remain constant in both 
groups (Conway et al. 2012; Kang et al. 
2019). A previous study also reported the 
association of EM with early age at peak 
height velocity and low leg length-to-sit-
ting height ratio (Conway et al. 2012). 
EM acts as a  risk factor for developing 
overweight and obesity in adolescence 
and adulthood (Martínez et al. 2010; Ros-
enfield et al. 2009). Several studies have 
examined issues regarding menarche and 
adiposity: Brazil (Arcoverde et al. 2020), 
Iran (Pejhan et al. 2013), Korea (Oh et al. 
2012), Kuwait (Al-Awadhi et al. 2013), 
Mexico (Datta Banik et al. 2015), Spain 
(Labayen et al. 2009), and the USA (Adair 
and Gordon-Larsen 2001). However, it 
is not clear from the literature review 
whether obesity and higher body fat are 
the responsible factors for EM or earlier 
age at menarche (AM) plays an impor-
tant role in the development of body fat 
and other health risks like cardiovascular 
diseases and even cancer in adulthood 
(Datta Banik and Dickinson 2014, 2016; 
Méndez-Domínguez 2011). 

Data on menarche and physical 
growth in girls are reported from the 
northeastern states of Mexico (Mén-
dez-Estrada et al. 2006) and other regions 
like Oaxaca (Malina et al. 2004) and Yu-
catan (Méndez-Domínguez 2011). How-
ever, reports on the association of EM 
with differential growth patterns of height 
and relative body dimensions (leg length 
and trunk length relative to height) are 

not available. AM has been reported to be 
associated with household socioeconom-
ic factors, mother’s and grandmother’s 
childhood living conditions in Yucatan, 
Mexico (Azcorra et al. 2018; Datta Ban-
ik and Dickinson 2016). Poor household 
socioeconomic status and living condi-
tions of the Maya community in Yucatan 
are important factors that are responsible 
for poor nutrition and physical growth of 
children (Azcorra et al. 2016, 2018). 

Life history theory integrated with 
a biocultural approach indicated that early 
reproductive maturity results in a growth 
trade-off and short stature in a  sample 
of adult women in the U.S. (Rivara and 
Madrigal 2019). Leg length and other 
body dimensions relative to height among 
individuals are used as proxy of early life 
environmental conditions that influence 
physical growth in children (Bogin 2012; 
Bogin and Varela-Silva 2010). Shorter 
relative subischial leg length (RSLL) is 
a marker that indicates negative impacts 
of adverse environmental conditions on 
physical growth in early childhood; in-
fection, disease burden, poor nutrition, 
and chronic energy deficiency may result 
in growth trade-off with respect to abso-
lute size and relative body dimensions 
(Bogin and Varela-Silva 2010). Lower leg 
length (knee height) showed earlier age at 
maximum increment compared to stand-
ing height and, thereby, indicated earlier 
maturity among boys and girls from Me-
rida, Mexico (Datta Banik et al. 2017) 
that was explained by the facts of differ-
ential growth and maturity patterns of 
different body dimensions (Bogin 2021). 
In such a  condition, risk for body fat 
gain is caused by larger trunk relative to 
leg length due to earlier onset of puber-
ty. In addition, early puberty is reported 
to be associated with psychosocial stress 
developed due to poor household socio-
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economic status, absence of father, etc. 
(Braithwaite et al. 2009; Deardorff et al. 
2011, 2014; Henrichs et al. 2014; Step-
pan et al. 2019; Sun et al. 2017; Webster 
et al. 2014). Studies also reported that 
growth failure and delayed maturation 
may occur due to persistent nutritional 
stress, particularly in small-scale societies 
(McIntyre and Kacerosky 2011); however, 
growth rate increases and menarche oc-
curs earlier if energy supply elevates that 
might lead to growth trade-off, shortened 
height, and higher body fatness (McIntyre 
and Kacerosky 2011; Wells 2018). Studies 
from Yucatan showed an association be-
tween better living conditions and higher 
body fat with earlier AM (Azcorra et al. 
2018; Méndez-Domínguez 2011).

Association between higher BMI and 
body fat with lower relative leg length has 
been reported from the USA (Bogin and 
Varela-Silva 2008) and India (Datta Banik 
2022). In the present study, I was interest-
ed to test the hypothesis in a new sample 
from another non-European and low-to-
middle-income country (Mexico), which 
was higher BMI associated with lower 
RSLL, especially among girls with EM. 
The objective of the present study was 
to find an association of EM with BMI, 
absolute body size [height, sitting height 
(SH), subischial leg length (SLL)] and rel-
ative body dimensions [sitting height to 
subischial leg length ratio (SHSLLR), rel-
ative subischial leg length (RSLL)] among 
14- to 16-year-old post-menarcheal girls 
from a rural Maya community in Quin-
tana Roo, Yucatan, Mexico.

Participants and methods

A  cross-sectional study was carried out 
in 2019 at Quintana Roo, a rural Maya 
community in Yucatan, Mexico. The 
present report is descriptive in nature. 

Participants were 14- to 16-year-old girls. 
The study was approved by the bioeth-
ics committee of the Centre for Research 
and Advanced Studies (Cinvestav-IPN); 
the parents / caregivers and two witness-
es from the community signed the con-
sent form as per guideline of the commit-
tee and the participants gave their verbal 
consent before the commencement of 
the study. 

According to the official records, 
the population size of the communi-
ty in Quintana Roo (942 individuals in 
2010) was the smallest among the 106 
municipalities covering rural and urban 
areas of Yucatan (INEGI 2011). The 
population may be declining, as a recent 
household survey carried out in 2018–19 
(López-Moreno 2021) recorded 780 indi-
viduals (385 males, 395 females) living 
in the community. However, individuals 
of the community who lived in the near-
est cities and abroad for work were not 
counted in that survey. 

Selection criteria for the participants 
in the present study were: 14 to 16 years 
old girls with post-menarcheal status, 
without any reported physical and men-
tal health burden, residents of Quintana 
Roo municipality since birth, and both 
parents had at least one surname of 
Maya origin. Previous studies in Yucatan 
reported very few girls above 14 years 
of age had premenarcheal status (Datta 
Banik and Dickinson 2014). 

A household sociodemographic survey 
recorded menarcheal status and 65 girls 
in this age group (14 to 16 years) reported 
age at menarche that was confirmed by 
their mothers and grandmothers. Early 
menarche (EM) was defined as menarche 
before the 12th birthday (Must et al. 2005); 
25 girls of the present study had EM. Oth-
er participant girls (n=40) had menarche 
after 12 years of age (not early menarche or 
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NEM). Only two girls were non-menstru-
ating in the age group, and they were not 
included in the study. Sampling was prob-
abilistic; sample size (EM=21, NEM=29) 
was estimated separately from the two 
sub-populations (EM=25, NEM=40) 
with 10% margin of error at 95% confi-
dence level, and participants were selected 
at random from the list of individuals in 
each group. One EM girl in the communi-
ty wished to participate in the survey and 
the final sample (n=51) of the present 
study included 22 EM and 29 NEM girls. 

In Mexico, people use both paternal 
and maternal surnames. Maya surname 
was used as a  proxy of genetic back-
ground of the population and to repre-
sent Maya ancestry (Vázquez-Vázquez et 
al. 2013); surnames were identified by an 
expert (see Acknowledgements). The par-
ents of the girls had at least one surname 
of Maya origin and therefore, Maya an-
cestry of the participants was considered. 
Data of household characteristics (hous-
ing pattern, education, and occupation) 
were collected. 

Anthropometric measurements were 
recorded following standard protocol 
(Lohman et al. 1988). Height (cm) and 
sitting height (SH in cm) were meas-
ured to the nearest 0.1 centimeter us-
ing a  standard stadiometer with plat-
form (Seca, Germany). Stadiometer and 
a  standard anthropometric box [40 cm 
(tall) × 50 cm (wide) × 30 cm deep] 
were used to measure SH. Body weight 
was measured to the nearest 0.1 kg using 
a digital scale (Tanita Corp., Japan). Sub-
ischial leg length (SLL) was obtained from 
the difference between stature and sitting 
height. Other derived variables were body 
mass index (BMI, kg/m2), relative sit-
ting height to subischial leg length ratio 
(SHSLLR) (SH/SLL  x  100), and relative 
subischial leg length ratio (RSLL) (SLL/

height×100). Height-for-age and BMI-
for-age Z-scores were calculated (de Onis 
et al. 2007; WHO 2007). All measure-
ments were recorded on household visits 
by a single researcher (the author) and in-
tra-observer technical error of measure-
ment was within acceptable limits (Uli-
jaszek and Kerr 1999). An adult woman 
from the community or caregiver/mother 
was present when anthropometric meas-
urements were being recorded from the 
participants. No girls were menstruating 
at the time of recording anthropometric 
measurements.

SPSS statistical software (version 
15.00) was used for data analysis and 
descriptive characteristics of the sam-
ple for age and anthropometric variables 
(mean values and standard deviation) 
were calculated; significant differences 
of mean values of parameters between 
EM and NEM girls were estimated us-
ing Student’s t-test. Linear regression 
models predicting height, BMI, SH, SLL, 
SHSLLR, and RSLL were developed to ex-
plain the interrelationships between EM 
and the dependent variables, after adjust-
ing for age. The level of statistical signif-
icance was set at p<0.05 in all analyses. 

Results

Household socioeconomic characteris-
tics of the participant girls were similar; 
land ownership (100%), housing pattern 
(construction, number of rooms, toilet, 
kitchen), water connection and electricity 
(100%), parents’ education (majority had 
school education) and occupation (daily 
wage laborer and small-scale cultivators 
in different government programs), civ-
il status (84% of mothers were married 
and others were either unmarried or di-
vorced), and average monthly per cap-
ita income ($90 US). Mean age (± SD) 
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of the girls was 15.06 years that did 
not vary significantly (p>0.05) between 
EM (14.84 years) and NEM girls (15.22 
years); t and p-values referred to the dif-
ferences between EM and NEM groups 

(Table 1). Mean value of age at menarche 
(AM) of the participant girls was 12.91 
years; significant difference (p<0.05) of 
AM was found in EM (11.03 years) and 
NEM (14.33 years) girls.

Table 1. Descriptive statistics of age, age at menarche, and anthropometric characteristics of post-menar-
cheal girls (n=51)

Variables All (n=51)
Mean (SD)

EM (n=22)
Mean (SD)

NEM (n=29)
Mean (SD) t p-value

Age (years) 15.06 (1.52) 14.84 (1.64) 15.22 (1.42) -0.90 0.37

AM (years) 12.91 (2.01) 11.03 (0.76) 14.33 (1.39) -10.02 <0.0001

Height (cm) 161.87 (7.38) 159.32 (7.29) 163.80 (6.95) -2.24 0.03

Weight (kg) 50.62 (7.26) 50.95 (8.54) 50.36 (6.25) 0.28 0.78

BMI (kg/m2) 19.28 (2.19) 20.00 (2.61) 18.73 (1.66) 2.10 0.04

Sitting height (cm) 79.42 (3.42) 80.67 (3.45) 78.47 (3.13) 2.38 0.02

SLL (cm) 82.45 (5.78) 78.65 (5.40) 85.33 (4.23) -4.96 <0.0001

SHSLLR (%) 96.74 (7.31) 102.93 (6.90) 92.03 (2.56) 7.84 <0.0001

RSLL (%) 50.90 (1.84) 49.33 (1.68) 52.08 (0.73) -7.93 <0.0001

EM: Early menarche; NEM: Not early menarche; SD: Standard deviation; AM: Age at menarche; BMI: 
Body mass index; SLL: Subischial leg length; SHSLLR: Sitting height to subischial leg length ratio; RSLL: 
Relative subischial leg length; t and p-values refer to the differences between EM and NEM groups.

Anthropometric parameters had 
shown significant differences (p<0.05) of 
mean values between EM and NEM girls, 
except body weight. The NEM girls were 
taller, had longer subischial leg length 
(SLL) and relative to height (RSLL), lower 
BMI, sitting height, and sitting height to 
subischial leg length ratio (SHSLLR), in 
comparison with the corresponding char-
acteristics among EM peers (Table  1). 
Only one EM girl had height-for-age 
Z-score below -2.0 SD; other girls (n=50) 
were not stunted (low height-for-age). No 
girl had low or high BMI that could have 
been attributed as suffering from either 
undernutrition or having excess weight 
(overweight and obesity), respectively. 
Significant correlation (p<0.001) was 
observed between AM and anthropomet-
ric characteristics (BMI r = -0.30, SH 

r = -0.67, SHR r = -0.62, SLL r = 0.42, 
RSLL r = 0.62, and SHSLLR r = -0.61). 

These results (not presented in ta-
bles) raised my interest to further ex-
plore the interrelationships between EM 
and anthropometric characteristics (ab-
solute body size and relative to height). 
Linear regression models were used to 
find the interrelationships between EM 
(yes=1, no=0) and anthropometric char-
acteristics (SH, SHR, SLL, SHSLLR, and 
RSLL), after adjustment for age among 
girls (Table  2). Parameter estimates of 
the response variable within 95% confi-
dence interval for the coefficient showed 
significant interrelationships between 
variables that was estimated by ANO-
VA (p<0.05). The regression models 
accounted for >60% of total variability 
explained by adjusted R2. EM was found 
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to be significantly related to the depend-
ent variables (height, BMI, SH, SLL, 
SHSLLR, and RSLL) separately, after 
adjusting for age among girls (p<0.05). 
Interrelationships between EM and an-
thropometric parameters were different; 
regression coefficients were negative with 
height, SLL, RSLL, and positive with 
BMI, SH, SHSLLR. It was observed that 
EM girls had a  risk for having 4.09  cm 
lower height, 1.37 kg/m2 higher BMI, 
2.32 cm higher trunk size (SH), 6.41 cm 
lower SLL, 10.71% higher SHSLLR, 
and 2.7% lower RSLL than NEM peers, 

holding age as another predictor in the 
model constant. In the normality tests 
(Shapiro-Wilk tests), distribution of the 
residuals was normal (p>0.05) and that 
showed no patterns. Relatively high tol-
erance (>0.97) and low variance infla-
tion factor (<1.02) indicated no multi-
collinearity among predictors. 

Discussion

The results of the present study among 
14- to 16-year-old post-menarcheal girls 
from a  Maya community in rural Yu-

Table 2. Regression models to establish interrelationships between early menarche (EM) and body dimen-
sions among post-menarcheal girls (n=51)

Dependent 
variable Predictors B SEE t p-value

95% Confidence  
Interval for B

Lower Upper 

Model 1: 
Height (cm)

Constant 148.36 10.09 14.70 <0.001 128.07 168.66

Age (years) 1.01 0.66 1.54 0.13 -0.31 2.34

EM -4.09 2.00 -2.05 <0.05 -8.11 -0.08

Model 2: 
BMI (kg/m2)

Constant 14.46 3.03 4.77 0.00 8.37 20.55

Age (years) 0.28 0.20 1.42 0.16 -0.12 0.68

EM 1.37 0.60 2.29 0.03 0.17 2.58

Model 3:
SH (cm)

Constant 73.85 4.72 15.64 <0.001 64.36 83.35

Age (years) 0.30 0.31 0.99 0.33 -0.32 0.92

EM 2.32 0.93 2.48 0.02 0.44 4.19

Model 4: 
SLL (cm)

Constant 74.51 6.76 11.02 <0.001 60.92 88.10

Age (years) 0.71 0.44 1.61 0.11 -0.17 1.60

EM -6.41 1.34 -4.80 <0.0001 -9.10 -3.72

Model 6:
SHSLLR (%)

Constant 99.47 7.08 14.05 0.00 85.24 113.71

Age (years) -0.49 0.46 -1.06 0.29 -1.42 0.44

EM 10.71 1.40 7.65 <0.0001 7.90 13.52

Model 5:
RSLL (%)

Constant 50.16 1.77 28.42 0.00 46.61 53.71

Age (years) 0.13 0.11 1.10 0.28 -0.11 0.36

EM -2.70 0.35 -7.75 <0.0001 -3.40 -2.00

SH: Sitting height; EM: Early menarche (EM=1, Not early menarche=0); B: Regression coefficient; SEE: 
Standard error of estimate; SLL: Subischial leg length; SHSLLR: Sitting height to subischial leg length 
ratio (%); RSLL: Relative subischial leg length (%).



Early menarche and BMI, body height and relative leg length 91

catan, Mexico, showed significant inter-
relationships between EM and growth 
of body dimensions in terms of their ab-
solute size and relative to height. It was 
observed that a relatively larger trunk (sit-
ting height), and its relative size (SHSLLR) 
resulted in shorter leg length (SLL), its 
relative estimate (RSLL), and higher BMI 
among EM girls in comparison with NEM 
peers. The results from a rural communi-
ty of a non-European and low-to-middle-
income country (Mexico) further support 
the hypothesis that higher BMI is asso-
ciated with lower RSLL (Bogin and Vare-
la-Silva 2008, 2010).

Age at menarche (AM) as an indicator 
of sexual maturity was reported to be as-
sociated with physical growth, body fat-
ness and health among girls during ado-
lescence and physical and mental health 
in adulthood (Méndez-Domínguez 
2011). A  trend of decline in AM in the 
previous decades has been observed 
in different countries (Demerath et al. 
2004; McDowell et al. 2007; Gomula 
and Koziel 2018). In Yucatan, Mexico, 
mean values of AM among girls (12.09 
years in Merida City and 12.24 years in 
the municipality of Progreso) were lower 
than their mothers’ AM (12.66 years and 
12.41 years, respectively) (Wolanski et al. 
1994). Other studies in Merida, Yucatan 
reported lower mean AM (11.83 years, 
Datta Banik et al. 2015, 11.21 years, 
Datta Banik and Dickinson 2016, 11.57 
years, Datta Banik et al. 2020). Decline 
of AM over decades in some other Lat-
in American countries was also reported 
from Colombia (Chavarro et al. 2004; Ire-
ton et al. 2011) and Chile (Codner et al. 
2004; Hernández et al. 2007). However, 
the participant girls (n=51) in the pres-
ent study had a  mean age at menarche 
of 12.91 years that was higher than that 
reported earlier from the Merida City, 

Yucatan. The result needs verification in 
future studies with a larger sample size. 

Secular trend of height and improve-
ment of leg length in terms of relative 
increase of knee height (lower leg length) 
among daughters of women represent-
ing the Maya community in Yucatan 
explained intergenerational influences, 
rural to urban migration, and substantial 
improvement in their living conditions 
(Azcorra et al. 2015). Maternal short stat-
ure has been reported to be associated with 
higher body fat in Maya children in Meri-
da, Yucatan (Azcorra et al. 2016). Higher 
body fat has been found to be positively 
correlated with EM in girls from Merida, 
Yucatan (Datta Banik et al. 2015).

AM as a  maturity indicator among 
girls depends on the environmental 
factors as well as genetic predisposi-
tion (Mukherjee and Datta Banik 2009; 
Morris et al. 2010, 2011). A  study in 
Yucatan showed better living conditions 
experienced by mothers and adult daugh-
ters during their childhood lowered AM 
(Azcorra et al. 2018). Therefore, consist-
ent with life history theory and intergen-
erational influences, maternal biologi-
cal capital (short stature, body fat) may 
transmit characteristics to the offspring 
that influence child growth and devel-
opment like early maturity in girls, as 
well as higher levels of body fat and short 
stature (Wells 2018; Wells et al. 2019). In 
the present study, EM as a maturity in-
dicator, probably caused by several envi-
ronmental factors including maternal life 
history trade-off, was found to be associ-
ated with growth trade-off of leg length. 
However, data on maternal anthropo-
metric characteristics were not available, 
which was a limitation of the study. On 
the other hand, NEM girls with relative-
ly slower maturation had more time for 
growth of leg length, its absolute size and 
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relative to stature and trunk that might 
have lowered the risk of body fat gain as 
indicated by lower BMI in the present 
study.

Differential growth patterns of body 
dimensions (absolute size and relative to 
height) in children and adolescents are 
responsive to environmental conditions 
including nutrition and diet, disease, and 
household psychosocial and economic 
factors. Leg length and its relative size to 
trunk (sitting height) and stature (stand-
ing height) are the markers of quality of 
early life living conditions and probable 
epigenetic effects that determine physical 
growth and increased risk of body fatness. 
Developmental plasticity (Bateson et al. 
2004) shaped by natural selection is one 
of the adaptive strategies in response to 
unfavorable environmental conditions, 
chronic diseases, and higher energy ex-
penditure for recovery, leads to a conse-
quential growth trade-off and results in 
smaller absolute size and relative body 
dimensions. Fetal origins of developmen-
tal plasticity, mother to offspring ener-
gy pathways and metabolic adjustment 
explain how early life environmental 
conditions and maternal capital (biolog-
ical, social, material) can influence child 
growth, nutrition, and development (Ku-
zawa 2005; Wells 2010). The adaptive 
model of developmental plasticity is ex-
plained as developmental adjustment in 
response to maternal nutritional deficits 
in its prenatal life. The Developmental 
Origins of Health and Disease (DOHaD) 
hypothesis also supports the phenome-
non of influences of early life nutrition 
and growth that shape adult phenotype 
(Barker 2004, 2007). The adaptive model 
of developmental plasticity explained the 
adjustment of phenotype in utero, in an-
ticipation of postnatal life environmen-
tal constraints; however, reports stated 

that adaptive models did not emphasize 
maternal phenotype as the initial sourc-
es and information received by the off-
spring (Wells 2010, 2012, 2017, 2018). 
In light of the thrifty phenotype hypoth-
esis, it can be explained that influences 
of adverse early life experience include 
shortened final body size and relative 
leg length (relative subsichial leg length 
or RSLL) – a relatively larger trunk may 
result in central obesity and more body 
fat deposit and their association with en-
hanced risk for non-communicable dis-
eases in adulthood and “maternal capi-
tal” plays an important role (Hales and 
Barker 1992; Wells 2011). 

Neonates smaller at birth undergo 
catch-up growth with faster increment in 
size and enhanced risk for body fat gain in 
late pre-school age (Ong et al. 2000) that 
may have negative consequences includ-
ing early puberty, maturity, and shorter 
stature, compared to their peers who 
were larger neonates. A child born with 
suboptimum energy resources will face 
risk of growth failure, particularly in low- 
and middle-income countries (Mertens 
et al. 2020; Roth et al. 2017). However, 
higher input of energy, later in childhood 
and adolescence due to unhealthy food 
habits of consumption of processed and 
ultra-processed foods and sugary drinks 
and low physical activity may cause ex-
cess weight and body fat gain (metabolic 
loads) (Torres-Arroyo 2018) that might 
be associated with earlier onset of matu-
rity and consequent shortened final body 
size, and relative leg length and elevat-
ed risk for the development of NCDs in 
adulthood (Méndez-Domínguez 2011). 
Coexistence of short stature and excess 
weight (overweight and obesity) in terms 
of nutritional dual burden is common 
in Yucatan population (Varela-Silva et 
al. 2012). Along with, consumption of 
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non-essential energy-dense, industrially 
processed and ultra-processed foods and 
drinks are very high in Mexican popula-
tions (Bogin et al. 2014; Illescas-Zárate 
et al. 2021; López-Moreno 2021; Mendo-
za et al. 2017) 

Life history strategies determine phys-
ical growth, development, sexual matu-
rity, reproductive fitness, and survival 
(Rivara and Madrigal 2019). A mismatch 
between available energy and limited ca-
pacity to access may result in trade-offs 
that can be interpreted by a  biocultur-
al approach of evolutionary life history 
theory (McDade 2003). Sexual maturity 
in adolescence determines reproductive 
health and success in the life of women; 
proximate and ultimate causes and con-
sequences of EM (Gillette and Folinsbee 
2012) may have negative impacts on fe-
cundity, quality, and quantity of offspring 
that can be analyzed in an evolutionary 
framework (Rivara and Madrigal 2019). 
EM as an indicator of early sexual matu-
rity and its association with short stature 
and lower relative subischial leg length 
(RSLL) can also be explained in terms of 
evolutionary mechanisms of life history 
trade-off and intergenerational transmis-
sion of maternal capital, both in utero 
and postnatal. In this regard, Social-Eco-
nomic-Political-Emotional (SEPE) ine-
qualities and insecurities are important 
factors for growth failure in children 
(Bogin and Varea 2020; Scheffler et al. 
2019). A  life course, intergeneration-
al model of SEPE factors (stressors) are 
viewed in human ecological perspectives 
of biology and behaviour, child growth, 
development, and health. In a  litera-
ture review, Wells (2018) hypothesized 
that in an intergenerational perspective 
on developmental plasticity, life history 
trade-offs in the maternal generation fa-
vor the emergence of similar trade-offs 

in the offspring generation. Allocation of 
relatively higher energy to growth during 
pregnancy and lactation promotes the 
development of capacity in offspring for 
greater fat-free mass and metabolic turn-
over in life, adult size, and reduced risk 
for NCDs (Wells et al. 2016). 

Intergenerational transmission of 
maternal life history trade-offs was ex-
plained in a study from the United King-
dom that showed mothers with earlier 
menarche were obese, short in height, 
and their daughters also had faster in-
fant growth, EM, shorter final size and 
also gained fat in adolescence (Ong et al. 
2007). EM causes earlier maturation of 
leg length and therefore, results in short 
stature and RSLL (Conway et al. 2012). 
Association of EM with higher BMI, obe-
sity, and body fatness was also reported 
from the USA. (Adair and Gordon-Larsen 
2001). Household socioeconomic status 
and lifestyle habits have been correlated 
with the development of an obesogenic 
environment and EM in girls, as report-
ed from Chile (Amigo et al. 2012; Cod-
ner et al. 2004; Hernández et al. 2007), 
Iran (Pejhan et al. 2013; Shalitin and 
Phillip 2003), Korea (Oh et al. 2012), 
Poland (Wronka and Pawlinska-Chmara 
2005), Portugal (Padez 2003), Spain (La-
bayen et al. 2009) and other countries 
(Al-Awadhi et al. 2013; Freedman et al. 
2002, 2003; Martínez et al. 2010; Ros-
enfield et al. 2009). Prenatal and early 
childhood growth might have a larger ef-
fect on sexual maturation (Yermachenko 
and Dvornyk 2014) and therefore, high-
er body fat and early sexual maturity in 
terms of EM may be predicted. 

Early sexual maturity among adoles-
cent girls can be viewed as an adaptive 
strategy to cope with the adverse condi-
tions of SEPE inequalities and insecuri-
ties, caused by several biocultural and 
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environmental factors that influence the 
early start of reproduction, predicting 
lower probability of survivorship. There-
fore, EM is a mismatch between biologi-
cal and psychosocial maturation that can 
be interpreted as an alternative reproduc-
tive tactic, determined by several envi-
ronmental factors, and assists a woman 
to gain phenotypic plasticity, alteration 
of behaviour. Furthermore, EM results 
in a  life history trade-off that might be 
transmitted through generations (Gil-
lette and Folinsbee 2012; Wells 2018). 
A  study from Finland reported women 
were compatible with trade-offs between 
reproduction and growth; compromised 
adult height at the cost of early AM. 
Therefore, women gained fitness bene-
fits by an early start of reproduction but 
not by taller final size (Helle 2008). Early 
menarche results in the growth trade-
off of height and leg length in exchange 
of reaching reproductive age earlier, and 
thereby increases the risk of body fat de-
posit in higher relative trunk size. The 
results in the present study showed that 
EM girls in their post-menarcheal age 
had lower height and leg length (SLL) rel-
ative to height and sitting height in com-
parison with NEM peers. 

The present study in a cross-sectional 
design limits the temporal association of 
EM with elevated BMI, shortened height 
and leg length. In addition, data of ma-
ternal phenotype (height, leg length, 
BMI, body fatness) were unavailable that 
could enrich the study. Household soci-
oeconomic status of the participant girls 
was similar, and data were not used to 
find association with AM. Significant dif-
ferences in socioeconomic status might 
be found in larger samples. The results 
need further verification in future studies 
representing other populations in differ-
ent biocultural environmental situations. 

Conclusion

In summary, the present study showed 
association of EM with lower body 
height and relative leg length that sup-
port earlier studies. Early onset of puber-
ty and sexual maturity among adoles-
cent girls have impacts on demographic 
shifts in fertility, fecundity, birth rates 
that are associated with biocultural en-
vironmental factors in the prenatal and 
postnatal stages of growth and develop-
ment. Maternal capital, environmental 
factors, SEPE inequalities and insecuri-
ties in a woman’s early life and during 
pregnancy, as well as nutritional status, 
consequently determine the qualities 
of offspring like birth weight, length at 
birth, immune response, growth and 
development trajectory, adult body size, 
relative body dimensions, and body fat 
that can be interpreted by the intergen-
erational transmission of evolutionary 
trade-offs in growth, maturity, and de-
velopment. 

Acknowledgements

The author is thankful to the authority 
of Cinvestav-IPN for providing research 
grants to carry out the study. Thanks to 
Dr. Rosa María Méndez González, Ms. 
María Fernanda López Moreno, Dr. Karen 
Santos, and Ms. Mariela Puerto for their 
help in the development of the project. 
My gratitude to Dr. José Huchim Herrera 
of the National institute of Anthropology 
and History, Mexico for his kind help to 
identify the Mayan surnames of the par-
ticipants.

Conflict of interest

The author declares no conflict of inter-
est.



Early menarche and BMI, body height and relative leg length 95

Corresponding author 

Sudip Datta Banik. Department of Hu-
man Ecology, Center for Research and 
Advanced Studies of the National Poly-
technic Institute (Cinvestav-IPN), Meri-
da, Yucatan, Mexico
E-mail: dattabanik@cinvestav.mx

References

Adair LS, Gordon-Larsen P. 2001. Matura-
tional timing and overweight prevalence 
in US adolescent girls. Am J Public Health 
91(4):642–44. https://doi.org/10.2105/
AJPH.91.4.642

Al-Awadhi N, Al-Kandari N, Al-Hasan T, Al-
murjan D, Ali S, Al-Taiar A. 2013. Age 
at menarche and its relationship to body 
mass index among adolescent girls in Ku-
wait. BMC Public Health 13:29. https://
doi.org/10.1186/1471-2458-13-29

Amigo H, Vásquez S, Bustos P, Ortiz G, Lara 
M. 2012. Socioeconomic status and age at 
menarche in indigenous and non-indig-
enous Chilean adolescents. Cadernos de 
Saúde Pública 28(5):977–83. https://doi.
org/10.1590/S0102-311X2012000500016

Arcoverde GF, Prado L, Burgos MG, Lima 
e  Silva R, Andrade MI, Cabral P. 2020. 
Early menarche and its association with 
anthropometric and body composition 
variables in young university students. 
Rev Chil Nutr 47(2):247–54. https://doi.
org/10.4067/S0717-75182020000200247

Azcorra H, Dickinson F, Datta Banik S. 2016. 
Maternal height and its relationship to 
offspring birth weight and adiposity in 6- 
to 10-year-old Maya children from poor 
neighborhoods in Merida, Yucatan. Am 
J Phys Anthropol 161(4):571–79. https://
doi.org/10.1002/ajpa.23057

Azcorra H, Rodriguez L, Datta Banik S, Bo-
gin B, Dickinson F, Varela Silva MI. 2018. 
Living conditions and change in age me-

narche in adult Maya mothers and daugh-
ter from Yucatan, Mexico. Am J Hum 
Biol 30(2):e23087. https://doi.org/10.1002/
ajhb.23087

Azcorra H, Rodriguez L, Varela-Silva MI, Dat-
ta Banik S, Dickinson F. 2015. Intergen-
erational changes in knee height among 
Maya mothers and their adult daugh-
ters from Merida, Mexico. Am J Hum 
Biol 27:792–97. https://doi.org/10.1002/
ajhb.22752

Bateson P, Barker D, Clutton-Brock T, Deb D, 
D’Udine B, Foley RA, et al. 2004. Devel-
opmental plasticity and human health. 
Nature 430(22):419–21. https://doi.
org/10.1038/nature02725

Braithwaite D, Moore DH, Lustig RH,  Epel 
ES, Ong KK, Rehkopf DH, et al. 2009. So-
cioeconomic status in relation to early me-
narche among black and white girls. Can-
cer Causes Control  20:713–20. https://
doi.org/10.1007/s10552-008-9284-9

Barker DJ. 2004. Developmental origins 
of adult health and disease. J Epidemiol 
Community Health 58:114–15. https://
doi.org/10.1136/jech.58.2.114

Barker DJ. 2007. The origins of the devel-
opmental origins theory. J Intern Med 
261(5):412–17. https://doi.org/10.1111/
j.1365-2796.2007.01809.x

Bogin B. 2021. Patterns of Human Growth. 
3rd ed. U.K.: Cambridge University Press. 
https://doi.org/10.1017/9781108379977

Bogin B. 2012. Leg length, body proportion, 
health and beauty. In: Cameron N, Bogin B, 
editors. Human Growth and Development. 
London: Elsevier, p. 343–73. https://doi.
org/10.1016/B978-0-12-383882-7.00013-1

Bogin B, Azcorra H, Wilson HJ, Vázquez-
Vázquez A, Avila-Escalante ML, Castil-
lo-Burguete MT, et al. 2014. Globalization 
and children’s diets: The case of Maya of 
Mexico and Central America. Anthropol 
Rev 77(1):11–32. https://doi.org/10.2478/
anre-2014-0002

https://doi.org/10.2105/AJPH.91.4.642
https://doi.org/10.2105/AJPH.91.4.642
https://doi.org/10.1186/1471-2458-13-29
https://doi.org/10.1186/1471-2458-13-29
https://doi.org/10.1590/S0102-311X2012000500016
https://doi.org/10.1590/S0102-311X2012000500016
https://doi.org/10.4067/S0717-75182020000200247
https://doi.org/10.4067/S0717-75182020000200247
https://doi.org/10.1002/ajpa.23057
https://doi.org/10.1002/ajpa.23057
https://doi.org/10.1002/ajhb.23087
https://doi.org/10.1002/ajhb.23087
https://doi.org/10.1002/ajhb.22752
https://doi.org/10.1002/ajhb.22752
https://doi.org/10.1038/nature02725
https://doi.org/10.1038/nature02725
https://doi.org/10.1007/s10552-008-9284-9
https://doi.org/10.1007/s10552-008-9284-9
https://doi.org/10.1136/jech.58.2.114
https://doi.org/10.1136/jech.58.2.114
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1017/9781108379977
https://doi.org/10.1016/B978-0-12-383882-7.00013-1
https://doi.org/10.1016/B978-0-12-383882-7.00013-1
https://doi.org/10.2478/anre-2014-0002
https://doi.org/10.2478/anre-2014-0002


96 Sudip Datta Banik

Bogin B, Varea C. 2020. COVID-19, crisis, 
and emotional stress: A  biocultural per-
spective of their impact on growth and 
development for the next generation. Am 
J Hum Biol 32(5):e23474. https://doi.
org/10.1002/ajhb.23474

Bogin B, Varela-Silva MI. 2008. Fatness bi-
ases the use of estimated leg length as 
an epidemiological marker for adults in 
the NHANES III sample. Int J Epidemi-
ol 37:201–9. https://doi.org/10.1093/ije/
dym254

Bogin B, Varela-Silva MI. 2010. Leg length, 
body proportion, and health: a  review 
with a note on beauty. Int J Environ Res 
Public Health 7(3):1047–75. https://doi.
org/10.3390/ijerph7031047

Chavarro J, Villamor E, Narváez J, Hoyos A. 
2004. Socio-demographic predictors of 
age at menarche in a  group of Colom-
bian university women. Ann Hum Biol 
31(2):245–57. https://doi.org/10.1080/03
014460310001652239

Codner DE, Unamue MN, Gaete VX, Bar-
rera PA, Mook-Kanamori D, Bazaes CR, 
et al. 2004. Cronología del desarrollo 
puberal en niñas escolares de Santia-
go: Relación con nivel socioeconómico 
e índice de masa corporal. Rev Méd Chile 
132(7):810–08. https://doi.org/10.4067/
S0034-98872004000700003

Conway BN, Shu X-O, Zhang X, Xiang Y-B, 
Cai H, Li H, et al. 2012. Age at menarche, 
the leg length to sitting height ratio, and 
risk of diabetes in middle-aged and elder-
ly Chinese men and women. PLoS ONE 
7(3):e30625. https://doi.org/10.1371/jour-
nal.pone.0030625

Datta Banik S. 2022. Inter-relationships be-
tween percentage body fat, relative sub-
ischial leg length and body mass index 
among adolescents and adults from the 
Limbu community of Darjeeling, West 
Bengal. J Biosoc Sci 54(1):124–134. https://
doi.org/10.1017/S0021932020000723

Datta Banik S, Azcorra H, Dickinson  F. 
2020.  A  comparative study of estimated 
age at menarche using different methods 
among girls from Merida, Mexico.  An-
thropologie (Brno)  58(1):17–24. https://
doi.org/10.26720/anthro.19.10.18.1

Datta Banik S, Mirzaei Salehabadi S, Dick-
inson F. 2017. Preece-Baines model 1 to 
estimate height and knee height growth 
in boys and girls from Merida, Mexico. 
Food Nutr Bull 38(2):182–95. https://doi.
org/10.1177/0379572117700270

Datta Banik S, Dickinson F. 2014. Menarche, 
linear growth, nutritional status and cen-
tral obesity in 9- to 15-year-old girls in Me-
rida, Mexico. In: Bose K, Chakraborty R, 
editors. Health Consequences of Human 
Central Obesity. Nova Science Publishers, 
USA. Chapter 6, pp. 85–94. 

Datta Banik S, Dickinson F. 2016. Compari-
son of height, body fatness and socioeco-
nomic status between pre- and postmenar-
cheal girls 11 to 13 years of age in Merida, 
Yucatan. Anthropologie LIV/2:141–54.

Datta Banik S, Mendez N, Dickinson F. 2015. 
Height growth and percentage of body fat 
in relation to early menarche in girls from 
Merida, Yucatan, Mexico. Ecol Food Nutr 
54(6):644–62. https://doi.org/10.1080/03
670244.2015.1072814

 Deardorff J, Abrams B, Ekwaru JP, Rehkopf 
DH. 2014. Socioeconomic status and age 
at menarche: an examination of multiple 
indicators in an ethnically diverse co-
hort. Ann Epidemiol 24(10):727–33. 

Deardorff J, Ekwaru JP, Kushi LH, Ellis BJ, 
Greenspan LC, Mirabedi A, et al. 2011. 
Father absence, body mass index, and 
pubertal timing in girls: differential ef-
fects by family income and ethnici-
ty. J Adol Health 48(5):441–7. https://doi.
org/10.1016/j.jadohealth.2010.07.032

de Onis M, Onyango AW, Borghi E, Siyam A, 
Nishida C, Siekmann J. 2007. Devel-
opment of a  WHO growth reference for 

https://doi.org/10.1002/ajhb.23474
https://doi.org/10.1002/ajhb.23474
https://doi.org/10.1093/ije/dym254
https://doi.org/10.1093/ije/dym254
https://doi.org/10.3390/ijerph7031047
https://doi.org/10.3390/ijerph7031047
https://doi.org/10.1080/03014460310001652239
https://doi.org/10.1080/03014460310001652239
https://doi.org/10.4067/S0034-98872004000700003
https://doi.org/10.4067/S0034-98872004000700003
https://doi.org/10.1371/journal.pone.0030625
https://doi.org/10.1371/journal.pone.0030625
https://doi.org/10.1017/S0021932020000723
https://doi.org/10.1017/S0021932020000723
https://doi.org/10.26720/anthro.19.10.18.1
https://doi.org/10.26720/anthro.19.10.18.1
https://doi.org/10.1177/0379572117700270
https://doi.org/10.1177/0379572117700270
https://doi.org/10.1080/03670244.2015.1072814
https://doi.org/10.1080/03670244.2015.1072814
https://doi.org/10.1016/j.jadohealth.2010.07.032
https://doi.org/10.1016/j.jadohealth.2010.07.032


Early menarche and BMI, body height and relative leg length 97

school-aged children and adolescents. Bull 
World Health Organ 85(9):660–7. https://
doi.org/10.2471/BLT.07.043497

Demerath EW, Towne B, Chumlea WC, 
Sun SS, Czerwinski SA, Remsberg KE, 
et al. 2004. Recent decline in age at me-
narche: The Fels Longitudinal Study. Am 
J Hum Biol 16(4):453–57. https://doi.
org/10.1002/ajhb.20039

Freedman DS, Khan LK, Serdula MK, Dietz 
WH, Srinivasan SR, Berenson GS. 2002. 
Relation of age at menarche to race, 
time period, and anthropometric dimen-
sions: the Bogalusa Heart Study. Pediat-
rics 110(4):e43. https://doi.org/10.1542/
peds.110.4.e43

Freedman DS, Khan LK, Serdula MK, Di-
etz WH, Srinivasan SR, Berenson GS. 
2003. The relation of menarcheal age to 
obesity in childhood and adulthood: the 
Bogalusa Heart Study. BMC Pediatrics 
30(3):3. https://doi.org/10.1186/1471-
2431-3-3

Gillette MT, Folinsbee KE. 2012. Early me-
narche as an alternative reproductive 
tactic in human females: an evolutionary 
approach to reproductive health issues. 
Evol Psychol 10(5):830–41. https://doi.
org/10.1177/147470491201000506

Gomula A, Koziel S. 2018. Secular trend and 
social variation in age at menarche among 
Polish schoolgirls before and after the po-
litical transformation. Am J Hum Biol 
30(1):e23048. https://doi.org/10.1002/
ajhb.23048

Hales CN, Barker DJ. 1992. Type 2 (non-in-
sulin-dependent) diabetes mellitus: 
the thrifty phenotype hypothesis. Di-
abetologia 35(7):595–601. https://doi.
org/10.1007/BF00400248

Helle S. 2008. A  tradeoff between repro-
duction and growth in contemporary 
Finnish women. Evol Hum Behav 
29(3):189–95. https://doi.org/10.1016/j.
evolhumbehav.2007.11.009

Henrichs KL, McCauley HL, Miller E, Styne 
DS, Saito N, Breslau J. 2014. Early me-
narche and childhood adversities in a na-
tionally representative sample. Int J Pedi-
atr Endocrinol 14 (8 pages). https://doi.
org/10.1186/1687-9856-2014-14

Hernández MI, Unanue N, Gaete X, Cassor-
la  F, Codner E. 2007. Age of menarche 
and its relationship with body mass index 
and socioeconomic status. Rev Méd Chile 
135(11):1429–36. https://doi.org/10.4067/
S0034-98872007001100009

INEGI. 2011. XIII Censo de Población 
y Vivienda 2010. Resultados Definitivos. 
Instituto Nacional de Estadística y  Geo-
grafía (INEGI). Available at https://www.
inegi.org.mx/programas/ccpv/2010/ (Ac-
cessed on 15th January 2022).

Illescas-Zárate D, Batis C, Ramírez-Silva  I, 
Torres-Álvarez R, Rivera JA, Barrien-
tos-Gutiérrez T. 2021. Potential Impact 
of the Nonessential Energy-Dense Foods 
Tax on the Prevalence of Overweight and 
Obesity in Children: A  Modeling Study. 
Front Public Health 8:591696. https://doi.
org/10.3389/fpubh.2020.591696

Ireton MJ, Carrillo JC, Caro LE. 2011. Biom-
etry and sexual maturity in a  sample of 
Colombian schoolchildren from El Yopal. 
Ann Hum Biol 38(1):39–52.

Kang S, Kim YM, Lee JA, Kim DH, Lim JS. 
2019. Early menarche is a  risk factor 
for short stature in young Korean fe-
males: An epidemiologic study. J Clin 
Res Pediatr Endocrinol 11(3):234–39. 
https: / /doi .org /10.4274/ jcrpe.gale-
nos.2018.2018.0274

Kuzawa CW. 2005. Fetal origins of develop-
mental plasticity: Are fetal cues reliable 
predictors of future nutritional environ-
ments? Am J Hum Biol 17:5–21. https://
doi.org/10.1002/ajhb.20091

Labayen I, Ortega FB, Moreno LA, Redondo- 
-Figuero C, Bueno G, Gómez-Martínez S, 
et al. 2009. The effect of early menarche 

https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.1002/ajhb.20039
https://doi.org/10.1002/ajhb.20039
https://doi.org/10.1542/peds.110.4.e43
https://doi.org/10.1542/peds.110.4.e43
https://doi.org/10.1186/1471-2431-3-3
https://doi.org/10.1186/1471-2431-3-3
https://doi.org/10.1177/147470491201000506
https://doi.org/10.1177/147470491201000506
https://doi.org/10.1002/ajhb.23048
https://doi.org/10.1002/ajhb.23048
https://doi.org/10.1007/BF00400248
https://doi.org/10.1007/BF00400248
https://doi.org/10.1016/j.evolhumbehav.2007.11.009
https://doi.org/10.1016/j.evolhumbehav.2007.11.009
https://doi.org/10.1186/1687-9856-2014-14
https://doi.org/10.1186/1687-9856-2014-14
https://doi.org/10.4067/S0034-98872007001100009
https://doi.org/10.4067/S0034-98872007001100009
https://www.inegi.org.mx/programas/ccpv/2010/
https://www.inegi.org.mx/programas/ccpv/2010/
https://doi.org/10.3389/fpubh.2020.591696
https://doi.org/10.3389/fpubh.2020.591696
https://doi.org/10.4274/jcrpe.galenos.2018.2018.0274
https://doi.org/10.4274/jcrpe.galenos.2018.2018.0274
https://doi.org/10.1002/ajhb.20091
https://doi.org/10.1002/ajhb.20091


98 Sudip Datta Banik

on later body composition and fat distri-
bution in female adolescents: role of birth 
weight. Ann Nutr Metabol 54(4):313–20. 
https://doi.org/10.1159/000242441

Lohman TG, Roche AF, Martorell R. 1988. 
Anthropometric Standardization Refer-
ence Manual. Champaign, IL: Human 
Kinetics Books.

López-Moreno MF. 2021. Diabetes Mellitus 
tipo 2, Estado Nutricional e  Inseguridad 
Alimentaria en Quintana Roo, Yucatán. 
Master’s thesis (unpublished), Cin-
vestav-IPN, Mexico. 

Malina RM, Peña-Reys ME, Tan SK, Lit-
tle BB. 2004. Secular change in age at 
menarche in rural Oaxaca, southern 
Mexico: 1968–2000. Ann Hum Biol 
31(6):634–46. https://doi.org/10.1080/ 
03014460400018077; https://doi.org/10. 
1080/03014460400018085

Martínez J, Araújo C, Horta BL, Gigante DC. 
2010. Growth patterns in early childhood 
and the onset of menarche before age twelve. 
Rev Saúde Pública 44(2):249–60. https://doi.
org/10.1590/S0034-89102010000200004

McDade TW. 2003. Life history theory and 
the immune system: Steps toward a hu-
man ecological immunology. Am J Phys 
Anthropol 122(S37):100–25. https://doi.
org/10.1002/ajpa.10398

McDowell MA, Brody DJ, Hughes JP. 2007. 
Has age at menarche changed? Results 
from the National Health and Nutri-
tion Examination Survey (NHANES) 
1999–2004. J Adol Health 40:227–31. 
https://doi.org/10.1016/j.jadohealth. 
2006.10.002

McIntyre MH, Kacerosky PM. 2011. Age 
and size at maturity in women: a  norm 
of reaction? Am J Hum Biol 23:305–12. 
https://doi.org/10.1002/ajhb.21122

Méndez-Domínguez N. 2011. ¿Podría evi-
tarse la menarquía temprana? Factores 
somáticos, heredables y socioeconómicos 
asociados a  la temporalidad de la me-

narquía. Saarbrücken, Germany: Editorial 
Académica Española.

Méndez-Estrada RO, Valencia ME, Melén-
dez-Torres JM. 2006. Edad de la me-
narquía en jóvenes del noroeste de Méxi-
co. Arch Latinoam Nutr 56(2):81–88.

Mendoza A, Pérez AE, Aggarwal A, Drew-
nowski A. 2017. Energy density of foods 
and diets in Mexico and their monetary 
cost by socioeconomic strata: analyses of 
ENSANUT data 2012. J Epidemiol Com-
munity Health 71(7):713–21. https://doi.
org/10.1136/jech-2016-207781

Mertens A, Benjamin-Chung J, Colford 
Jr. JM, Coyle J, van der Laan MJ, Hub-
bard AE, et al. 2020. Risk factors and 
impacts of child growth faltering in 
low- and middle-income countries. 
BMJ Yale (Preprint version). https://doi.
org/10.1101/2020.06.09.20127100

Morris DH, Jones ME, Schoemaker MJ, 
Ashworth A, Swerdlow AJ. 2010. Deter-
minants of age at menarche in the UK: 
analyses from the Breakthrough Genera-
tions Study. Br J Cancer, 103(11):1760–4. 
https://doi.org/10.1038/sj.bjc.6605978

Morris DH, Jones ME, Schoemaker MJ, 
Ashworth A, Swerdlow AJ. 2011. Fa-
milial concordance for age at menarche: 
analyses from the breakthrough genera-
tions study. Paediatr Perinat Epidemiol 
25(3):306–11. https://doi.org/10.1111/
j.1365-3016.2010.01183.x

Mukherjee DP, Datta Banik S. 2009. Inher-
itance of menarcheal age: a review. The Ori-
ental Anthropologist 9(1):111–7. https://
doi.org/10.1177/0976343020090109

Must A, Naumova EN, Phillips SM, Bluss M, 
Dawson-Hughes B, Rand WM. 2005. 
Childhood overweight and maturation-
al timing in the development of adult 
overweight and fatness: The Newton 
Girls Study and its follow-up. Pediat-
rics 116:620–7. https://doi.org/10.1542/
peds.2004-1604

https://doi.org/10.1159/000242441
https://doi.org/10.1080/03014460400018077
https://doi.org/10.1080/03014460400018077
https://doi.org/10.1080/03014460400018085
https://doi.org/10.1080/03014460400018085
https://doi.org/10.1590/S0034-89102010000200004
https://doi.org/10.1590/S0034-89102010000200004
https://doi.org/10.1002/ajpa.10398
https://doi.org/10.1002/ajpa.10398
https://doi.org/10.1016/j.jadohealth.2006.10.002
https://doi.org/10.1016/j.jadohealth.2006.10.002
https://doi.org/10.1002/ajhb.21122
https://doi.org/10.1136/jech-2016-207781
https://doi.org/10.1136/jech-2016-207781
https://doi.org/10.1101/2020.06.09.20127100
https://doi.org/10.1101/2020.06.09.20127100
https://doi.org/10.1038/sj.bjc.6605978
https://doi.org/10.1111/j.1365-3016.2010.01183.x
https://doi.org/10.1111/j.1365-3016.2010.01183.x
https://doi.org/10.1177/0976343020090109
https://doi.org/10.1177/0976343020090109
https://doi.org/10.1542/peds.2004-1604
https://doi.org/10.1542/peds.2004-1604


Early menarche and BMI, body height and relative leg length 99

Ong KK, Ahmed ML, Emmett PM, 
Preece  MA, Dunger DB. 2000. Associa-
tion between postnatal catch-up growth 
and obesity in childhood: prospective co-
hort study. Br Med J 320:967–71. https://
doi.org/10.1136/bmj.320.7240.967

Ong KK, Northstone K, Wells JCK, Rubin C, 
Ness AR, Golding J, et al. 2007. Earlier 
mother’s age at menarche predicts rap-
id infancy growth and childhood obe-
sity. PLoS Med 4(4):e132. https://doi.
org/10.1371/journal.pmed.0040132

Oh CM, Oh IH, Choi KS, Choe BK, Yoon 
TY, Choi JM. 2012 Relationship between 
body mass index and early menarche 
of adolescent girls in Seoul. J Prev Med 
Public Health 45(4):227–34. https://doi.
org/10.3961/jpmph.2012.45.4.227

Padez C. 2003. Social background and age 
of menarche in Portuguese university 
students: a  note on the secular changes 
in Portugal. Am J Hum Biol 15:415–27. 
https://doi.org/10.1002/ajhb.10159

Pejhan A, Moghaddam HY, Najjar L, Akabe-
ri A. 2013. The relationship between me-
narche age and anthropometric indices of 
girls in Sabzevar, Iran. Journal of Pakistan 
Medical Association 63(1):81–84.

Rivara AC, Madrigal L. 2019. Early maturity, 
shortened stature, and hardship: can life 
history trade-offs indicate social stratifica-
tion and income inequality in the U.S.? 
Am J Hum Biol 31(5):e23283. https://doi.
org/10.1002/ajhb.10159

Rosenfield RL, Lipton RB, Drum ML. 2009. 
Thelarche, pubarche, and menarche at-
tainment in children with normal and 
elevated body mass index. Pediatrics, 
123(1):84–88. https://doi.org/10.1542/
peds.2008-0146

Roth DE, Krishna A, Leung M, Shi J, Bas-
sani DG, Barros AJD. 2017. Early child-
hood linear growth faltering in low-in-
come and middle-income countries as 
a  whole-population condition: analysis 

of 179 Demographic and Health Sur-
veys from 64 countries (1993–2015). 
Lancet 5(12):e1249–e1257. https://doi.
org/10.1016/S2214-109X(17)30418-7

Scheffler C, Hermanussen M, Bogin B, Lia-
na DS, Taolin F, Cempaka PMVP, et al. 
2019. Stunting is not a synonym of mal-
nutrition. Eur J Clin Nutr 74(3):377–386. 
https://doi.org/10.1038/s41430-019-
0439-4

Shalitin S, Phillip M. 2003. Role of obesity 
and leptin in the pubertal process and 
pubertal growth- a  review. Int J Obesity 
27(8):869–74. https://doi.org/10.1038/sj. 
ijo.0802328

Steppan M, Whitehead R, McEachran J, Cur-
rie C. 2019. Family composition and age 
at menarche: Findings from the interna-
tional Health Behaviour in School-aged 
Children study. Reprod Health 16:176 (13 
pages). https://doi.org/10.1186/s12978-
019-0822-6

Sun Y, Mensah FK, Azzopardi P, Patton GC, 
Wake M. 2017. Childhood social dis-
advantage and pubertal timing: A  na-
tional birth cohort from Australia. Pedi-
atrics, 139(6):e20164099. https://doi.
org/10.1542/peds.2016-4099

Torres-Arroyo MM. 2018. Cambios en Hábi-
tos Alimenticios, Estado Nutricional, Ac-
tividad Física y Nivel Socioeconómicos en 
Jóvenes de Adolescencia a  Adultez en la 
ciudad de Mérida, Yucatán. Master’s The-
sis (unpublished), Cinvestav-IPN, Merida, 
Yucatan, Mexico.

Ulijaszek SJ, Kerr DA. 1999. Anthropomet-
ric measurement error and the assess-
ment of nutritional status. Br J Nutr 
82(3):165–77. Erratum in: Br J Nutr 
2000, 83(1):95. https://doi.org/10.1017/
S0007114599001348

Varela-Silva MI, Dickinson F, Wilson H, 
Azcorra H, Griffiths PL, Bogin B. 2012. 
The nutritional dual-burden in develop-
ing countries--how is it assessed and what 

https://doi.org/10.1136/bmj.320.7240.967
https://doi.org/10.1136/bmj.320.7240.967
https://doi.org/10.1371/journal.pmed.0040132
https://doi.org/10.1371/journal.pmed.0040132
https://doi.org/10.3961/jpmph.2012.45.4.227
https://doi.org/10.3961/jpmph.2012.45.4.227
https://doi.org/10.1002/ajhb.10159
https://doi.org/10.1002/ajhb.10159
https://doi.org/10.1002/ajhb.10159
https://doi.org/10.1542/peds.2008-0146
https://doi.org/10.1542/peds.2008-0146
https://doi.org/10.1016/S2214-109X(17)30418-7
https://doi.org/10.1016/S2214-109X(17)30418-7
https://doi.org/10.1038/s41430-019-0439-4
https://doi.org/10.1038/s41430-019-0439-4
https://doi.org/10.1038/sj.ijo.0802328
https://doi.org/10.1038/sj.ijo.0802328
https://doi.org/10.1186/s12978-019-0822-6
https://doi.org/10.1186/s12978-019-0822-6
https://doi.org/10.1542/peds.2016-4099
https://doi.org/10.1542/peds.2016-4099
https://doi.org/10.1017/S0007114599001348
https://doi.org/10.1017/S0007114599001348


100 Sudip Datta Banik

are the health implications? Coll Antropol 
36(1):39–45. 

Vázquez-Vázquez A, Azcorra H, Falfán I, Ar-
gáeź J, Kantun D, Dickinson F. 2013. Ef-
fects of Maya ancestry and environmental 
variables on knee height and body propor-
tionality in growing individuals in Merida, 
Yucatan. Am J Hum Biol 25(5):586–93. 
https://doi.org/10.1002/ajhb.22417

Webster GW, Graber JA, Gesselman AN, 
Crosier BS, Schember TO. 2014. A  life 
history theory of father absence and me-
narche: A  meta-analysis. Evol Psychol 
12(2):273–94. https://doi.org/10.1177/ 
147470491401200202

Wells JCK. 2010. Maternal capital and the 
metabolic ghetto: An evolutionary per-
spective on the transgenerational basis 
of health inequalities. Am J Hum Biol 
22(1):1–17. https://doi.org/10.1002/ajhb. 
20994

Wells JCK. 2011. The thrifty phenotype: An 
adaptation in growth and metabolism. 
Am J Hum Biol 23(1):65–75. https://doi.
org/10.1002/ajhb.21100

Wells JCK. 2012. A  critical appraisal of the 
predictive adaptive response hypothesis. 
Int J Epidemiol 41(1):229–35. https://doi.
org/10.1093/ije/dyr239

Wells JCK. 2017. Understanding develop-
mental plasticity as adaptation requires an 
inter-generational perspective. Evol Med 
Public Health 2017(1):185–7. https://doi.
org/10.1093/emph/eox023

Wells JCK. 2018. Life history trade-offs 
and the partitioning of maternal invest-

ment: Implications for health of mothers 
and offspring. Evol Med Public Health 
2018(1):153–66. https://doi.org/10.1093/
emph/eoy014

Wells JCK, Cole TJ, Cortina-Borja M, Sear  R, 
Leon DA, Marphatia AA, et al. 2019. 
Low maternal capital predicts life history 
trade-offs in daughters: why adverse out-
comes cluster in individuals. Front Pub-
lic Health 7:206 (20 pages). https://doi.
org/10.3389/fpubh.2019.00206

Wells JC, Yao P, Williams JE, Gayner R. 
2016. Maternal investment, life-history 
strategy of the offspring and adult chron-
ic disease risk in South Asian wom-
en in the UK. Evol Med Public Health 
2016(1):133–45. https://doi.org/10.1093/
emph/eow011

WHO. 2007. WHO Growth Reference Data 
for 5 to 19 years. Geneva: World Health 
Organization. Available online at: http://
www.who.int/growthref/en/ (Accessed 24 
December 2021). 

Wolanski N, Dickinson F, Siniarska A. 1994. 
Seasonal rhythm of menarche as a  sen-
sitive index of living conditions. Studies 
Hum Ecol 11:171–91.

Wronka I, Pawlinska-Chmara R. 2005. Rela-
tionship between the tempo of matura-
tion and the body/height proportions in 
adulthood. Wiad Lek 58(9–10):513–17. 

Yermachenko A, Dvornyk V. 2014. Nonge-
netic determinants of age at menarche: 
a  systematic review. Biomed Res Int 
2014:371583 (14 pages). https://doi.
org/10.1155/2014/371583

https://doi.org/10.1002/ajhb.22417
https://doi.org/10.1177/147470491401200202
https://doi.org/10.1177/147470491401200202
https://doi.org/10.1002/ajhb.20994
https://doi.org/10.1002/ajhb.20994
https://doi.org/10.1002/ajhb.21100
https://doi.org/10.1002/ajhb.21100
https://doi.org/10.1093/ije/dyr239
https://doi.org/10.1093/ije/dyr239
https://doi.org/10.1093/emph/eox023
https://doi.org/10.1093/emph/eox023
https://doi.org/10.1093/emph/eoy014
https://doi.org/10.1093/emph/eoy014
https://doi.org/10.3389/fpubh.2019.00206
https://doi.org/10.3389/fpubh.2019.00206
https://doi.org/10.1093/emph/eow011
https://doi.org/10.1093/emph/eow011
https://doi.org/10.1155/2014/371583
https://doi.org/10.1155/2014/371583

	_Hlk96448648
	_Hlk81847163
	_Hlk89241588
	_Hlk89239881
	_Hlk54101984
	_Hlk86838023
	_Hlk96340491
	_Hlk95238533
	_Hlk85104232
	_ENREF_63
	_Hlk86838037
	_Hlk85103884
	_Hlk95160734
	_Hlk95160414
	_Hlk88126793
	_Hlk88126863
	_Hlk88849075

