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A B S T R A C T

Background: Earlier age at menarche is associated with behavioral and noncommunicable disease risks. The influence of birth weight (BW)
(intrauterine) and postnatal growth on age at menarche is not well studied in low- and middle-income countries (LMICs).
Objective: Therefore, we investigated these associations in 5 LMIC birth cohorts.
Methods: We analyzed data from Brazil, Guatemala, India, the Philippines, and South Africa (n ¼ 3983). We derived stunting (< �2 SD
scores) at 24 mo using the WHO child growth standards. We generated interaction terms with categorized BW and conditional weight
(lighter < 0 or heavier � 0), and height (shorter < 0 or taller � 0) z-scores. We categorized early-, modal-, and late-onset menarche and used
multilevel ordinal regression. We used multilevel linear regression on continuous age at menarche.
Results: Mean age at menarche was 12.8 y (95% CI: 12.7 12.9). BW was not associated with age at menarche. Conditional height at 24 mo
and mid-childhood (OR: 1.35; 95% CI: 1.27, 1.44 and 1.32; 1.25, 1.41, respectively) and conditional weight at 24 mo and mid-childhood
(OR: 1.15; 1.08, 1.22 and 1.18; 1.11, 1.25, respectively) were associated with increased likelihood of early-onset menarche. Being heavier at
birth and taller at 24 mo was associated with a 4-mo (95% CI: 0.8, 7.6) earlier age at menarche than being lighter at birth and shorter at 24
mo. Being heavier at birth but lighter in mid-childhood was associated with a 3-mo (95% CI: 0.8, 4.8) later age at menarche than being
lighter at birth and mid-childhood. Age at menarche was 7 mo later in stunted than nonstunted girls.
Conclusion: Age at menarche is inversely related to relative weight gain but also to rapid linear growth among those born shorter but
remained stunted, and those born taller and grew excessively. These findings do not deter the global health goal to reduce growth faltering
but emphasize the potential adverse effects of an obesogenic environment on adolescent development.
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Introduction

The secular trend of decreasing age at menarche in high-
income countries has decelerated [1,2]. In North America and
Europe, the age at menarche declined from 17 y in the mid-19th
Abbreviations: BW, birth weight; CW, conditional weight; CH, conditional height
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century to below 14 y by the mid-20th century [3,4]. Low- or
middle-income countries (LMICs) are still experiencing a sharp
decline in age at menarche [5–8]. The mean age at menarche
for South African Black females decreased from 14.9 y (95% CI
14.8, 15.0) in 1956 to 12.4 y (95% CI 12.2, 12.6) in 2006; an
; LMIC, low- and middle-income countries.
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average decline of 0.50 y per decade [9], compared with
approximately 0.08 y per decade among contemporary Dutch
girls [2].

An earlier age at menarche is associated with lower attained
height, increased adult obesity [10–14], some cancers [15],
adult-onset diabetes [16], psychosocial disorders, and risky be-
haviors [17,18]. Therefore, it is useful to understand factors
associated with age at menarche, as the potential life course
implications for both health and socioeconomic outcomes for
young girls and their offspring are profound.

Frisch et al. [19] first hypothesized that achieving some
critical weight may be essential to trigger the onset of menarche
and that the global rise in childhood weight over time may be
the essential driver of the secular decline in menarche. How-
ever, there is some evidence that females who are lighter at
birth may experience menarche at an earlier age than those
born heavier and that the rate of weight gain during early
childhood may be a critical determinant of the timing of pu-
berty [20]. In Cebu, Philippines, girls who were relatively long
(>49 cm) and light (<3 kg) at birth attained menarche ~6 mo
earlier than girls who were both short (<49 cm) and light (<3
kg) [21]. The association with low weight at birth was most
pronounced among girls with greater than average linear
growth in the first 6 mo of postnatal life [21]. In the UK MRC
1946 Birth Cohort, both linear growth and relative weight gain
during infancy were negatively associated with age at menarche
[22]. In the Dortmund Nutritional and Anthropometric Longi-
tudinal Design study, both higher birth weight (BW) and faster
postnatal weight gain to 24 mo were associated with earlier age
at menarche, independent of prepubertal BMI [23].

Determining the relative contributions of BW, postnatal
relative weight gain (considered separately from linear growth),
and postnatal linear growth, to identify the age windows in
which child growth is most strongly related to age at menarche
is valuable to better understand predictors of puberty and po-
tential drivers of pediatric obesity trajectories. Therefore, we
aimed to investigate the independent associations of BW and
postnatal linear growth and relative weight gain in infancy and
childhood with age at menarche in 5 birth cohorts in LMICs.

Methods

Study populations
We analyzed data from birth cohorts in 5 LMICs: The 1982

Pelotas Birth Cohort (Brazil) [24], the Institute of Nutrition of
Central America and Panama Nutrition Trial Cohort
(Guatemala) [25], the New Delhi Birth Cohort (India) [26], the
Cebu Longitudinal Health and Nutrition Survey (Philippines)
[27], and the Birth to Thirty Cohort (South Africa) [28]. All
field activities were reviewed and approved by an appropriate
ethics committee or Institutional Review Board and all partici-
pants (or their parents, as appropriate) provided informed
consent for all measures reported.

Demographic characteristics and birthweight
Maternal age at the time of delivery and schooling were

assessed using a questionnaire. In South Africa BW was ob-
tained from reliable birth records [29], whereas the research
2

teams in Brazil, India, and Guatemala measured BW. In Cebu,
BW was based on a combination of interviewer-measured data
(60%) and hospital records. As birth length was not measured
for the India and South Africa studies, we use BW in all
analyses.
Measured anthropometric variables
Stature and weight were measured using standard methods

and timings specific to each study. In all studies except
Guatemala, supine length was measured up to 24 mo and
standing height thereafter. In Guatemala, supine length was
measured through age 7 y; we converted these measures to
standing heights by subtracting 1.0 cm from lengths in children
aged 24 mo and older. For the current analysis, we identified
common ages of childhood measurements across the 5 sites and
weight and length at 24 mo and at mid-childhood (age 48 mo
for Brazil, Guatemala, India, and South Africa, and 8 y for the
Philippines).
Computed growth variables
z-Scores were calculated using WHO 2006 standards [30,

31]. We considered girls to be stunted if their height-for-age
z-score (HAZ) was < �2.0. Disentangling the consequences of
linear growth and weight gain at different ages requires statis-
tical methods to address the high correlation of weight with
length and repeated measurements in the same individual over
time. We used conditional size measures to eliminate these
correlations. Conditional size measures are standardized re-
siduals derived from regressing current size (represented as
Fisher–Yates transformed weight or length/height z-scores) on
all prior size measures [32–34]. Conditional variables represent
children’s deviation from expected size based on their own
prior measures and the growth of the other children in their
cohort and can be interpreted as representing faster or slower
relative weight gain or linear growth, respectively. For this
analysis, the conditionals were generated for height-for-age and
weight-for-age at 24 mo and mid-childhood, all represented as
z-scores. The conditional variables were created separately for
each site from the maximum sample with complete anthropo-
metric data at all selected ages.
Age at menarche
For Brazil, data on age at menarche were collected at age 15 y,

with further updates in early adulthood for those that not yet had
menses by 15 y. In Guatemala, the age at menarche was asked in
adulthood (15–30 y). In India, the age at menarche was obtained
at the age of 30 y. In the Philippines, age at menarche (month
and year) was obtained by recall at several surveys (age 11, 15,
19, and 22 y) spanning adolescence through early adulthood. For
the final age at menarche variable, the estimate obtained closest
to the age at onset was used. In South Africa, age at menarche
(month and year) was asked annually from age 9 y until 18 y and
first prospectively reported age was used.

We treated age at menarche as both a continuous and cate-
gorical variable. Categorization of age at menarche as early,
modal, or late was site-specific, based on modal age at menarche,
expressed in integer years.



FIGURE 1. Flow diagram to show available data for key variables to
formulate the analytical data set.
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Sample selection and statistical analyses
The total sample consisted of 10,774 female participants

(Brazil 27%, Guatemala 11%, India 33%, South Africa 13%, and
the Philippines 16%) with BW and maternal demographic
characteristics. Complete anthropometric data were available for
6032 girls, of whom age at menarche was available for 3983
participants, who represent the sample for analysis (Figure 1).
We performed sensitivity analyses by comparing participants
excluded with those included in the analytical sample.

We characterized the individual cohorts using means and
standard deviations (SDs) or categorical distributions, as
appropriate. We pooled the data using mixed-effects (fixed and
random effects) modeling with random slopes and intercepts for
site. To assess risk of being classified as the early- or late-onset
menarche group, we used mixed-effects ordinal regression. We
performed a likelihood ratio test to assess proportionality of
odds, and there was no difference in the relationship between
the pairs of the levels of the ordinal outcomes. Furthermore, we
used multilevel linear regression with maximum likelihood
estimation to investigate the association of BW, and conditional
weight (CW), and conditional height (CH) z-scores at 24 mo and
in mid-childhood (CW24, CW48, CH24, and CH48) with age at
menarche, with interactions between birthweight and the con-
ditional measures. We plotted the residuals to assess homoge-
neity of variances, and a uniform pattern was observed after
removing outliers. To disentangle the effects of birth size and
postnatal growth, we dichotomized BW z-score below and equal
to or above the site-specific median and CH and CW at 24 and
48 mo as <0 or �0, resulting in 4r levels for each interaction
term, light-slow, light-fast, heavy-slow, and heavy-fast. We
adjusted for maternal education (EDUC) as a proxy for the
household socioeconomic environment, as it has been shown
repeatedly to be associated with both early growth and age at
menarche [21]. We also included the wealth index in our
models, and the associations did not differ. We included the
main effects and interaction terms in the same fixed effects
model as follows:

Yij ¼ β0 þ β1i*BWij þ β2i*CW24ij þ β3i*CW48ij þ β4i*CH24ij
þ β5i*CH48ij þ β6i*BW#CH24ij þ β7i*BW#CH48ij
þ β8i*BW#CH24ij þ β9i*BW#CH48ij
þ β10i*EDUC ij þ εij (1)

where:
Yij is age at menarche for individual i in cluster j.
In the subsample with birth length, we used the dichotomized

CH at 24 mo and stunting at 24 mo to generate 4 groups, slow-
stunted, fast-stunted, slow-long, and fast-long. We used the 1-fac-
tor ANOVA with the assumption for equal variances to compare
age at menarche between the 4 groups among children born
short or long (HAZ<0 or�0). Finally, to assess differences in age
at menarche between girls who were stunted and nonstunted at
age 24 mo, we used a 2-sample t-test. All analyses were done
using Stata software, version 13 (Stata Corporation, 2013), and
we inferred significance at P < 0.05.

Results

Characteristics of study participants are presented in Table 1.
South African female participants were born to mothers with the
highest number of years of schooling, compared with the other 4
3

cohorts. The South African participants were generally heavier
and taller than their counterparts in Brazil, Guatemala, India,
and Philippines. Stunting at 24 mo was most prevalent in
Guatemala (77.3%) and least prevalent in Brazil (10.7%). Age at
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menarche differed by cohort, with the mean (SD) ranging from
12.4 (�1.4) y in Brazil to 13.7 (�1.2) y in India (Table 1).

Age at menarche, height at 24 mo, the prevalence of stunting
at 24 mo, and height and weight in mid-childhood did not differ
between participants excluded versus those included (Supple-
mental Table S1). For India, mothers of the girls who were
included in the analysis had completed more schooling. Partici-
pants from Brazil who were included in the analyses were
heavier at birth, whereas those included from Guatemala and the
Philippines weighed slightly more at 24 mo. For Brazil and India,
mothers of the girls who were included were slightly older,
whereas those from South Africa were slightly younger.

In the ordinal regression analyses, the association between
BW and age at menarche was null (Table 2). Risk of being in the
early onset versus being in the modal or late-onset group
increased by 35% (95% CI: 27, 44), 32% (95% CI: 25, 44), 15%
(95% CI: 8, 22), and 18% (95% CI: 11, 25) per 1 SD increase in
conditional lengths at 24 mo and mid-childhood and CW at 24
mo and mid-childhood, respectively. Conversely, risk of being in
the later onset versus being in the modal or early-onset group
decreased by 26% (95% CI: 21, 30), 24% (95% CI: 20, 29), 13%
(95% CI: 7, 18), and 15% (95% CI: 10, 20) per 1 SD increase in
conditional length at 24 mo and mid-childhood and CW at 24 mo
and mid-childhood, respectively. Consistent patterns were seen
across cohorts (site-specific models are presented in Supple-
mental Table S3, which shows the adjusted model).

In both the unadjusted and adjusted multilevel linear
regression models, 1 SD increase in conditional length at 2 y or in
mid-childhood was associated with an ~2-mo (95% CI: 1.2, 2.9)
decrease in age at menarche (Table 3). For 1 SD increase in CW at
24 mo and in mid-childhood, there were decreases in age at
menarche by ~4 wk (95% CI: 1.0, 7.2). In the interaction results
(Table 4), being heavy at birth and having faster linear growth
TABLE 1
Selected characteristics of female participants in 5 birth cohorts (mean (SD

Variable Brazil
n ¼ 1750 (44%)

Guatemala
n ¼ 154 (4

Maternal age (y) 26.4 (6.3) 28.0 (6.9)
Maternal education (y) 6.6 (4.3) 1.2 (1.5)
Maternal height (cm) 156.4 (5.9) 148.7 (5.1)
Birthweight (kg) 3.2 (0.5) 3.0 (0.4)
Birthweight (z-score) �0.2 (1.2) �0.5 (1.0)
Weight at 24 mo (kg) 10.8 (1.6) 9.6 (1.1)
Weight at 24 mo (z-score) 0.1 (1.0) �1.6 (1.0)
Weight at mid-childhood (kg) 15.3 (2.4) 13.4 (1.4)
Weight at mid-childhood (z-score) �0.0 (1.0) �1.4 (0.8)
Birth length (cm) — 48.8 (2.1)
Birth length (z-score) — �0.2 (1.15
Height at 24 mo (cm) 80.2 (4.9) 76.9 (3.6)
Height at 24 mo (z-score) �0.6 (1.2) �2.8 (1.1)
Stunted at 24 mo, % 10.7 77.3
Height at mid-childhood (cm) 97.0 (5.1) 92.6 (4.0)
Height at mid-childhood (z-score) �0.7 (1.09) �2.4 (0.9)
Age at menarche (y) 12.4 (1.4) 13.5 (1.3)
Menarche
Early onset (< modal age; %) 24.3 16.9
Modal onset (¼modal age; %) 31.0 33.8
Later onset (>modal age; %) 44.7 49.4

Menarche categorization was site-specific, based on modal age at menarch
South Africa ¼ 13 y.
Mid-childhood was defined as 102 mo in the Philippines and 48 mo in all
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between birth and age 24 mo was associated with ~4-mo (95%
CI: 0.8, 7.6) earlier age at menarche than girls who were light at
birth and had slower linear growth. Conversely, being heavy at
birth and experiencing slower weight gain between 24 mo and
mid-childhood delayed age at menarche by ~3 mo compared
with girls who were born light and had slower weight gain be-
tween 24 mo and mid-childhood. For site-specific regression
results, see Supplemental Figure S1A, B.

In the subsample with birth length (Supplemental Table S2),
being in the fast-stunted (13.1 � SD, 1.3) group was associated
with earlier age at menarche than being in the slow-stunted
(14.0 � 1.3) or slow-long groups (13.6 � 1.1), among girls
who were shorter at birth (z-score < 0). Additionally, being in
the fast-long (13.3 � 1.2) group was associated with earlier age
at menarche than being in the slow-stunted group. Among girls
who were taller at birth (z-score � 0), being both in the fast-
stunted (13.0 � 1.2) and fast-long (12.9 � 1.2) groups was
associated with earlier age at menarche than being in the slow-
stunted (13.6 � 1.2) or slow-long (13.5 � 1.1) groups.

Across all cohorts, girls stunted at 24 mo had a 7.2 mo (95%
CI 7.0, 8.9) later mean age at menarche compared with girls not
stunted (Table 5).
Discussion

In this study, we assessed associations of BW and subsequent
linear growth and weight gain with age at menarche in birth
cohorts in 5 LMICs. The longitudinal data allowed us to examine
growth and weight gains among infants and toddlers (birth to 2
y) and in mid-childhood and their association with onset and age
at menarche. In the pooled analyses, BW was not associated with
age at menarche, but greater linear growth and greater relative
) or %)

%)
India
n ¼ 487 (12%)

Philippines
n ¼ 936 (24%)

South Africa
n ¼ 656 (16%)

26.8 (5.6) 26.2 (6.0) 25.5 (6.3)
5.6 (4.5) 6.9 (3.1) 9.7 (2.7)
152.0 (5.1) 150.5 (5.0) 158.9 (6.0)
2.8 (0.4) 3.0 (0.4) 3.0 (0.5)
�1.1 (0.9) �0.6 (1.0) �0.5 (1.2)
9.7 (1.2) 9.5 (1.1) 11.2 (1.4)
�1.4 (1.01) �1.7 (1.0) �0.3 (1.0)
13.2 (1.5) 20.33 (2.8) 15.2 (2.1)
�1.5 (0.9) �1.8 (0.9) �0.5 (0.9)
48.1 (1.9) 48.9 (2.0) -

) �0.5 (1.0) �0.1 (1.1) �
79.5 (3.6) 78.4 (3.5) 82.8 (3.4)
�1.9 (1.1) �2.3 (1.1) �1.1 (1.04)
45.0 59.6 17.7
93.8 (4.3) 117.5 (5.5) 98.9 (4.0)
�2.1 (1.0) �2.0 (0.9) �0.9 (0.9)
13.7 (1.2) 13.1 (1.1) 12.7 (1.2)

41.5 26.9 43.8
36.1 37.6 31.6
22.4 35.5 24.7

e: Brazil ¼ 12 y, Guatemala ¼ 13 y; Delhi ¼ 14 y; Philippines ¼ 13 y;

other countries.



TABLE 2
Pooled analysis examining associations between birth weight; condi-
tional weight gain independent of length, and linear length gain in-
dependent of weight z-scores and menarche groups (OR; [95% CI])

Outcome variable: age at
menarche (y)
(N ¼ 3983)

Model 21

Adjusted for site and
maternal education

Early onset vs. other groups
combined

OR (95% CI)

Birth weight (z-score) 1.03 (0.98, 1.09)
Conditional height 2 y (z-score) 1.35 (1.27, 1.44)***
Conditional height mid
childhood (z-score)

1.32 (1.25, 1.41)***

Conditional weight 2 y (z-score) 1.15 (1.08, 1.22)***
Conditional weight mid
childhood (z-score)

1.18 (1.11, 1.25)***

Later onset vs. other groups combined
Birth weight (z-score) 0.97 (0.92, 1.02)
Conditional height 2 y (z-score) 0.74 (0.70, 0.79)***
Conditional height mid-
childhood (z-score)

0.76 (0.71, 0.80)***

Conditional weight 2 y (z-score) 0.87 (0.82, 0.93)***
Conditional weight mid
childhood (z-score)

0.85 (0.80, 0.90)***

Early onset: age at menarche < modal age. Normal onset: age at
menarche ¼ modal age. Late onset: age at menarche > modal age.
Mid-childhood was defined as 102 mo in the Philippines and 48 mo in
all other countries.
*P < 0.05; **P < 0.01; ***P < 0.001. Assessed using a multilevel
ordinal logistic regression.
1 Coefficients for unadjusted models were similar to the adjusted

models.

TABLE 3
Pooled analysis examining associations of birth weight and postnatal
length and weight changes with age at menarche (y); (β-coefficients
[95% CI])

Outcome variable: age
at menarche (y)
(N ¼ 3983)

Model 21

Adjusted for maternal
education β (95% CI)

Birthweight (z-score) �0.01 (�0.06, 0.04)
Conditional height at 24 mo (z-score) �0.17 (�0.24, �0.10)***
Conditional height at mid-childhood
(z-score)

�0.17 (�0.23, �0.11)***

Conditional relative weight at 24 mo
(z-score)

�0.09 (�0.15, �0.03)**

Conditional relative weight at
mid-childhood (z-score)

�0.09 (�0.15, �0.02)**

Mid-childhood was defined as 102 mo in the Philippines and 48 mo in
all other countries.
*P < 0.05; **P < 0.01; ***P < 0.001. Assessed using a multilevel
linear regression.
1 Coefficients for unadjusted models were similar to the adjusted

models.

TABLE 4
Pooled analysis examining associations between birth weight and
conditional height categories (interactions) and age at menarche (y)

Outcome variable:
menarche
(N ¼ 3983)

Model 21

Adjusted for maternal
schooling β (95% CI)

Birth weight and conditional height categories 24 mo
Light-slow Ref.
Light-fast �0.09 (�0.23, 0.05)
Heavy-slow �0.24 (�0.50, 0.02)
Heavy-fast �0.35 (�0.63, �0.07)*

Birth weight and conditional height categories in mid-childhoodv
Light-slow Ref.
Light-fast �0.07 (�0.21, 0.06)
Heavy-slow 0.10 (�0.07, 0.26)

Birth weight and conditional weight categories 24 mo
Light-slow Ref.
Light-fast 0.08 (�0.06, 0.21)
Heavy-slow 0.09 (�0.07, 0.26)

Birth weight and conditional weight categories in mid-childhood
Light-slow Ref.
Light-fast �0.08 (�0.21, 0.05)
Heavy-slow 0.24 (0.07, 0.40)**

Mid-childhood was defined as 102 mo in the Philippines and 48 mo in
all other countries.
*P < 0.05; **P < 0.01; ***P < 0.001. Assessed using a multilevel

linear regression.
1 Coefficients for unadjusted models were similar to the adjusted

models.
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weight gain in both infancy and early childhood were each
associated with a reduction in age at menarche, and hence a
greater likelihood of having a relatively early menarche. The
direction of the associations was consistent across countries,
although not all estimates achieved significance. Girls who were
stunted at the age of 2 y had a later age at menarche than girls
who were not stunted. Extending previous research from the
5

Cebu cohort, we found a synergistic interaction between BW and
postnatal linear growth, such that girls who were both heavier at
birth and were taller at 2 y had an earlier age at menarche
compared with those born light who also experienced lower than
average postnatal growth.

Frisch et al. [19] were the first to hypothesize a “direct rela-
tion between critical weight and menarche” and that this rela-
tionship accounts for the delay in the onset of menarche due to
undernutrition, and why secular trends to earlier age at
menarche are occurring in countries with improved nutrition.
This has been supported by several earlier population studies,
however, greater prepubertal height and BMI have also been
shown to be associated with earlier menarche in high-income
country populations [35]. Leptin, insulin, and other hormones
may accelerate pubertal onset and these biomarker concentra-
tions are considerably higher in overweight or obese girls. [36]

Our work extends previous research in high-income countries to
the LMIC context and highlights not only that absolute weight or
height are important predictors of age at menarche, but that both
greater weight gain and linear growth in infancy and childhood
contribute to an earlier onset of menarche. Exploratory analysis
in the subsample with birth length showed that the earliest age at
menarche was among girls who were born shorter, grew faster
but remained stunted at 24 mo, and those who were born taller
and experienced faster growth, potentially crossing the centile
lines. These findings suggest that the efforts to reduce the burden
of stunting do not simultaneously increase the prevalence of
overweight and obesity and are unlikely to further contribute to
the declining age at menarche.

Interestingly, BW was not associated with age at menarche in
this study, contrary to some findings from high-income countries
(HICs). However, from previous Cebu cohort results, while BW



TABLE 5
Age at menarche (mean (SD)) among girls in 5 birth cohort studies in
low- or middle-income countries, by stunting category at age 24 mo

Study site Not stunted at 24 mo Stunted at 24 mo

Mean (SD) N Mean (SD) N

Brazil 12.3 (1.4) 1662 12.8 (1.7)*** 88
Guatemala 13.4 (1.4) 35 13.5 (1.3) 119
India 13.5 (1.2) 268 14.0 (1.2)*** 219
Philippines 12.9 (1.0) 378 13.3 (1.0)*** 558
South Africa 12.6 (1.2) 540 12.9 (1.2)* 116
All sites 12.6 (1.4) 2883 13.3 (1.3)*** 1200

*P < 0.05; **P < 0.01; ***P < 0.001. Assessed using a t-test.
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was not a predictor, body proportion was; indicating that it is
important to not discount a potential prenatal effect [21].
Furthermore, Adair [21] concluded that there is an important
maturational trajectory established prenatally, but also affected
by postnatal growth. In our analyses, girls who were heavier at
birth and had faster linear growth (but not larger relative weight
gain) experienced a lower age at onset of menarche compared
with girls who were lighter at birth and had slower linear growth
between birth and 2 y. Additionally, we showed that being heavy
at birth and having slower weight gain between 2 y and
mid-childhood was associated with a delay in age at menarche.

In LMICs, where child malnutrition is widespread and height
is linked to educational, health, and economic outcomes [37]
and with offspring health [38], early menarche may be an
important intermediate factor. Studies in Europe have shown
that constrained prenatal growth may accelerate progression to
menarche and shortens growth spurt durations, possibly result-
ing in shorter attained height [39]. A recent systematic review
highlighted that an early onset of menarche was associated with
early sexual debut, adolescent pregnancy, and some sexually
transmitted infections in LIMCs [40]. In the South African
cohort, both height and BMI in early childhood predicted the
trajectory of pubertal development; furthermore, the progression
through puberty modified the relation between prepubertal and
adult body size suggesting that an early onset of puberty may
place girls at a greater risk of developing overweight or obesity in
adulthood [41,42].

Given that a large number of studies have been carried out in
HICs, our study that used data from 5 LMICs offers a valuable
contribution to the literature. We were able to obtain a large
sample with common data points, which allowed us to charac-
terize early childhood growth patterns in detail, assessing the
independent and joint contributions of body size and growth. A
limitation in the current analyses is that not all cohorts had access
to data on length at birth, which precluded the assessment of
relations between different birth length combinations and
menarche. We also did not adjust for feeding patterns, both in
childhood and adolescence. There was variability in age and
consequently anthropometric measurements at the mid-
childhood time point between the Philippines versus other co-
horts. Although children in the Philippines were closer to puberty,
none had reached puberty at this stage. Additionally, we con-
verted the anthropometric data to conditional variables, which
assessed the growth rate between 2 time points, making the data
comparable. Although the findings were not weighted for differ-
ences in sample size between the sites, data were pooled using
mixed-effects modeling, which handles imbalanced data well.
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In conclusion, age at menarche is related to weight gain (as
postulated many decades ago) but also to linear growth. Given
the known associations between BW, early growth, and the adult
outcomes of schooling, attained height, body composition, blood
pressure, and impaired fasting glucose [34,43–46], and the
emerging evidence that puberty may be an important interme-
diate product of earlier growth and a mediator of adult out-
comes, it is of critical importance to better understand the
relation of pubertal timing to later adult health outcomes. Rapid
linear growth, regardless of birthweight status was associated
with an earlier age at menarche. Faster linear growth between
birth and 2 y was associated with an earlier age at menarche
among girls who were born shorter and remained stunted and
those who were born taller but grew excessively. Slower weight
gain between 2 and 4 y was associated with a delay. Thus, these
findings do not deter the global health goal to reduce growth
faltering but further emphasize the potential adverse effects of an
obesogenic environment on adolescent behavioral risks and the
potential future vulnerability of children who experience inad-
equate catch-up growth.
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