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Chapter 1
Introduction
Overview

Menarche, the first menstrual period, is a recognizable marker of puberty. The timing of
menarche has important public health ramifications because an early age at menarche is
associated with breast and endometrial cancers, obesity, type Il diabetes, cardiovascular disease,
and all-cause mortality (1-4). Secular trends and between-country variability in age at menarche
suggest that the onset of puberty is responsive to changing environmental conditions.
Nevertheless, the specific environmental factors that influence age at menarche remain largely
unidentified. In this dissertation we first examine sociodemographic influences on recent trends
in age at menarche using nationally-representative data from Colombia. Next, because
exposures occurring during the prenatal period are thought to play a role in the timing of sexual
maturation (5), we evaluate prenatal factors related to season and altitude that are not well
understood in relation to menarche. We finally consider the role of childhood diet. In particular,
higher animal food and/or animal protein intake might be related to an earlier age at menarche
(6). Nevertheless, individual food items such as red meat have not been sufficiently examined. In
summation, the overarching aim of this work is to gain a more complete understanding of the
sociodemographic correlates related to recent trends in menarche in a population undergoing the
nutrition transition, and to identify environmental predictors of menarche that may be amenable

to public health intervention.



Specific Aims

This work aims to describe recent trends and correlates in age at menarche in Colombia, and to
investigate the relations of several specific environmental predictors with age at menarche.
Aim 1: To describe the median age at menarche and the recent trends in Colombian girls born
1992-2000 using nationally representative data from Colombia’s 2010 National Nutrition Survey
(ENSIN). We will also assess the relation of menarche with the contextual sociodemographic
factors urbanicity, wealth index, and ethnicity. Finally, we will ascertain whether the recent
trends in menarche are homogenous with respect to levels of urbanicity, wealth index, and
ethnicity.

Aim 2: To examine whether a higher number of gestation days exposed to the rainy season is
associated with an earlier age at menarche in Colombia, using nationally representative data from
the 2010 ENSIN survey. In addition, we will ascertain whether there is a positive relation
between altitude of residence and age at menarche. Finally, we will determine whether the
association between gestation days exposed to the rainy season and menarche is modified by
altitude of residence.

Aim 3: To evaluate in a prospective study whether red meat intake frequency at 6-12 y of age is
related to age at menarche in a group of low- and middle- income school-aged girls from Bogota,

Colombia during a median 5.6 years of follow-up.



The importance of menarche in public health

The age at menarche is the age of a girl’s first menstruation. Menarche occurs towards the
end of the sexual maturation process, typically after the initiation of breast and pubic hair
development and during the deceleration of the growth spurt (7). The initiation of menstruation
is an easily identifiable and memorable event in a girl’s life, making it a valuable marker of the
presence of puberty in epidemiological studies.

There is wide variability in the timing of menarche between populations and a secular
decline toward earlier menarche within populations. This indicates that although the timing of
menarche is heritable to some degree (8), it may be sensitive to environmental and
socioeconomic conditions at the population level. In higher-income countries, girls from families
of higher socioeconomic status have later ages at menarche compared to girls from families of
lower socioeconomic status (9). For example, a longitudinal study among 251 women from the
UK found that those from the highest socioeconomic status, measured by paternal occupation,
had menarche on average 7.8 months later than those of lowest socioeconomic status. In
contrast, in the context of lower-income countries, socioeconomic status is inversely associated
with age at menarche (7, 10). For example, recent studies in Nigeria and Bangladesh found that
girls from families of higher socioeconomic status, as indicated by parental education and/or
occupation, had an earlier age at menarche compared to girls from families of lower
socioeconomic status (11, 12). In Nigeria, the difference in age at menarche comparing the
highest socioeconomic status girls to the lowest was 9.4 months, and in Bangladesh it was 2.8
months. The age at menarche also is variable over time. In low and middle-income settings,
improvements of socioeconomic, hygienic, and nutritional conditions are typically followed by
declines in the timing of puberty onset. This is apparent in the documented decline in age at

menarche in the last few centuries (13). For example, the mean age at menarche in Europe
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declined from approximately 15-17 years in the 1800s to 13-13.5 years in the mid-1900s (14),
and currently is about 12-12.5 years (15). Whereas the age at menarche seems to have slowed or
leveled off in some higher-income countries such as the US (13) and Greece (16), there is a
continued secular decline in age at menarche in many regions of the world (e.g. Thailand, India,
and South Africa (17-19)).

From a public health perspective, differences in the timing of menarche at the population
level are important because they could be linked to differences in health outcomes. In adulthood,
an earlier age at menarche is associated with breast and endometrial cancers, obesity, type 11
diabetes, cardiovascular disease, and all-cause mortality (1-4). In addition, early menarche has
been related to risk factors during adolescence including alcohol and tobacco use, early sexual
debut, and teenage pregnancy (20, 21).

There is not a consensus on specific cutpoints for an early menarche. Some studies have
arbitrarily defined early menarche as the event occurring <12 y of age (22), while others defined
it as <11y of age (23). One likely reason that there are not standard definitions of early
menarche is the wide variability in average ages at menarche between populations. Nonetheless,
the finding that earlier ages at menarche are related to adverse health outcomes is not unique to
particular regions or resource settings. For example, although much of the research linking an
earlier age at menarche with cardiometabolic outcomes later in life has been from higher income
and Western settings, studies in Taiwan and Argentina found that girls with earlier ages at
menarche had higher risk of metabolic syndrome, measured by waist circumference, blood
glucose, triglycerides, cholesterol, and blood pressure (22, 24). Similarly, the association
between an earlier menarche and higher risk of breast cancer is not specific to high income

settings, evidenced by studies in Tunisia and Bangladesh (25, 26). Thus, although a downward



trend in the age at menarche may be a sign of overall improvements in socioeconomic and
nutritional conditions, a decline in the age at menarche at the population level deserves public
health recognition because it can act as an early indicator for ensuing increases in teenage
pregnancy, breast cancer, obesity, and type Il diabetes (27).

Considering that changes in age at menarche at the population level have public health
ramifications, there should be increased surveillance of this endpoint, especially in low and
middle-income countries that may be currently undergoing the epidemiologic and nutrition
transition. Colombia, a nation of 48 million people, is classified as a middle income country (28).
A high proportion (over 70%) of the population currently resides in urban areas; urban
population growth was primarily driven by armed conflicts starting in the 1950s and
industrialization of major economic centers in the 1970s (29). Increases in urbanization and
economic development have coincided with an ongoing nutrition transition in Colombia. This
refers to shifts in diet and physical activity characterized by higher rates of sedentary behavior
and diets higher in sugar, fat, and animal source foods(30). One outcome typically associated
with the nutrition transition, obesity, is most evident among certain groups in the Colombian
population, including women, those in urban areas and those of highest socioeconomic status;
although obesity prevalence is increasing at a faster rate in lower socioeconomic groups
compared to higher socioeconomic groups (31). It is unknown how the nutrition transition has
affected the timing of menarche among Colombian girls; although an increase in the prevalence
of adolescent pregnancy from 13% in 1990 to 22% in 2005 may be suggestive of an earlier
average age at menarche at the population level (32). Examining the age at menarche on a

national scale provides valuable information on the effects of the nutrition transition in Colombia



and allows us to identify subgroups in the population whose age at menarche is declining fastest

and may be at the highest risk of teenage pregnancy and breast cancer.

Environmental predictors of the timing of menarche

Considering that the timing of menarche is responsive to environmental influences, it is
relevant to investigate environmental exposures that could be most amenable to public health
interventions. Although changes in socioeconomic and sanitary conditions are related to declines
in the age of pubertal onset at the population level, these factors alone are not sufficient to
explain all of the observed variability in menarche, and they do not address the biological
mechanisms that link particular environmental factors with the timing of puberty. Nevertheless, a
number of environmental exposures have been investigated in the literature as potential
predictors of an earlier age at menarche, including higher intrauterine androgen exposures (33),
lower physical activity levels (34), environmental toxicant ingestion such as bisphenol A (35),
higher animal protein intake during childhood (36), early-life psychosocial factors like child
abuse (37), and lower maternal breastfeeding (38). However, inconsistent or contradictory
findings exist for most of these relations. In addition, many early life exposures have not yet

been well-examined.

Prenatal influences on age at menarche

Some authors propose that the timing of menarche could be set very early in life, due to
gestational programming effects that affect the tempo of sexual maturation (5). In support, there
IS some evidence to suggest that intrauterine exposures are related to the timing of menarche (33,
39). For example, the ratio of the length of the second to the fourth finger, thought to be a marker

of prenatal androgen exposure has been positively related to menarche among Colombian girls
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(33). To further illustrate, a prospective study in Denmark showed that maternal smoking during
pregnancy was associated with an earlier age at menarche (40). In contrast, there has been no
relation observed between some prenatal exposures, such as gestational diabetes, with
menarcheal age (39).

Seasonal variation is one prenatal environmental factor that could potentially affect the
health of the developing fetus. For example, seasonal changes in sunlight availability affect the
endogenous production of vitamin D (41) and photoperiod-mediated melatonin production (42).
Seasonal changes also result in differences in infectious disease rates (43), as the causative
agents have differential survival depending on environmental conditions. In addition, food
availability or diversity can also vary seasonally (44). Higher exposure to particular seasonal
factors such as undernutrition or infection during the prenatal period could act as a prediction of
extrauterine conditions and may signal the offspring to adjust their development strategy in a
way to optimize survival and reproductive potential (5). Specifically, it is proposed that
undernutrition or stress during the prenatal period could be related to accelerations in the timing
of menarche, particularly if there is a mismatch in the nutritional conditions (e.g. overnutrition)
during childhood. There have been a few studies examining the relation of season of birth with
age at menarche, although with mixed results. A recent study among Polish women found that
those born in the summer months had earlier ages at menarche compared to those born during
other months of the year (45). In contrast, studies in the UK, US, Denmark, and Italy reported no
association between season of birth and age at menarche (46-49). Nonetheless, these studies
were all within the context of temperate climates. It may be particularly relevant from a public
health standpoint to examine associations between season during gestation and age at menarche

in a tropical climate, because many regions with tropical climates are also low and middle



income settings where seasonal differences such as food shortages could affect health more
drastically.

Another environment-related factor that has the potential to affect human health is
altitude. As elevation increases, oxygen availability, temperature, and humidity decreases
whereas ultraviolet radiation increases (50). In regions of high altitude, oxygen deprivation
during development could be linked to adaptive responses that compensate for the increased
energy requirements necessary for higher lung and chest development by delaying the timing of
puberty (51). In support, studies in Peru and Bolivia found that girls born in altitudes >3000 m
had older ages at menarche compared to girls living at lower elevations (52-54). However,
previous studies were limited by potential residual confounding due to socioeconomic status,
making it challenging to disentangle true altitude effects from large differences in socioeconomic
status.

Colombia provides a valuable setting for exploring the questions related to season and
altitude considered above. First, Colombia is located close to the equator which allows a unique
opportunity to evaluate the prenatal season question in a tropical climate. Secondly, the Andes
mountain range runs through central Colombia, meaning that there is a wide range of altitudes in
which Colombians reside. This provides adequate variability to observe an association between
altitude and menarche, which may have been a limitation in other studies (55). Considering that
the prenatal period is a critical window of environmental susceptibility, gaining new insights into
how perinatal climate-related factors affect the timing of menarche could have important

implications for pregnant women.



Childhood nutritional influences on age at menarche

Of the childhood environmental factors affecting age at menarche, nutrition may be
among the most relevant. Nutritional influences on age at menarche are plausible from a
biological standpoint because availability of energy, protein and nutrients essential for sustaining
pregnancy and healthy offspring may act as a signal on the body to initiate puberty. Changes in
energy balance could be one important signal of the capability for reproduction. According to the
“Frisch hypothesis,” a critical body fat percentage must be achieved prior to the initiation of
puberty. The notion was conceived in the 1970s, when Frisch et al. noted that whereas age at
menarche was highly variable across human populations, attained weight at menarche seemed
relatively homogeneous (56, 57). Further research led them to hypothesize that onset of puberty
in girls was triggered only when total body fat reached about 17% (58). Although this
hypothesis initially sparked controversy (59), many longitudinal studies have since reported an
inverse association between childhood adiposity and age at menarche (60, 61).

Particular foods and/or nutrients may also be implicated in the timing of menarche, either
as a precursor to changes in energy balance or as an independent predictor of pubertal timing.
Childhood protein and/or animal food intake is one macronutrient group that has been examined
in epidemiologic studies for its potential role on the timing of puberty. Some evidence indicates
that intake of animal foods such as milk during childhood may be related to earlier onset of
puberty. Gunther and colleagues reported that protein intake from cow milk and dairy products
was related to earlier pubertal growth spurt and peak height velocity among 112 German boys
and girls (62). Similarly, a prospective study of 134 Iranian girls found that those with milk
intake >34 g/day at 9 y of age had higher odds of early menarche than girls with milk intake <34
g/day (63). Using data from the National Health and Nutrition Examination Survey, Wiley et al.

found that higher milk consumption at 5-12 y among 2057 US girls was associated with an
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earlier age at menarche (64). In other studies, dairy intake has not been related to onset of
puberty (65).

Meat intake has also been implicated in the timing of puberty. In a cohort study of 3298
girls from Southwest England, those with the highest meat intake at 3 and 7 y of age had greater
odds of menarche at 12.5 y than girls in the lowest meat intake category (66). Of note, protein
intake at age 10 y was not related to menarche, which could indicate an age-specific effect. Ina
small study of girls from the US, animal protein intake at 3-8 y of age was related to earlier
menarche (67). Similarly, among German girls, intakes of total and animal protein at 5-6 y of age
were related to early age at menarche (62). Another investigation of 230 US girls found that girls
who consumed meat at age 9-15 y had menarche an average 6 months earlier than girls with a
vegetarian diet at baseline (68), although the estimates were not adjusted for potential
confounders. In contrast, Carwile et al. reported no association between meat intake at age 9 y
and age at menarche in 5583 US girls after adjustment for sociodemographic and nutritional
potential confounders (65). One possible explanation for this discrepancy is differences in the
timing of dietary assessments because intake around the time of puberty onset may be less

relevant than earlier childhood diet (65, 66).

Relatively few studies have examined childhood intake of specific animal food groups in
relation to menarche, including red meat. This is surprising given the focus on red meat intake
during adulthood as a risk factor for cardiovascular disease and cancer (69). A recent
investigation found that red meat intake during adolescence was related to higher breast cancer
risk (70). Considering that early menarche is a predictor of breast cancer (1), it is possible that

red meat intake during childhood could be associated with an earlier menarche.

10



An examination of childhood diet, red meat sources in particular, with the age at
menarche is highly relevant from a public health standpoint because it could provide evidence of
the relative importance of childhood diet in relation to puberty, and it may have implications for
potential public health intervention. This research question is also salient within the context of
Colombia because red meat intake is expected to increase in populations experiencing a nutrition

transition (71).
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Summary of Chapters

In summation, this dissertation work aims to add knowledge on the early life determinants of
menarche in a few instrumental ways. Describing the age at menarche is useful for monitoring
the effects of changing environmental and socioeconomic conditions on child populations and to
identify populations who may be most vulnerable to the adverse health outcomes of an earlier
menarche. Thus, in the second chapter, we will describe the trends and correlates in age at
menarche in the Colombian population, a country currently undergoing the epidemiologic and
nutrition transition. We also seek to evaluate a few specific environmental predictors of an
earlier age at menarche that are currently understudied and may be amenable to public health
intervention. In the third chapter, we examine how the perinatal exposures of season and altitude
are related to the age at menarche, using data from Colombia’s 2010 National Nutrition Survey.
In the fourth chapter we focus on how childhood red meat intake is associated with the timing of
puberty in the context of a longitudinal study among 456 schoolgirls from Bogota, Colombia.
Finally, we summarize the chapters and consider the public health relevance of the findings in

chapter five.
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Chapter 2

Trends and correlates of age at menarche in Colombia:

results from a nationally representative survey

Erica C. Jansen, Oscar F. Herran, and Eduardo Villamor
ABSTRACT

Surveillance of age at menarche could provide useful information on the impact of changing
environmental conditions on child health. Nevertheless, nationally-representative data are
exceedingly rare. The aim of this study was to examine trends and sociodemographic correlates
of age at menarche of Colombian girls. The study sample included 15 441 girls born between
1992 and 2000 who participated in the Colombian National Nutrition Survey of 2010. We
estimated median menarcheal age using Kaplan-Meier time-to-event analyses. Hazard ratios with
95% confidence intervals were estimated with Cox regression models. The median age at
menarche was 12.6 years. There was an estimated decline of 0.54 years/decade (P<0.001) over
the birth years; this decline was only observed among girls from urban areas, and was more
pronounced among girls from wealthier versus poorer families. Higher family wealth was related
to earlier menarcheal ages whereas Indigenous ethnicity was associated with later ages at
menarche. In conclusion, a negative trend in age at menarche is ongoing in Colombia, especially

in groups most likely to benefit from socioeconomic development.
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INTRODUCTION
Age at menarche, a measureable indicator of puberty onset, is a sensitive marker of

environmental and socioeconomic conditions at the population level (1). In lower-income
countries, socioeconomic status is inversely associated with age at menarche, and improvements
of socioeconomic conditions are typically followed by declines in the timing of puberty onset (2,
3). For example, recent studies in Nigeria and Bangladesh found that girls from families of
higher socioeconomic status, as indicated by parental education and/or occupation, had an earlier
age at menarche compared to girls from families of lower socioeconomic status (4, 5).
Monitoring age at menarche at the country level could be highly relevant to document the
effects of environmental conditions on child health because an earlier timing of puberty is related
to adverse health outcomes during adolescence such as teenage pregnancy (6-8), lower final
height (9), and higher risk of adult disease risk and all-cause mortality (10-12). Nevertheless,
availability of data on age at menarche at the national level is exceedingly rare (13). The
Colombian National Nutrition Survey of 2010 for the first time included a question on age at
menarche among girls. Whereas a previous investigation documented a negative trend in age at
menarche in this country (14), the study sample was not representative. The availability of
nationally-representative data on menarche in Colombia constitutes an unprecedented
opportunity to examine recent trends and correlates of the timing of puberty in a country
undergoing rapid political and economic transformations. The aim of this study was to examine
recent trends and socioeconomic correlates of age at menarche of Colombian girls born between

1992 and 2000, using data from a nationally-representative survey.
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METHODS
Study Population

The Colombian National Nutrition Survey (ENSIN) was conducted in 2010 by the
Colombian Institute of Family Welfare (Instituto Colombiano de Bienestar Familiar, ICBF) in
conjunction with the Colombian Demographic and Health Survey (ENDS). Briefly, a multistage
stratified sampling scheme was employed to select participants representing 99% of the
Colombian population. All municipalities from the thirty-two departments in the country were
grouped into strata based on similar geographic and sociodemographic characteristics. One
municipality was randomly chosen from each stratum with the probability of being chosen
proportional to the population size. Clusters of about ten households were randomly selected
within strata and all household members were invited to participate. A total 50 670 households
were included, representing 4987 clusters from 258 strata.

Trained personnel administered questionnaires to the head of each household to obtain
demographic information as well as wealth measures. Anthropometric measurements were
collected on each member of the family with standardized techniques and calibrated instruments.
Research personnel measured height with a stadiometer (Disefios Flores SR. Ltda, Lima, Peru) to
the nearest millimeter, and weight with SECA 872 scales to the nearest 100 grams. Girls aged 10
to less than 18 years were asked to recall the age in years and months when their first menstrual
period had occurred or if it had not yet occurred.

2.2. Data Sources

The survey included 188 599 people; 16 940 were girls 10 to <18 years of age. We

excluded 1499 girls with missing information on menarche or who answered “don’t know” to the

question on age at menarche. The final sample comprised 15 441 girls born 1992-2000.
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The primary outcome was age at menarche, estimated in decimal years. The exposures
were year of birth, race/ethnicity, urbanicity, and wealth index. Other covariates included
maternal education level and country region. Race/ethnicity was categorized as Indigenous,
Afro-Colombian (survey response options black/mulato/Afro-Descendant, raizal, or
Palenquero), or Mestizo-Caucasian (all others). Urbanicity was categorized as urban, small
village, or disperse rural area. A continuous index representing household wealth was quantified
by principal component analysis of various socioeconomic indicators including household assets,
type of flooring, number of bedrooms per person and mode of transportation. This variable was
categorized into quintiles.

Ethical Considerations

Participation consent was obtained prior to enrolment by the ICBF. The Health Sciences
and Behavioral Sciences Institutional Review Board at the University of Michigan determined
that analyses of these anonymized data were exempt from review.

Statistical Analysis

Analyses were conducted with the use of the complex survey design routines of Stata
statistical software package version 13 (StataCorp, College Station, TX, USA). We utilized time-
to-event analytic techniques including the Kaplan-Meier method and Cox proportional hazards
models because these methods properly account for right-censoring in the data (15) due to the
inclusion of both pre- and post-menarcheal girls. These methods allow to combine information
on menarcheal age from post-menarcheal girls with the last known age when menarche had not
occurred from pre-menarcheal girls in the estimation of the population median age at menarche.

In addition, proportional hazards modelling provides interpretable probability ratios of menarche
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by categories of predictors. This cannot be achieved with other methods, including the “status
quo,” which is used to estimate the median age at menarche of a population (16).

We estimated the weighted median age at menarche by categories of predictors using
Kaplan-Meier cumulative probabilities from birth. For girls who had not yet experienced
menarche, the censoring time was age at interview, estimated as date of interview minus
birthdate. Cox proportional hazards models were used to estimate hazard ratios of menarche,
accounting for the complex survey design. For ordinal predictors, we conducted tests for linear
trend by introducing into the model a variable representing ordered categories as a continuous
covariate. For nominal characteristics, we conducted Type 111 Wald Tests. Adjusted hazard ratios
and 95% confidence intervals (95% CI) were estimated with a model that included all predictors,
maternal education, and region. To address issues of potential reverse causation and potential
outcome misclassification among the oldest girls, we conducted supplemental analysis of the
sociodemographic correlates of menarche, restricting to girls 10-14 y at the time of the survey.

We examined the relation of year of birth and age at menarche overall and stratified by
levels of urbanicity, wealth, and race/ethnicity. Birth years 1998 through 2000 were combined
because <10% of girls born after 1998 had experienced menarche at the time of interview and
statistical power was very low for years 1999 and 2000 separately. Trends in age at menarche
over time (years/decade) were estimated as the slope of linear regression models with median
age at menarche as the outcome and year of birth as the predictor. The statistical significance of
these trends was determined using tests for linear trend for year of birth in multivariable Cox
proportional hazards models. Interactions were tested with the use of Type I11 Wald tests in Cox

regression. All tests incorporated the complex survey design.
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RESULTS

The mean £ SD age of girls at the time of the interview was 13.9 + 2.3 years. The
weighted proportion (%) of girls with menarche was 0, 3.5, 16.6, 48.9, 78.5, 94.2, 98.7, 99.9, and
99.8 for girls ages 9, 10, 11, 12, 13, 14, 15, 16, and 17 years respectively. Thirty-three percent of
participants had not experienced menarche and were censored.

The weighted estimated median age at menarche was 12.6 years (IQR 12.0 to 13.5 years).
Age at menarche was inversely related to year of birth (Table 1.1). The difference in median age
at menarche between girls born in 1992 and those born between 1998 and 2000 was 5.04 months,
with an estimated decline of 0.54 y/decade (P<0.001).

Next, we examined the associations of contextual sociodemographic characteristics with
age at menarche. In bivariate analysis, age at menarche was inversely associated with the girls’
wealth index (Table 1.1). In addition, age at menarche was positively related to Indigenous
ethnicity and living in non-urban areas. After multivariable adjustment, urbanicity was not
significantly associated with menarche, while the associations with the other indicators were
slightly attenuated. Indigenous girls had a later age at menarche than Mestizo-Caucasian girls
(HR 0.86 95% CI 0.78 to 0.96; P=0.003), whereas being in the highest quintile of wealth was
related to an earlier age at menarche (HR 1.55 95% CI 1.40 to 1.72; P<0.001) than being in the
lowest. Estimates remained essentially unchanged when restricted to girls aged 10-14 y at the
time of the survey (Table 1.2).

The association between year of birth and age at menarche varied significantly by
urbanicity and wealth. While there was little decline in age at menarche over the birth years in
small villages or rural areas (0.17 y/decade; P=0.55), in urban areas there was an estimated

decline of 0.60 y/decade (P<0.001) (Figure 1.1; P, test for interaction=0.04). Similarly, among
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girls in the lowest quintile of wealth, there was no substantial decline in menarche over time
(0.10 y/decade; P=0.90); whereas there was a negative trend of 0.65 y/decade (P<0.001) among
girls in wealth quintiles 2 through 4, and a decline of 0.58 y/decade (P<0.001) among girls in the
highest quintile of wealth (Figure 1.2; P, test for interaction=0.02). Finally, the trend in age at
menarche by year of birth was similar between Mestizo-Caucasian (0.63 y/decade, P<0.001) and
Afro-Colombian girls (0.53 y/decade, P=0.21), but lower among Indigenous girls (0.11 y/decade,
P=0.50). Nevertheless, the interaction was not statistically significant (Figure 1.3, P, test for

interaction=0.30).
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DISCUSSION

While there are no other recent nationally-representative estimates in the region to
compare; our estimate of median age at menarche in Colombia (12.6 years), is younger than
figures recently reported in Argentina (12.8 y, (17)), but older than figures from Chile (12.4 y,
(18)), and Brazil (12.1y, (19)). Age at menarche in Colombia is comparable to recent estimates
from Canada (12.7 y, (20)) and China (12.5 y, (21)); but older than in the US (mean 12.3 y, (6))
and Italy (mean 12.4 y,(22)). Menarcheal ages in urban Turkey (13.1y, (23)), rural India (13.0 y,
(24), and rural Gambia (14.9 y, (25)) are older than Colombia’s. The decline in age at menarche
of girls in Colombia born 1992 to 2000 (=0.54 y/decade) is very close to the estimated decline of
0.55 y/decade of Colombian women born 1941 to 1989 (14); which suggests that the timing of
sexual maturation in this country has not stabilized. This decline probably reflects ongoing
socioeconomic changes considering that it was observed only in urban areas and was more
pronounced in higher versus lower socioeconomic status groups.

There persists a socioeconomic gradient in age at menarche in Colombia, apparent from
our finding that higher wealth index was linearly related to earlier age at menarche. Similar
associations have been recently reported in Brazil (26) and Argentina (17); and generally
corroborate the notion that age at menarche is still a sensitive indicator of the “material and
moral condition” of these societies (27). While ethnic differences in adult height have been
reported in Colombian population samples, with Afro-Colombians being taller than other groups
(28), we found no differences in age at menarche between Afro-Colombians and Mestizo-
Caucasians. Similarly, the trend toward earlier menarche did not differ between these groups.
Differences in birth cohorts and in the representativeness of the populations under study may
explain discrepancies with previous studies. We noted that menarche of Indigenous girls was

delayed compared to that of Mestizo-Caucasians. Poorer socioeconomic and nutritional
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conditions among Indigenous groups compared to Mestizo-Caucasians (28) could explain this
difference. It might also be related to differences in the chronological perception and reporting
of this event, but we had no data to explore this possibility.

There are some limitations to consider in these analyses. The fact that this is a cross-
sectional survey means that that the urbanicity and wealth index of the girls at the time of the
survey might not be reflective of the urbanicity and wealth index status before the occurrence of
menarche. Bias may also occur if error in the recall of menarcheal age varied according to the
sociodemographic correlates under study. Although the validity of recalled age at menarche has
not been investigated in this country, validation studies in comparable settings indicate that the
short-term recall of menarche is reliable (29, 30). Furthermore, in supplemental analysis
restricting to girls 10-14 y at the time of the survey, estimates were not substantially different
than those with the full sample including older girls who may not recall menarche as reliably.
Another limitation of the study is the presence of missing data, which could result in selection
bias if the probability of inclusion in the analysis was related to both age at menarche and the
predictors examined. Percentages of eligible girls excluded due to missing menarche information
ranged from 9.3% in the Eastern region to 3.4% in Bogota. Some girls in the sample were from
the same families and we were unable to incorporate this household clustering in the estimation
of variances. Nevertheless, the within-household component of the variances is likely negligible
compared to that arising from clustering of households as sampling units (31), which was fully
accounted for. Finally, the survey was limited by not having asked the age at menarche of
women >18 years of age. This prevented us from examining longer-term trends. It also precluded

an analysis of age at menarche in women who had attained final height.
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In sum, a negative trend in age at menarche is still ongoing in Colombia, especially in
urban areas and higher socioeconomic groups. These groups may be in greatest need of public
health interventions aimed to reduce teenage pregnancy and breast cancer. Continued monitoring

of age at menarche and its sociodemographic determinants in Colombia is warranted.
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Table 1.1 Menarche of Colombian girls born 1992 to 2000

according to sociodemographic characteristics

N* Median age at Unadjusted Adjusted
menarche, years’ hazard ratio® hazard ratio*
(95% CI) (95% CI)
Overall 15441 12.6
Year of birth
1992 969 13.0 1.00
1993 1804 12.8 1.09 (1.00, 1.19)
1994 1952 12.8 1.13(1.04, 1.24)
1995 1911 12.5 1.26 (1.16, 1.37)
1996 1964 12.5 1.35(1.23, 1.47)
1997 1975 12.5 1.28 (1.15, 1.41)
1998-2000° 4828 12.6 1.16 (1.02, 1.30)
P trend® <0.001
Race/ethnicity
Mestizo-Caucasian 11889 12.6 1.00 1.00
Indigenous 1836 13.0 0.71 (0.66, 0.77) 0.86 (0.78, 0.96)
Afro-Colombian 1716 12.7 0.98 (0.91, 1.05) 1.07 (0.97, 1.18)
P <0.001 0.003
Urbanicity
Urban centre 10293 125 1.00 1.00
Small village 3237 13.0 0.77 (0.72,0.82) 0.97 (0.89, 1.05)
Disperse population 1911 13.0 0.76 (0.71, 0.82) 1.01 (0.93, 1.10)
P <0.001 0.68
Wealth index, quintiles’
Q1- poorest 5220 13.0 1.00 1.00
Q2 3764 12.8 1.17 (1.09,1.25)  1.15(1.07, 1.24)
Q3 2852 12.5 1.34 (1.25, 1.43) 1.31(1.20, 1.42)
Q4 2059 12.3 1.47 (1.37, 1.59) 1.41 (1.28, 1.55)
Q5- wealthiest 1546 12.2 1.57 (1.46,1.71)  1.55(1.40, 1.72)
P trend <0.001 <0.001

! Totals may be less than 15 441 due to missing values.
2 From Kaplan-Meier survival probabilities

® From Cox proportional hazards models with age at menarche as the outcome and each predictor
as the covariate. Girls who had not experienced menarche were censored on the date of

interview.

* From a Cox proportional hazards model with age at menarche as the outcome and predictors
that included indicator variables for all variables presented in the model in addition to maternal

education and region.
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® Sample sizes for years 1998, 1999, and 2000 were, respectively, 1899, 2038, and 891. The
years were combined because <10% of girls born after 1998 had experienced menarche at the
time of interview.

® For ordinal variables, tests for linear trend are from Cox proportional hazards models in which
a variable representing ordinal categories was introduced as a continuous predictor. For
race/ethnicity and urbanicity, P values are from Type 111 Wald tests. All tests incorporated the
complex survey design.

" The wealth index is a composite measure of household’s cumulative living standard. It is
calculated from the ownership of home assets, materials used in housing construction, and type
of water supply and sanitation facilities.
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Table 1.2 Menarche of Colombian girls aged 10-14 y at time of survey,
according to sociodemographic characteristics

N* Median age at Unadjusted Adjusted
menarche, years® hazard ratio® hazard ratio*
(95% CI) (95% CI)
Total 9896 12.5
Year of birth
1995 1074 12.4 1.00
1996 1964 12.5 1.01 (0.92, 1.10)
1997 1975 12.5 0.96 (0.86, 1.07)
1998-2000° 4865 12.6 0.86 (0.75, 0.97)
P, trend® 0.02
Race/ethnicity
Mestizo-Caucasian 7565 125 1.00 1.00
Indigenous 1206 13.0 0.67 (0.58,0.79)  0.84 (0.70, 1.00)
Afro-Colombian 1125 12.6 0.91(0.82,1.02) 1.03(0.91,1.16)
P <0.001 0.11
Urbanicity
Urban centre 6481 12.3 1.00 1.00
Small village 2167 12.9 0.71(0.63,0.78)  0.98 (0.86, 1.11)
Disperse population 1248 13.0 0.69 (0.62,0.77)  0.96 (0.84, 1.10)
P <0.001 0.83
Wealth index, quintiles’
Q1- poorest 3450 13.0 1.00 1.00
Q2 2418 12.8 1.20(1.08,1.33) 1.12(1.00, 1.26)
Q3 1828 12.3 1.55 (1.40,1.72)  1.40 (1.23, 1.59)
Q4 1261 12.2 1.63(1.44,1.84) 1.45(1.26,1.67)
Q5- wealthiest 939 12.0 1.89 (1.67,2.15)  1.63(1.40, 1.90)
P trend <0.001 <0.001

! Totals may be less than 9,896 due to missing values.

2 From Kaplan-Meier survival probabilities

® From Cox proportional hazards models with age at menarche as the outcome and each predictor
as the covariate. Girls who had not experienced menarche were censored on the date of
interview.

* From a Cox proportional hazards model with age at menarche as the outcome and predictors
that included indicator variables for all characteristics presented in the table in addition to
maternal education and region.

® Sample sizes for years 1998, 1999, and 2000 were, respectively, 1899, 2038, and 891. The
years were combined because <10% of girls born after 1998 had experienced menarche at the
time of interview.

® For ordinal variables, tests for linear trend are from Cox proportional hazards models in which
a variable representing ordinal categories was introduced as a continuous predictor. For
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race/ethnicity and urbanicity, P values are from Type 111 Wald tests. All tests incorporated the
complex survey design.

" The wealth index is a composite measure of household’s cumulative living standard. It is
calculated from the ownership of home assets, materials used in housing construction, and type
of water supply and sanitation facilities.
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Figure 1.1 Median ages at menarche by year of birth in Colombia, stratified by urbanicity;
Colombian National Nutrition Survey 2010, n=15 441.
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Figure 1.2 Median ages at menarche by year of birth in Colombia, stratified by wealth index;
Colombian National Nutrition Survey 2010, n=15 441.
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Figure 1.3 Median ages at menarche by year of birth in Colombia, stratified by race/ethnicity;
Colombian National Nutrition Survey 2010, n=15 441.
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Chapter 3
Prenatal exposure to the rainy season and low altitude of residence
are associated with earlier age at menarche in a tropical climate:

results from a nationally representative study

Erica C Jansen, Oscar F Herran, Nancy L Fleischer, Alison M Mondul, Laura S Rozek, and

Eduardo Villamor

ABSTRACT

Background: Intrauterine exposure to the rainy season in the tropics may be accompanied by
high rates of infection and nutritional deficiencies. It is unknown whether this exposure is related
to the extrauterine timing of development. Our aim was to evaluate the relations of prenatal
exposure to the rainy season and altitude of residence with age at menarche.

Methods: The study included 15,370 girls 10- <18 y old who participated in Colombia’s 2010
National Nutrition Survey. Primary exposures included the number of days exposed to the rainy
season during the 40 weeks preceding birth, and altitude of residence at the time of the survey.
We estimated median menarcheal ages and hazard ratios with 95% CI according to exposure
categories using Kaplan—Meier cumulative probabilities and Cox proportional hazards models,

respectively. All tests incorporated the complex survey design.
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Results: Girls in the highest quintile of gestation days exposed to the rainy season had an earlier
age at menarche compared to those in the lowest (adjusted HR=1.08; 95% CI 1.00 to 1.18, P-
trend=0.03). Girls living at altitudes >2000 m had a later age at menarche compared to those
living <1000 m (adjusted HR=0.88; 95% CI 0.82 to 0.94, P-trend<0.001). The association
between gestation days during the rainy season and menarche was mostly apparent among girls
living at altitudes >2000 m (P, interaction= 0.04).

Conclusions: Gestation days exposed to the rainy season and altitude of residence were

associated with the timing of sexual maturation among Colombian girls.
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INTRODUCTION

The age at menarche, or timing of a girl’s first menstrual period, is a reliable marker of
puberty. An earlier age at menarche is related to adverse health outcomes including breast cancer
and all-cause mortality(1, 2). The timing of menarche is relevant from a public health perspective
because it could be responsive to environmental conditions occurring as early as the prenatal

period(3).

In tropical climates, there is a rainy season characterized by increased precipitation,
reductions in temperature and sunlight(4), higher transmission rates of some infections(5), and
decreased availability of food(6). When pregnancy overlaps with the rainy season, mothers and
fetuses may be at high risk of infections and nutritional deficiencies(7). Intrauterine exposure to
these factors could act as a prediction of prevailing extrauterine conditions and signal the
offspring to alter their development plan in a way that maximizes survival and reproductive
potential(8). Accelerating the timing of sexual maturation could constitute one of those
adaptations. Some studies conducted in temperate climates found associations between the
season of birth and onset of puberty in the offspring (9, 10). However, this has not been

investigated in tropical climates where the effects of season on health could be substantial.

Altitude of residence is another environmental factor may affect the timing of sexual
maturation. Studies in Peru and Bolivia found that girls living in altitudes >3000 m had older
ages at menarche compared to girls living in elevations <500 m; these observations were
attributed to the lower oxygen availability at higher compared to lower elevations (11-13).
Nevertheless, some argued that these variations could be explained by differences in

socioeconomic status and access to nutrition rather than altitude (14).
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The aim of this study was to assess whether a higher number of gestation days exposed to
the rainy season was related to an earlier age at menarche. We also examined the association of
altitude of residence with age at menarche. In addition, since seasonality may differ according to
altitude, we ascertained whether the relation between gestation days exposed to the rainy season

and age at menarche was modified by altitude of residence.
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METHODS
Study population

The Colombian National Nutrition Survey (ENSIN) was conducted in 2010 by the
Colombian Institute of Family Welfare (Instituto Colombiano de Bienestar Familiar, ICBF) in
conjunction with the Colombian Demographic and Health Survey (ENDS). The survey
methodology has been described in detail elsewhere (15). Briefly, a multistage stratified
sampling scheme was employed to select participants representing 99% of the Colombian
population. All municipalities from the thirty-two departments in the country were grouped into
strata based on similar geographic and sociodemographic characteristics. One municipality was
randomly chosen from each stratum with the probability of being chosen proportional to the
population size. Clusters of about ten households were randomly selected within strata and all
household members were invited to participate. A total 50,670 households were included,
representing 4987 clusters from 258 strata.

Trained personnel administered questionnaires to the head of each household to obtain
sociodemographic information of all family members. Girls aged 10 to less than 18 years were
asked to recall the age in years and months when their first menstrual period had occurred or if it
had not yet occurred. Geographic information on the households including region and altitude of
residence was abstracted from the National Department of Statistics (Departmento
Administrativo Nacional de Estadistica, DANE) and included in the survey datasets.

Data sources

The survey included 188,599 people; 16,940 were girls 10 to <18 years of age. We
excluded 1570 girls with missing information on menarche or date of birth or who answered
“don’t know” to either of these questions. Thus, the final sample comprised 15,370 girls born

from 1992-2000.
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The primary outcome was age at menarche, estimated in decimal years from the age of
occurrence reported in years and months. There were two primary exposures, gestation days
exposed to the rainy season and altitude of residence at the time of the survey. For gestation days
exposed to the rainy season, we assumed as the exposure period the 40 weeks prior to and
including the birthdate. Each day that occurred during the rainy season within this period,
according to region-specific weather patterns averaging years 1972 to 1998 (16), contributed to
the summary measure. There are five geographic regions in Colombia: Andean, Pacific, Atlantic,
Orinoquian, and Amazonian. Rainy seasons in the Andean and Pacific regions occur from April-
May and September-November, whereas there is only one rainy season in the Atlantic (May-
October), Eastern Andean piedmont (July-August), and Orinoquian (April-November) regions
(17). The Amazonian region does not show much variability in rainfall throughout the year,
although from December-May the precipitation is slightly higher (according to data averaging
years 1964 to 2003)(18); thus, we assigned exposure to the rainy season to the gestation days
that occurred between December and May in the Amazonian region. The number of gestation
days exposed to the rainy season was categorized into quintiles, weighted according to the
complex survey design. It was also considered as a continuous variable, per 30 days of gestation.
Altitude of residence (in meters) at the time of the survey for each girl was abstracted from the
ENSIN dataset and categorized into altitude of residence zones as 0-999 m, 1000-1999 m, or
>2000 m. It was also considered as a continuous exposure, per 500 m. We assumed that altitude
of residence at the time of the survey was a proxy for altitude of residence during gestation.

Other covariates were year of birth, race/ethnicity, maternal education, wealth index, and
geographic region. Race/ethnicity, maternal education, and wealth index were defined as

previously described (19). Although wealth index and maternal education were measured at the
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time of the survey, we assumed that they were proxies for the socioeconomic status (SES) of the
girls’ family environment during her intrauterine life.
Ethical considerations

Participation consent was obtained prior to enrolment by the ICBF. The Health Sciences
and Behavioral Sciences Institutional Review Board at the University of Michigan determined
that analyses of these anonymized data were exempt from review.

Statistical analysis

Analyses were conducted with the use of the complex survey design routines of Stata
statistical software package version 13 (StataCorp, College Station, TX, USA).

We first compared the distribution of sociodemographic predictors of age at menarche
according to the primary exposures. For categorical predictors, we estimated proportions + SE in
each category of the primary exposure, and performed Rao-Scott 5 tests. For continuous
characteristics, we estimated means + SE. We performed tests for linear trend using linear
regression models in which a variable representing ordinal categories of quintiles of gestation
days exposed to the rainy season or altitude of residence zone was introduced as a continuous
predictor.

In bivariate analysis, we estimated the weighted median age at menarche by exposure
categories using Kaplan—Meier cumulative probabilities from birth. For girls who had not yet
experienced menarche, the censoring time was age at interview, estimated as date of interview
minus birthdate. Cox proportional hazards models were used to estimate hazard ratios (HR) and
95% confidence intervals (CI), accounting for the complex survey design. We conducted tests
for linear trend by introducing into the models a variable representing ordinal categories of each

exposure as a continuous covariate.
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Next, we estimated adjusted HR and 95% CI with a model that included indicator
variables for the gestation days exposed to rainy season quintiles in addition to year of birth,
race/ethnicity, wealth index, and geographic region (Amazonian and Orinoquian regions were
collapsed into one category). For altitude of residence, HR and 95% CI were adjusted for
race/ethnicity, maternal education, and wealth index. We did not include geographic region due
to issues of collinearity.

We also examined the relation of gestation days exposed to the rainy season and age at
menarche stratified by altitude of residence zones. We used a Cox proportional hazards model
that included gestation days exposed to the rainy season as a continuous exposure, altitude of
residence zone as an ordinal variable, and their interaction terms. Estimates were adjusted for
year of birth, race/ethnicity, and wealth index. The interaction between gestation days exposed to
the rainy season and altitude of residence was tested with the use of Type I11 Wald tests. All tests

incorporated the complex survey design.
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RESULTS

The mean = SD age of girls at the time of the interview was 13.9 + 2.3 y. Thirty-three percent of
the girls had not experienced menarche and were censored.

The weighted mean £ SE number of gestation days that occurred during the rainy season
was 115.3 + 0.4. Girls born 1992-1993 had fewer gestation days during the rainy season than
girls born after 1993. Also, girls of Mestizo-Caucasian ethnicity had fewer gestation days during
the rainy season compared to those of Afro-Colombian or Indigenous ethnicity (Table 2.1). The
number of gestation days during the rainy season was non-monotonically inversely related to
household wealth index. In addition, it was higher in girls from the Pacific, Amazonian, and
Orinoquian regions compared to those from other geographic regions.

The weighted mean + SE altitude of residence was 1194 + 16 m. Girls of Afro-
Colombian ethnicity were more likely to reside in the lowest altitude zone compared to girls of
other ethnicities (Table 2.2). In addition, altitude of residence was positively related to maternal
education, wealth index, and living in the Andean region.

The weighted median age at menarche was 12.6 years (IQR 12.0 to 13.5). In bivariate
analysis, the number of gestation days exposed to the rainy season was related to earlier
menarche (HR for Q5 to Q1=1.09, 95% CI 1.02 to 1.18; P, trend= 0.002, Table 2.3). After
adjustment for year of birth, ethnicity, wealth index, and geographic region, girls in the highest
weighted quintile had a 8% higher probability of menarche compared to those in the lowest
quintile (HR for Q5 to Q1 1.08 95% CI 1.00 to 1.18, P, trend= 0.03).

In bivariate analysis, altitude of residence was not related to age at menarche (Table 2.3).
However, after adjustment for ethnicity, maternal education, and wealth index, altitude of

residence was significantly related to later age at menarche. Girls living at an altitude >2000 m
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had a 12% lower probability of menarche compared to girls living at an altitude <1000 m (HR
for >2000 m to <1000 m 1.12 95% CI 1.06 to 1.18; P, trend <0.001).

The association between gestation days exposed to the rainy season and age at menarche
varied according to altitude of residence (Table 2.4). There was no association between gestation
days exposed to the rainy season and menarche at an altitude of residence <2000 m, whereas
there was an 8% higher hazard of menarche for every 30 gestation days exposed to the rainy
season among girls living at an altitude >2000 m (HR=1.08, 95% CI 1.03 to 1.14, P,

interaction=0.04).
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DISCUSSION

In this nationally representative sample of Colombian girls born 1992-2000, we found
that a higher number of gestation days exposed to the rainy season was related to an earlier age at
menarche whereas a higher altitude of residence was associated with a later age at menarche. We
also noted that the relation between gestation days exposed to the rainy season and menarche
was mostly apparent among girls residing in altitudes >2000 m.

Our finding on the relation between prenatal rainy season exposure and age at menarche
in the context of a tropical climate is novel. A few studies have examined whether season of birth
is associated with age at menarche in temperate regions, although results are mixed (9, 10, 20-
23). One recent study among 1,697 Polish women found that those who were born during
summer months (June-August) reported earlier ages at menarche than those born during other
seasons of the year. Another study among 950 US women reported that those born in February
had earlier ages at menarche compared to those born in December, although only when
restricting the analyses to women born before 1970 (10). In contrast, studies in the UK, US,
Denmark, and Italy reported no association between season of birth and age at menarche (20-23).

The rainy season in tropical climates is characterized by lower sunlight exposure(24)
which could be related to vitamin D deficiencies (25) or decreases in photoperiod-mediated
melatonin concentrations (26). The rainy season is also marked by higher transmission rates of
infectious diseases including dengue (27), malaria (28), and respiratory infections (29). In
addition, it may be linked to food shortages (30). Hence, the finding that a higher number of
gestation days exposed to the rainy season was associated with an earlier menarche is consistent
with the notion that adverse early-life conditions may be related to earlier onset of sexual

maturation. There are a few specific pathways that may contribute to explain this association.
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Lower serum vitamin D levels during middle childhood were related to an earlier age at
menarche in a prospective study of girls from Bogot4, Colombia (31). Although there is no
evidence for an effect of vitamin D deficiency during pregnancy on the onset of puberty, a recent
study among 977 UK women showed that gestational vitamin D deficiency was related to higher
adiposity in the offspring at age 4 and 6 y (32). Childhood obesity is a predictor of earlier age at
menarche (33). Another potential mechanism related to decreased sunlight exposure during
pregnancy involves photoperiod effects. Some studies have suggested that higher sunlight
exposure in peripubertal years may trigger menarche (10). It is plausible that rhythmicity in
exposure to photoperiods during pregnancy affects the development of the fetal circadian system
(26), altering the offspring’s response to light cycles around the time of puberty. Our finding
could also have to do with a higher rate of infectious disease transmission or lower availability of
food during the rainy season compared to the dry season. One consequence of these insults is
reduced nutrient availability to the fetus (34). This could act as a signal to the fetus of nutrient
scarcity in the extrauterine environment, leading to an acceleration in the timing of puberty as an
adaptive mechanism to optimize reproductive success (35). Although human studies are lacking,
experimental animal studies have supported the notion that undernutrition during pregnancy may
result in accelerations in the timing of sexual maturation of the offspring (36). In addition, some
epidemiological studies have linked prenatal undernutrition with higher incidence of adult
obesity (37). An earlier menarche is related to increased risk of adult obesity (38).

We found that girls residing at higher altitudes had later menarche than girls living at
lower altitudes independent of socioeconomic conditions. This finding is in agreement with
results from studies in Peru and Bolivia (11-13). In these studies, girls residing in altitudes >3000

m had later ages at menarche than girls residing at altitudes <500 m. For example, a study among
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4142 Peruvian girls found that those at an altitude of 3,400 m had a mean menarcheal age of 13.7
y, whereas girls at sea level had a mean age at menarche of 12.2 y (12). Later sexual maturation
among high altitude dwellers has been explained as an energy trade-off to allow for accelerated
growth of the lungs and chest (39). Thus, the observed association with altitude may not
necessarily be due to exposure to a higher altitude during pregnancy, but throughout childhood.

We also found that the relation between gestation days exposed to the rainy season was
mostly apparent at altitudes >2000 m. This could be due to higher seasonal variation at higher
altitudes. For example, the seasonal incidence of respiratory infections could be more marked at
higher elevations (9). It is also plausible that cooler overall temperatures at high altitudes are
correlated with greater differences in seasonal behavior among pregnant women, which could
affect exposure to sunlight (e.g. through clothing choices).

Our study has several strengths. The 2010 ENSIN survey provided adequate statistical
power; in addition, the estimates are nationally representative. Few nation-wide studies have
collected information on age at menarche. The ability to adjust for important socioeconomic
variables was also a strength, particularly in the analysis of altitude. There were also limitations.
We lacked information on gestational age at delivery; thus, exposure to rainy season days could
have been misclassified in girls delivered pre- or post-term. If girls delivered preterm had later
ages at menarche(40) and fewer gestation days during the rainy season than assigned, estimates
might represent an underestimation of the true underlying effect. The lack of information on
gestational age at delivery also prevented us from examining effects of rainy season exposure
during each trimester of pregnancy. We did not have access to rainfall data during the specific
birth years of the participants, rather we used historical data spanning from 1964 to 2003. This is

another source of potential misclassification of the number of gestation days exposed to the rainy
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season. There is also a possibility of outcome misclassification, although research in a similar
setting suggests that the short-term recall of menarche is reliable (41). Furthermore, we would
not expect that the recall of menarche is differential with respect to the exposures examined.
Girls <10 y were not asked about menarche. This could result in selection bias if there was a
meaningful number of girls with menarche <10 y who differed with respect to exposure status
from girls >10 y of age. However, there may be very few girls with menarche before 10 y of age;
in a nationally representative survey of US girls from 1992-2002, only 0.3% had menarche
before their 10" birthday (42). Some girls came from the same households and this could violate
the assumption of independence in the estimation of variances. Nevertheless, the within-
household component of the variances is likely negligible compared to that arising from
clustering of households as sampling units (43), which was fully accounted for. Causal inference
may also be hindered by residual confounding of the estimates due to ethnic composition or SES.
Our measures of SES were only a proxy for socioeconomic conditions during the girls’
intrauterine life, since they were measured after the occurrence of the outcome. Finally, we do
not have knowledge on whether altitude of residence at the time of the survey was reflective of
that at birth.

In summary, a higher number of gestation days exposed to the rainy season was related to
an earlier age at menarche in a nationally representative sample of Colombian girls, a finding
mostly apparent among girls residing in altitudes >2000 m. Conversely, higher altitude of
residence was related to a later age at menarche after adjustment for SES indicators. These
findings support the notion that climate and geographical factors during gestation and childhood

development may affect the timing of sexual maturation.
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Table 2.1. Sociodemographic characteristics according to weighted quintiles of gestation days

exposed to the rainy season among Colombian girls born 1992-2000*

Q1° Q2 Q3 Q4 Q5 p°
Characteristic n=2656 n=3157 n=2517 n=2926 n=4114
Year of birth, % 0.01
1992-1993 264 +1.1 199+1.0 176 +1.0 17.1+1.0 19.0+0.9
1994-1995 20.6 £ 0.9 20.7+£0.8 17.8+0.8 19.8+0.9 21.2+0.8
1996-1997 20.0+0.8 205+£0.8 19.1+0.8 20.1+0.9 20.2+£0.8
1998-2000 21.1+0.8 19.8 + 0.7 19.4+0.8 205+0.8 19.2+0.7
Race/ethnicity, % <0.001
Mestizo-Caucasian 23.0x0.5 208+ 0.5 182+ 0.5 193+ 05 188+ 0.5
Indigenous 125+ 1.6 185+ 1.7 19.7+£1.7 24.3+1.8 24919
Afro-Colombian 156+1.1 16.4+1.1 208 +1.2 23.3+1.2 240+£1.3
Maternal education, years 7.8+0.08 7.6 £0.07 7.8+0.08 7.9 +£0.08 7.8 £0.07 0.41
Wealth index* 29+ 0.04 2.7+0.04 3.0+ 0.04 3.0+ 0.04 26+0.04 0.006
Geographic region <0.001
Andean 29.5+0.7 21.2+£0.6 199+0.7 20.4 + 0.6 9.0+05
Pacific 0301 25.0+£0.8 123+ 0.6 151+ 0.7 474 £0.9
Atlantic 23.7+1.0 85+0.7 258+ 1.0 284 +1.0 13.7+0.8
Amazonian 2205 28.7+1.8 13.7+1.3 126+1.2 428 £ 1.7
Orinoquian 23719 264+ 2.2 0.0 25+ 04 475+ 24

! Values are weighted proportions or means + SE
2 Weighted quintiles of gestation days that occurred during rainy season, based on region of residence and date of birth
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% For categorical characteristics, P values are from Rao-Scott y* tests. For continuous characteristics, tests for trend are from a linear

regression model in which a variable representing weighted quintiles of gestation days exposed to the rainy season was introduced as a
continuous predictor.

* The wealth index is a composite measure of the household’s living standard. It is constructed from principal component analysis of a
number of household assets including type of flooring, number of bedrooms, type of toilet, and mode of transportation.
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Table 2.2 Sociodemographic characteristics according to altitude of residence among Colombian girls born 1992-2000*

Altitude of residence

Characteristic 0-999 m 1000-1999 m >2000 m p?
n=9982 n=3378 n=2010
Year of birth, % 0.78
1992-1993 46.7 £ 1.3 269 +1.2 26.4 +1.3
1994-1995 485+ 1.1 27.1+1.1 244+ 1.1
1996-1997 479+ 1.1 26.0+1.0 26.1+1.2
1998-2000 479+ 1.1 27.0+1.0 250+1.0
Race/ethnicity, % <0.001
Mestizo-Caucasian 439+0.8 27.8 £0.8 28.3+0.8
Indigenous 48.7 £ 3.0 26.4 + 3.6 249 £ 34
Afro-Colombian 764+ 1.9 197+ 1.8 40+0.9
Maternal education, years 7.6 £0.05 7.6 £0.08 8.3+ 0.09 <0.001
Wealth index 2.5+ 0.03 2.8 £0.05 3.5+0.04 <0.001
Geographic region <0.001
Andean 25.9+0.8 345+£1.0 396+1.1
Pacific 93.9+0.9 47+08 15+15
Atlantic 50.6 £ 1.7 35.7+1.8 13.7+14
Amazonian 99.1+0.9 0.9+09 0.0
Orinoquian 100.0 0.0 0.0

! alues are weighted proportions or means + SE

2 For categorical characteristics, P values are from Rao-Scott ¥ tests. For continuous characteristics, tests for trend are from a linear
regression model in which a variable representing altitude of residence zone was introduced as a continuous predictor.
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Table 2.3 Age at menarche according to gestation days exposed to the rainy season
and altitude of residence among Colombian girls born 1992-2000

Median age at  Unadjusted hazard ratio Adjusted hazard ratio

n menarche, years® (95% CI)? (95% CI)*
Gestation days exposed to rainy season,
weighted quintiles
Q1, median=75 days 2656 12.8 1.00 1.00
Q2, median=97 days 3157 12.7 1.03 (0.96, 1.11) 1.02 (0.95, 1.11)

Q3, median=112 days 2517 12.6 1.05 (0.97, 1.13) 1.02 (0.94, 1.10)
Q4, median=137 days 2926 12.5 1.11 (1.04, 1.20) 1.08 (1.00, 1.17)
Q5, median=177 days 4114 12.6 1.09 (1.02, 1.18) 1.08 (1.00, 1.18)
P, trend* 0.002 0.03

Per 30 days 1.03 (1.01, 1.04) 1.02 (1.00, 1.04)
P 0.008 0.10

Altitude of residence
0-999 m 0982 12.6 1.00 1.00
1000-1999 m 3378 12.8 0.92 (0.88, 0.98) 0.88 (0.83, 0.93)
>2000 m 2010 125 0.98 (0.91, 1.04) 0.88 (0.82, 0.94)
P, trend 0.27 <0.001

Per 500 m 1.00 (0.98, 1.01) 0.97 (0.96, 0.99)
P 0.52 <0.001

! From Kaplan-Meier survival probabilities

2 From Cox proportional hazards models with age at menarche as the outcome and indicator variables for weighted quintiles of
gestation days during the rainy season as the predictor or a continuous variable for days of exposure
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¥ Estimates for gestation days exposed to the rainy season were from a Cox proportional hazards model adjusted for year of birth,
race/ethnicity, wealth index, and geographic region. Estimates for altitude of residence were from a Cox proportional hazards model
adjusted for race/ethnicity, maternal education, and wealth index.

*From a Cox proportional hazards model in which a variable representing ordinal categories of the exposure was introduced as a
continuous predictor.
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Table 2.4 Age at menarche per 30 gestation days exposed to the rainy season,
stratified by altitude of residence among Colombian girls born 1992-2000

Unadjusted hazard ratio Adjusted hazard ratio
(95% CI)* (95% CI)?
Altitude of residence per 30 gestation days per 30 gestation days
exposed to the rainy season exposed to the rainy season

0-999 m 1.00 (0.98, 1.02) 1.01 (0.99, 1.03)
1000-1999 m 1.02 (0.96, 1.07) 1.00 (0.95, 1.06)
>2000 m 1.11 (1.05, 1.16) 1.08 (1.03, 1.14)
P, interaction 0.001 0.04

'From a Cox proportional hazards model with age at menarche as the outcome and predictors
that included gestation days occurring during the rainy season (continuous), altitude of residence
(categorical), and their interaction terms

“From a Cox proportional hazards model adjusted for year of birth, race/ethnicity, and wealth
index
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Chapter 4
Childhood red meat intake frequency is associated with earlier age at menarche

Erica C. Jansen, Constanza Marin, Mercedes Mora-Plazas, Eduardo Villamor:

ABSTRACT

Background: Early age at menarche is associated with increased breast cancer risk. Red
meat consumption in adolescence predicts breast cancer risk, but it is unknown whether it is also
related to earlier menarche.

Objectives: We studied the association between intake of red meat at ages 5-12 y and
age at menarche in a prospective study.

Methods: We assessed usual diet with a food frequency questionnaire (FFQ) in a group
of 456 girls aged 8.4 + 1.7 years and followed them for a median 5.6 y in Bogota, Colombia.
Girls were asked periodically about the occurrence and date of menarche. Median age at
menarche was estimated with use of Kaplan-Meier survival probabilities by categories of red
meat intake frequency. Cox proportional hazards models were employed to compare the
incidence of menarche by red meat intake frequency adjusting for potential sociodemographic
and dietary confounders including total energy intake and intake frequency of other animal food
groups (dairy, poultry, fresh water fish, tuna/sardines, eggs, and innards).

Results: Median age at menarche was 12.4 years. After adjustment for total energy

intake, maternal parity, and socioeconomic status, red meat intake frequency was inversely
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associated with age at menarche. Compared to girls with red meat intake <4 times per week,
those consuming it >2 times per day had a significantly earlier age at menarche (adjusted hazard
ratio [HR]=1.64; 95% CI: 1.11, 2.41; P-trend=0.0009). Incidentally, we found that girls with
tuna/sardines intake >1 time per week had a significantly later age at menarche (HR=0.62; 95%
Cl: 0.42, 0.90; P=0.01) than those with intake <1 time per month. Intake frequency of other
animal food groups was not significantly associated with age at menarche.

Conclusion: Red meat intake frequency during childhood was associated with an earlier

age at menarche whereas fatty fish intake frequency was related to a later menarcheal age.
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INTRODUCTION

Menarche, the first menstrual period, is a recognizable marker of puberty. In high
income settings as well as lower income setting, an early age at menarche is associated with
breast (1) and endometrial (2) cancers, obesity (3), type Il diabetes (4), cardiovascular disease,
and all-cause mortality (5). In addition, early menarche has been related to risk factors during
adolescence including alcohol and tobacco use, early sexual debut, and teenage pregnancy (6, 7).

There is substantial variability in the timing of menarche across populations and a secular
trend toward earlier menarche within countries (8-10). This suggests that the timing of puberty
may be responsive to changes in environmental conditions. While the exact nature of these
changes remains uncertain, epidemiological studies have found associations between high intake
of animal protein during childhood and earlier puberty (11-17). For example, total animal
protein intake between ages 3-8 y was related to earlier menarche in US (11) and German (12)
girls. Intake of protein from dairy was related to earlier puberty in girls from Germany (12), Iran
(15), and the US (16); whereas higher meat intake in childhood was associated with earlier
menarche in British (13), Korean (14), and US (17) girls. There is some heterogeneity in this
evidence, however, as a recent study in a large group of US girls found no association between
dairy or meat intake at ages 9-14 y and age at menarche (18). One possible explanation for this
discrepancy is differences in the timing of dietary assessments (13, 18), because intake around
the time of puberty onset may be less relevant than earlier childhood diet. Relatively few studies
have examined childhood intake of specific animal food groups in relation to menarche.

A recent investigation found that red meat intake during adolescence was related to

higher breast cancer risk (19). Considering that early menarche is a predictor of breast cancer
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(1), we hypothesized that red meat intake during childhood could be associated with an earlier
menarche.
We evaluated the association between frequency of red meat intake at 5-12 y with age at

menarche in a prospective study of pre-menarcheal school-aged girls from Bogota, Colombia.
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METHODS
Study Population

The study was conducted in the context of the Bogotd School Children Cohort, an
ongoing longitudinal investigation of nutrition and health in school-aged children. Details
concerning recruitment and data collection are published elsewhere (20). Briefly, in February
2006 we randomly sampled children from all public primary schools in Bogota. Inclusion
criteria involved being enrolled in one of the city’s 361 public primary schools at the time by the
beginning of the school year, and being between 5 and 12 years of age. Four thousand children
were invited to participate of whom 3,202 agreed and were enrolled in the cohort. As most
children in the public school system were from low- and middle-income families, the cohort
represents these socioeconomic strata. Information collected at the time of enrollment included
diet, anthropometry, and sociodemographic characteristics and health status.
Dietary assessment

Between May and June 2006, trained dieticians administered a thirty-eight-item food
frequency questionnaire (FFQ) to a sample of 1027 mothers to 531 girls and 496 boys who
attended parents’ meetings at schools in order to obtain information on their children’s usual
intake. Details of the FFQ have been described previously (21). The FFQ was based on the
most frequently consumed foods in this population according to the Colombian National
Nutrition Survey 2005 and included all major sources of energy in the population. For each
item, we described reference portion sizes in natural units or standard measures for commonly
consumed servings among children in this population, and inquired about frequency of intake
with a scale comprising 9 options: 4-5 times per day, 2—3 times per day, once per day, 5-6 times

per week, 2—4 times per week, once per week, 1-3 times per month, less than once per month, or
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never. Energy intakes were estimated by multiplying the consumption frequency of each food
by the energy contents of the specific portion using composition values from the US Department
of Agriculture’s Standard Reference food composition database, supplemented with data from
manufacturers and published reports (Food Processor software; http://www.esha.com) and the
Food Composition Table of Colombian Foods by the Colombian Institute of Family Welfare
(22). A team composed of Colombian and US dietitians worked together on the nutrient
composition analyses to ensure that the foods chosen from the USDA database resembled the
closest to the local foods.

While the FFQ has not been formally validated, a previous investigation that included the
girls in the current study provided strong evidence for its validity to measure intake frequency of
animal food sources (21). In that study, principal component analyses of the FFQ clearly
identified an “animal foods” dietary pattern that included frequent intake of beef, chicken, and
dairy. Adherence to this pattern was strongly, positively, and linearly related to serum
concentrations of vitamin B-12, a nutrient that is naturally found in animal foods only. In
addition, meat intake frequency alone, as measured by the FFQ, was linearly, monotonically
related to serum vitamin B-12. Among children reporting meat intake >2 times per day, serum
vitamin B-12 was 24 pmol/L higher than in children with meat intake <4 times per week (P-
trend=0.04), after adjustment for sex and intake frequency of dairy, fish, cow liver, and
supplements. Because measurement errors in the FFQ and the serum vitamin B-12 values are
uncorrelated, the findings indicate that the validity of the FFQ to measure animal foods is

adequate.
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Anthropometry
In the weeks following enrollment, trained research assistants visited the schools to

obtain anthropometric measurements from the children. Weight was measured in light clothing
to the nearest 0.1 kg on Tanita HS301 electronic scales (Tanita Arlington Heights, IL), and
height was measured without shoes to the nearest 1 mm with wall-mounted Seca 202
stadiometers (Seca, Hanover, MD). We calculated height-for-age and BMI-for-age z scores,
with the use of the World Health Organization sex-specific growth references for children aged
5-19 (23).
Parental and household characteristics

Information on parental and household characteristics was obtained with the use of a self-
administered questionnaire that was sent to children’s home during the week of enrollment. The
questionnaire inquired about parental age, education level, mother’s parity and age at menarche,
and the child’s health habits, including time watching television or playing videogames and
playing outdoors. Socioeconomic status (SES) was determined from the child’s home address,
as the score assigned by the local government to establish the cost of public services. Maternal
BMI (kg/m?) was calculated from height and weight values that the research team measured at
the time of FFQ administration, using the same methods described for the children. Measured
values were available in 80% of mothers; self-reported values were used in the rest. Covariates
were categorized as presented in Table 3.1
Follow-up

Follow-up visits occurred in June and November 2006 and once yearly thereafter. If
children were absent from school on the day of the visit, they were assessed at home. At each

assessment, girls were asked if they had begun menstruation and, if they had, the date of their
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first menstrual period. Major holidays and school vacation time were used to aid the girls’ recall
of the date of menarche if needed.

Written informed consent from parents or primary caregivers of all children was obtained
prior to enrollment. The study protocol was approved by the Ethics Committee of the National
University of Colombia Medical School. The Institutional Review Board at the University of
Michigan approved use of data from the study.

Data Analysis

Sixty-six girls who had more than 5 missing responses in the FFQ were excluded. Of the
remaining 465 girls with valid FFQ data, 9 had experienced menarche by the time of enrollment
and were excluded. Thus, the analytic sample consisted of 456 girls.

The primary exposure was frequency of red meat intake. This was the sum of weighted
intake frequencies of three separate items in the FFQ: beef/pork/veal/lamb, cold cuts
(sausages/ham/bologna), and hamburger/hot dog. The frequency was categorized as <4 times
per week, 4 to 6 times per week, 1 time per day, and >2 times per day. Because red meat is eaten
as part of an animal food source pattern in this population (21), intake of other animal foods
could confound the association with age at menarche; therefore, we also considered intake
frequency of dairy (milk, cheese, and yogurt), poultry, freshwater fish, canned tuna or sardines
(main sources of fatty fish in the population, asked together in a single FFQ item), eggs, and
innards (cow’s liver, spleen, lung, and tripe). Innards were treated separately because the items
in the red meat category are typically more highly processed than innards. Furthermore, innards
are not consumed as frequently as items in the red meat group and as a result their intake may be

measured with more error than other meats’.
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The outcome, age at menarche, was estimated in decimal years as date of menarche
minus date of birth. Among 75 girls (16.5%) who did not recall the day of the month when
menarche occurred, the 15" was imputed. In another 33 girls (7.2%) who only remembered the
year of menarche, July 1 was imputed for the calculation of age at menarche. The girl’s mother
was the primary informant of the date of menarche in 67 participants (14.7%). Twenty-six
percent of girls (n=119) did not have menarche during follow-up and were censored at the last
interview date.

First, we examined the associations of baseline sociodemographic characteristics and age
at menarche using time-to-event analyses. Time-to-event analytic techniques including the
Kaplan-Meier method and Cox regression properly account for right-censoring in the data due to
the fact that some girls did not reach menarche during follow-up. These methods allow to
combine information on menarcheal age from post-menarcheal girls with the last known age
during follow-up when menarche had not occurred (“censoring”) from pre-menarcheal girls. We
estimated median ages at menarche by categories of sociodemographic correlates using Kaplan-
Meier cumulative probabilities. Values in the text are medians (IQR). Cox proportional hazards
models were used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CI), with
decimal age as the time scale.

We next examined the distribution of the sociodemographic correlates across levels of red
meat intake frequency. For continuous correlates, we estimated tests for linear trend from linear
regression models in which a variable representing ordinal categories of red meat intake was
introduced as a continuous predictor. We used robust estimates of the variance in these models

to overcome potential deviations from the multivariate normality assumption (24). For
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categorical correlates, we used Cochrane-Armitage tests. We also estimated the correlations
(Spearman) of red meat intake frequency with that of other animal food groups.

In bivariate analysis, we estimated median ages of menarche and HRs with 95% CI by
intake frequency categories of red meat and other animal food groups using Kaplan Meier and
Cox regression analyses. We conducted tests of linear trend for the associations between intake
frequency of each food group and menarche by introducing into each Cox model a variable
representing ordinal categories of intake frequency as a continuous predictor and performing a
Wald test.

Finally, we conducted multivariable analyses of the association between red meat intake
frequency and age at menarche by fitting a Cox proportional hazards model that included as
covariates sociodemographic characteristics that were independent predictors of menarche, other
relevant animal food groups, and total energy intake. Height-for-age and BMI-for-age z scores
were deliberately excluded from the multivariable model because they could be mediators on the
causal pathway between red meat intake and age at menarche (25). The proportional hazards
assumption was verified with the use of terms for the interaction between time and covariates.
This assumption was met in all models.

Because there were some missing values for socioeconomic status (0.7%), maternal
parity (5.9%), red meat intake (3.7%) and tuna/sardine intake (1.1%), we conducted
supplemental analyses in which these missing values were estimated using a Markov Chain
Monte Carlo multiple imputation technique (26) before their inclusion in the multivariable
models. Girl’s baseline age, socioeconomic status, maternal parity, red meat intake, and

tuna/sardine intake were included in the imputation procedures. Results from 10 multiple
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imputation cycles were combined with use of the PROC MIANALY ZE routine of SAS Software
version 9.3 (SAS Institute, Cary, NC).

Although our primary aim was to estimate the total effect of red meat intake on age at
menarche, we conducted additional supplemental analyses to ascertain the potential mediating
effect of BMI-for-age by introducing it as a covariate into the multivariable models. These
analyses assumed a lack of interaction between frequency of intake and BMI-for-age on age at
menarche, and no unmeasured confounding of the association between BMI-for-age and age at
menarche (27).

Finally, although our intent was to assess pre-pubertal usual intake of red meat and
menarche, it is possible that some girls were pubertal at baseline. Thus, we conducted sensitivity
analyses among girls <10 y at baseline (n=368) to assess whether estimates were substantially

different from results including girls >10 y at baseline.
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RESULTS

The mean age = SD of girls at recruitment was 8.4 + 1.7 years. Their mean = SD red
meat intake frequency was 1.3 = 1.2 times per day. Mean total energy intake was 1478 + 718
kcal/d. The median length of follow up was 5.6 years (IQR 2.6 to 6.8 years). It was shorter for
girls who were censored (median 2.5 years; IQR 1.7 to 4.0 years) than for those who had
menarche during follow-up (median 6.2 years; IQR 5.2 to 6.8 years) due to losses to follow up.
Nevertheless, the two groups did not differ from each other with respect to frequency of red meat
intake, age, socioeconomic status, or BMI-for-age.

The estimated median age at menarche was 12.4 years (IQR 12.2 to 12.5 years). Girls’
baseline height-for-age z scores, BMI-for-age z scores, and socioeconomic status were inversely
associated with age at menarche, whereas maternal age at menarche and parity were positively
associated with age at menarche (Table 3.1).

Red meat intake frequency was positively related to height-for-age and BMI-for-age z
scores, total energy intake, and socioeconomic status; and inversely associated with maternal
parity (Table 3.2). Red meat intake frequency was also correlated with dairy (p=0.45,
P<0.0001) and poultry (p=0.44, P<0.0001) frequency of intake (Table 3.4).

In bivariate analysis, red meat intake frequency was inversely associated with age at
menarche (Table 3.3). Compared to girls with red meat intake <4 times per week, those with
intake >2 times per day had a significantly earlier age at menarche (HR=1.41; 95% CI: 1.02,
1.95; P-trend=0.04). We also noted that intake frequency of canned tuna/sardines was positively
related to age at menarche in a non-linear manner; girls with intake >1 time per month had a
significantly later age at menarche than girls with tuna/sardine intake <1 time per month

(HR=0.78; 95% CI: 0.62, 0.98; P=0.03).
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After adjustment for total energy intake, maternal parity, and socioeconomic status red
meat intake frequency remained linearly associated with age at menarche (Table 3.3).
Compared to girls with red meat intake <4 times per week, those consuming it >2 times per day
had a significantly earlier age at menarche (HR=1.64; 95% CI: 1.11, 2.41; P-trend=0.0009). On
the other hand, compared to girls with tuna/sardines intake <1 time per month, those with intake
>1 time per week had a later age at menarche (HR=0.62; 95% CI: 0.42, 0.90; P=0.01). Results
remained essentially unchanged after additional adjustment for dairy and poultry intake
frequencies. Similarly, using multiple imputation of missing covariate values did not change the
results.

In supplemental mediation analyses, introducing BMI-for-age z-score at baseline into the
multivariable imputed model resulted in an attenuation of the estimates for red meat. Compared
to an intake frequency <4 times per week, the adjusted hazard ratios (95% CI) for categories 4 to
6 per week, 1 per day, and >2 per day were, respectively, 1.16 (0.85, 1.60), 1.17 (0.85, 1.62), and
1.33 (0.90, 1.96) (P-trend=0.17). The estimates for intake frequency of tuna/sardines did not
change.

Intake frequency of other animal food groups including dairy, poultry, eggs, fresh water
fish, or innards was not significantly associated with age at menarche in bivariate (Table 3.5) or
multivariable adjusted (Table 3.6) analyses. Finally, restriction of analyses to girls <10 y at

baseline did not substantially alter results (Table 3.7).
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DISCUSSION

In this cohort study of school-aged girls, childhood intake frequency of red meat was
inversely related to age at menarche in a linear fashion. This relation was independent of
potential sociodemographic and dietary confounders. Unexpectedly, we also found that canned
tuna/sardine intake frequency was positively associated with age at menarche.

Although earlier studies had reported associations between intake of animal foods and
age at menarche (11-17), our study substantially extends previous findings by examining intake
frequency of specific categories of animal food sources in mid childhood. The association of red
meat intake frequency and age at menarche is generally consistent with previous studies that
linked pre-pubertal consumption of animal protein and food sources to earlier puberty (11-17).
Nevertheless, it is opposite to findings from an investigation of US girls in which intake of red
meat at ages 9 to 14 y was not associated with age at menarche (18). One reason for the
discrepancy could be related to the timing of the dietary assessment. Whereas dietary
assessment in our study occurred at an average 8 y of age, girls in the US study were on average
11 y of age at baseline and much closer to the timing of menarche. Some authors have proposed
that diet at younger ages may be more important for the timing of puberty than peri-pubertal
intake (13). In fact, some argue that the timing of puberty is determined by environmental
conditions acting as early as around the time of birth (28). This is not necessarily contrary to our
findings if we assume that diet tracks during childhood. Second, reverse causation bias could
have affected the results of the US study since the dietary exposures were assessed within a short
period with respect to the outcome. Because menarche is a relatively late event during sexual
development, girls may have initiated puberty at the time of dietary assessment, and their diet

might have changed as a consequence (18).
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One pathway to explain potential effects of animal foods, particularly dairy, on the timing
of puberty has been related to a protein-mediated stimulation of insulin-like growth factor (IGF)-
1 secretion (29, 30). However, meat intake has not been related to IGF-1 secretion and there
could be other plausible mechanisms. Availability of micronutrients found in red meat such as
iron and zinc could signal the body to initiate puberty since these nutrients are essential for
sustaining pregnancy and for the offspring’s survival and development. In one small randomized
trial, zinc supplementation resulted in earlier age at menarche (31). Another mechanism could
be through the development of adiposity. Childhood obesity is related to early menarche (25),
and intake of some foods in the red meats group, including hot dogs and hamburgers, was related
to child overweight in this population (32). In supplemental mediation analyses, the association
of red meat intake frequency with age at menarche was attenuated after adjustment for BMI-for-
age z-score at baseline, suggesting that part of the effect of red meat on age at menarche could be
mediated through body size. There are also other potential mechanisms related to substances
ingested with red meat, including estrogenic mycotoxins such as zearalenone (33, 34), or
heterocyclic amines produced during preparation of red meat at high temperatures (34).

Previous investigations have consistently shown an association between early onset of
menses and breast cancer in adulthood (1). Also, red meat intake during adolescence has been
related to pre-menopausal breast cancer risk (19). Our finding suggests a potential mechanism to
explain these relations, in that early age at menarche could be a mediator on the causal pathway
between adolescent red meat intake during childhood and breast cancer risk.

Of note, we incidentally found that tuna/sardine intake frequency was related to a later
age at menarche. Two previous studies that examined associations between fish intake and age

at menarche found no relation (35, 36). While the finding in our study could have been due to
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chance, there are potential underlying mechanisms to explain it. Tuna and sardines are rich in
long-chain polyunsaturated fatty acids (PUFAs), which are related to more favorable
cardiovascular profiles in adolescents (37), including slower weight gain (38).

Our study has several strengths. First, its longitudinal design precluded bias due to
reverse causation. The prospective collection of data on age at menarche prevented recall bias.
Any misclassification of the outcome is unlikely to be differential with respect to exposure
status. In addition, follow-up was high. Other strengths included the ability to examine different
animal food groups and the possibility to adjust for important confounders. Adjusted hazard
ratios for red meat intake frequency became stronger than the unadjusted estimates after
controlling for negative confounding by tuna/sardines intake. The association of tuna/sardines
intake frequency was strengthened in multivariable analyses after controlling for negative
confounding by red meat intake and maternal parity. We assessed intake using an FFQ that
measures animal food intake validly (21). Our data were internally consistent considering that
the associations of age at menarche with known predictors of puberty were in the expected
directions. Red meat intake was also positively associated with height, BMI, total energy intake,
and socioeconomic status as expected in this population. Finally, we accounted for missing data
in the analysis using state-of-the-art multiple imputation techniques.

The study also has some limitations. First, the results may not be generalizable to girls of
the highest socioeconomic levels. Second, unmeasured intake of foods or nutrients that are
associated with red meat intake and are independent predictors of age at menarche (e.g. fiber,
isoflavones (39, 40)) could have introduced residual confounding. Third, misclassification of
exposure due to measurement errors in the FFQ could have been a source of bias. Because the

FFQ was administered to the girls’ mothers, intake of foods eaten away from home may have
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been underestimated. Measurement error in the report of diet is likely not associated with the
recall of age at menarche; thus, its potential consequence could be an attenuation of the true
underlying effect. Fourth, some girls were lost to follow-up and this could potentially introduce
selection bias. Fifth, we could not account for potential changes in diet after the childhood
measurement. Sixth, we were unable to examine associations of micronutrients present in red
meat with age at menarche. Finally, although the short-term recall of age at menarche is highly
reliable (41), the effects of diet on earlier events of puberty may differ from those on menarche.
It is uncertain whether they represent effects on the onset vs. the duration of puberty.

In summary, red meat intake frequency during childhood was inversely associated with
age at menarche whereas fatty fish intake frequency was positively associated with age at onset
of menses. Future studies should examine the role of particular components of red meat,
including micronutrients and by-products of processing, on the timing of sexual maturation.
Examining the role of fish intake and the timing of puberty in other populations is also
warranted. Whether replacing red meat intake with other animal food sources influences age at

menarche would need to be determined in intervention studies.
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Table 3.1 Age at menarche in 456 Colombian schoolgirls

according to sociodemographic characteristics

1

Baseline characteristics n Median Hazard ratio
age at menarche?, (95% CI)?
years
Girl’s year of birth
1993 to 1996 165 12.4 1.00
1997 to 1998 176 12.4 1.21 (0.96, 1.54)
1999 to 2001 115 12.2 1.28 (0.94, 1.74)
P-trend” 0.07
Girl was born in Bogota
Yes 382 12.4 1.00
No 51 12.2 1.22 (0.85, 1.76)
P 0.28
Girl’s height-for-age z score”
<-2 42 13.4 0.36 (0.24, 0.55)
-2to<-1 132 12.8 0.45 (0.33, 0.61)
-1to <0 157 12.2 0.82 (0.62, 1.09)
Oto<1 97 12.0 1.00
>1 21 11.7 1.34 (0.76, 2.37)
P-trend <0.0001
Girl’s BMI-for-age z score”
<-1 64 12.9 0.72 (0.51, 1.00)
-1to <0 150 12.6 0.91 (0.70, 1.19)
Oto<1l 160 12.3 1.00
>1 74 11.9 1.82 (1.33, 2.49)
P-trend <0.0001
Time viewing TV/playing games, h/wk
<10.0 129 12.6 1.00
10.0t0 19.9 112 12.3 1.08 (0.81, 1.44)
20.0t0 29.9 90 12.3 1.05 (0.77, 1.43)
>30.0 52 12.5 0.95 (0.65, 1.38)
P-trend 0.88
Time playing outdoors, h/wk
<15 104 12.5 1.00
15t04.4 112 12.2 0.97 (0.71, 1.33)
451t09.9 87 12.5 0.92 (0.66, 1.30)
>10 72 12.3 1.03 (0.72, 1.48)
P-trend 0.99
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Mother’s age at girl’s birth, y
<20
20 to <25
2510 <30
30 to <35
>35
P-trend

Mother’s age at menarche, y
<115
11.5t0 <125
12.5t0<13.5
13.5t0<14.5
>14.5
P-trend

Mother’s education, y
Incomplete primary (1-4)
Complete primary (5)
Incomplete secondary (6-10)
Complete secondary (11)
University (>12)

P-trend

Mother’s parity
1
2
3
4
=5
P-trend

Mother’s BMI, kg/m*
<18.5
18.5-24.9
25.0-29.9
>30.0
P-trend

Socioeconomic status®

58
120
117

85

53

40
89
110
90
82

32
86
107
187
19

50
154
148

41

36

17
261
119

40

29
162
223

39

12.3
12.3
12.3
12.6
12.9

11.9
12.3
12.5
12.5
13.0

12.2
12.3
12.5
12.4
13.2

11.9
124
12.5
12.1
12.9

12.2
124
12.6
12.3

12.8
12.5
12.2
12.0

1.00

0.98 (0.68, 1.43)

0.92 (0.64, 1.34)

0.90 (0.61, 1.33)

0.77 (0.50, 1.21)
0.21

1.00
0.80 (0.52, 1.25)
0.66 (0.43, 1.00)
0.65 (0.42, 1.01)
0.48 (0.31, 0.76)
0.0006

1.18 (0.72, 1.94)

0.95 (0.70, 1.28)

0.85 (0.65, 1.11)
1.00

0.76 (0.41, 1.40)
0.80

1.00

0.65 (0.46, 0.93)

0.54 (0.38, 0.78)

0.59 (0.37, 0.95)

0.53 (0.33, 0.85)
0.01

1.29 (0.70, 2.37)
1.00

0.96 (0.75, 1.23)

1.41 (0.96, 2.06)
0.47

1.00

1.41 (0.86, 2.31)

1.79 (1.10, 2.93)

2.27 (1.26, 4.07)
0.0006
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1 N ranges from 375 to 456 due to missing values.

2 From Kaplan-Meier survival probabilities.

® From Cox proportional hazards models with age at menarche as the outcome and each
predictor as the covariate.

* From a Wald test of a covariate representing ordinal categories of the predictor, introduced into
the model as continuous.

> According to the World Health Organization reference (23).

° According to the city’s classification of neighborhoods’ public services fees.
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Table 3.2 Sociodemographic characteristics of 456 Colombian schoolgirls
according to frequency of red meat intake in childhood*

Baseline characteristics <4 per week 4 to 6 per week 1 per day >2 per day P-trend’
n=120 n=129 n=109 n=81°

Girls
Age,y 85+17 83116 8.2+17 8517 0.59
Born in Bogota, % 87.3 88.1 89.1 87.3 0.90
Height-for-age z score” -0.84 +0.92 -0.71+£1.03 -0.76 £ 1.05 -0.49+0.97 0.03
BMI-for-age z score* -0.07£0.93 0.01+0.99 0.14+0.94 0.24 +0.93 0.01
Time viewing TV/playing games, h/wk 17.5+14.9 18.2+14.4 16.2+11.8 16.6 +10.5 0.44
Time playing outdoors, h/wk 71+11.8 57+7.9 6.0+7.0 70+7.3 0.89
Total energy intake, Kcal/d 1175 £ 524 1314 £ 470 1471 £ 590 2147 +984  <0.0001

Mothers
Age at girl’s birth, y 27.5+6.6 26.8 £6.0 26.6 £6.0 27.8+6.8 0.96
Age at menarche, y 13314 134+15 131+14 13.3+15 0.54
Education, y 8.4+33 89+3.0 8.3+3.0 89+31 0.73
Parity, number of live births 29+1.2 26+1.0 26+11 25+1.0 0.04
BMI, kg/m? 24.7+3.8 24.1+3.9 244 +472 24.2 +£3.6 0.38
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Socioeconomic status® 2.4+0.8 2.8+0.6 2.7+0.7 26+0.7 0.02
'Mean + SD, unless noted otherwise.
2 Totals <456 due to missing responses to specific food items in the FFQ.
® For continuous variables, Wald test when a variable representing ordinal categories of red meat intake was introduced in a linear
regression model as a continuous predictor. Robust estimates of the variance were specified in each model. For place of birth,
Cochrane-Armitage Test.
* According to the WHO reference (23).
5According to the city’s classification of neighborhoods’ public services fees.
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Table 3.3 Multivariable-adjusted hazard ratios for age at menarche in Colombian schoolgirls according to red meat and fatty fish
intake frequencies during childhood

Median Unadjusted Adjusted Adjusted
Frequency of intake n* age at hazard ratio hazard ratio hazard ratio
menarche? (95% CI)® (95% CI)* (95% CI)°

Red meat

<4 per week 120 12.7 1.00 1.00 1.00

4 10 6 per week 129 12.3 1.23(0.91, 1.65) 1.16 (0.84,1.60)  1.20(0.87, 1.64)

1 per day 109 12.3 1.24 (0.92, 1.69) 1.32(0.95,1.83)  1.28(0.93, 1.76)

>2 per day 81 12.3 1.41 (1.02, 1.95) 1.64 (1.11,2.41)  1.59(1.09, 2.32)

P-trend ° 0.04 0.009 0.02
Tuna/sardines

<1 per month 144 12.2 1.00 1.00 1.00

1to 3 per month 122 12.6 0.77 (0.58, 1.02) 0.70 (0.52, 0.94) 0.70 (0.53, 0.93)

1 per week 110 12.4 0.79 (0.59, 1.06) 0.67 (0.49,0.92)  0.66 (0.48, 0.90)

>1 per week 75 12.5 0.79 (0.57, 1.10) 0.62 (0.42,0.90)  0.69 (0.48, 0.98)

P-trend ° 0.11 0.008 0.01

N ranges from 439 to 451 due to missing values.

2 From Kaplan-Meier survival probabilities.

® From Cox proportional hazards models with age at menarche as the outcome and indicator variables for intake frequency of each
food as predictors.

* Complete-case analysis (n=407). Estimates are from Cox proportional hazards models with age at menarche as the outcome and
predictors that included indicator variables for red meat and tuna/sardines intake frequencies, total energy intake, maternal parity, and
socioeconomic status.

> Multiple imputation analysis (n=456). Estimates are from multivariable Cox proportional hazards models including imputed data
for missing values.

® From a Wald test when a variable representing ordinal categories of each food group was introduced in the Cox model as a
continuous covariate.
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Table 3.4 Spearman correlations between intake frequencies of animal food groups®

Red meat Dairy  Poultry Freshwater fish Tuna/sardines  Eggs

Dairy 0.45 - - - - -
Poultry 0.44 0.26 - - - i,

Freshwater Fish 0.34 0.29 0.26 - - -

Tuna/sardines 0.23 0.31 0.16 0.29 - -
Eggs 0.21 0.25 0.24 0.13 0.19 -
Innards 0.21 0.12 0.21 0.26 0.14 0.08

! Red meat includes beef, cold cuts, and hamburger or hot dog; dairy incudes milk, cheese, and
yogurt; and innards include cow’s liver, spleen, lung, and tripe. P<0.001 for all correlations
except innards-dairy (P=0.01), innards-tuna/sardines (P=0.005) and innards-eggs (P=0.10).
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Table 3.5 Unadjusted analyses of age at menarche according to frequency of intake

of animal food groups in 456 Colombian school age girls

Frequency of intake™

n2

Median age at menarche®

Hazard ratio (95% CI)*

Red meat
<4 per week
4 to 6 per week
1 per day
>2 per day
P-trend®

Dairy
<1 per day
1 per day
2 per day
>3 per day
P-trend

Poultry
<1 per week
2 to 4 per week
5 to 6 per week
>1 per day
P-trend

Freshwater fish
Never
<1 per month
1 to 3 per month
>1 per week
P-trend

Tuna/sardines
<1 per month
1 to 3 per month
1 per week
>1 per week
P-trend

Eggs
<1 per week
2 to 4 per week
5 to 6 per week
>1 per day
P-trend

120
129
109
81

45
140
89
154

127
179
59
90

78
152
114
105

144
122
110
75

63
131
54
202

88

12.7
12.3
12.3
12.3

12.9
12.4
12.2
12.3

12.2
125
12.6
12.2

12.3
12.5
12.4
12.2

12.2
12.6
12.4
12.5

12.4
12.3
125
12.3

1.00

1.23 (0.91, 1.65)

1.24 (0.92, 1.69)

1.41 (1.02, 1.95)
0.04

1.00

1.17 (0.79, 1.76)

1.24 (0.81, 1.90)

1.32 (0.89, 1.97)
0.16

1.00

0.92 (0.70, 1.20)

0.96 (0.67, 1.37)

1.01 (0.74, 1.38)
0.87

1.00

1.17 (0.85, 1.60)

1.09 (0.78, 1.53)

1.16 (0.82, 1.63)
0.57

1.00

0.77 (0.58, 1.02)

0.79 (0.59, 1.06)

0.79 (0.57, 1.10)
0.11

1.00

0.97 (0.69, 1.36)

0.80 (0.53, 1.21)

1.00 (0.72, 1.38)
0.95



Frequency of intake n>  Median age at menarche®  Hazard ratio (95% CI1)*

Innards
<1 per month 122 12.3 1.00
1 to 2 per month 83 125 0.81 (0.59, 1.11)
3 per month to 1 per week 89 12.0 0.98 (0.71, 1.35)
>1 per week 145 12.4 0.77 (0.58, 1.03)
P-trend 0.15
Total energy intake, per 100 456 1.00 (0.98, 1.01)
Kcal/day
P 0.52

! Frequency of intake refers to the following average portion sizes: meat including beef (30 g),
cold cuts (20 g), and hamburger or hot dog (30 g); dairy including milk (200 g), cheese (20 g),
and yogurt (200 g); poultry (30 g); fresh water fish (25 g); canned tuna or sardines (20 g); eggs
(1 unit); and innards including cow’s liver, spleen, and lung (30 g) and cow’s tripe (1
tablespoon).

2 Totals may be <456 due to missing responses to specific food items in the FFQ.

® From Kaplan-Meier survival probabilities.

* From Cox proportional hazards models with age at menarche as the outcome and each food
item as the predictor.

> From a Wald test when a variable representing ordinal categories of each food group frequency
of intake was introduced into a linear regression model as a continuous predictor.
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Table 3.6 Adjusted hazard ratios for menarche according to frequency of intake
of animal food groups in 456 Colombian school-aged girls

Complete-case analysis Multiple imputation analysis

Adjusted HR P-trend ? Adjusted HR P-trend 2

(95% CI)* (95% CI)?
Dairy 0.47 0.35
<1 per day 1.00 1.00
1 per day 1.08 (0.70, 1.66) 1.17 (0.78, 1.74)
2 per day 1.11 (0.70, 1.78) 1.22 (0.79, 1.90)
>3 per day 1.19 (0.73, 1.94) 1.27 (0.80, 2.00)
Poultry 0.81 0.81
<I per week 1.00 1.00
2 to 4 per week 0.97 (0.73, 1.29) 0.90 (0.69, 1.19)
5 to 6 per week 1.13 (0.77, 1.66) 1.01 (0.70, 1.47)
>1 per day 0.91 (0.63, 1.31) 0.93 (0.66, 1.32)
Freshwater fish 0.64 0.49
Never 1.00 1.00
<1 per month 1.07 (0.77, 1.50) 1.13 (0.82, 1.55)
1 to 3 per month 1.07 (0.75, 1.53) 1.08 (0.77, 1.53)
>1 per week 1.10 (0.75, 1.64) 1.14 (0.79, 1.65)
Eggs 0.85 0.73
<I per week 1.00 1.00
2 to 4 per week 1.03 (0.71, 1.49) 1.04 (0.73, 1.48)
5 to 6 per week 0.77 (0.49, 1.22) 0.84 (0.55, 1.30)
>1 per day 1.05 (0.74, 1.48) 1.08 (0.77, 1.50)
Innards 0.19 0.34

<1 per month
1 to 2 per month

3 per month to 1 per week

>1 per week

1.00
0.74 (0.52,1.04)
1.03 (0.73, 1.47)
0.74 (0.54,1.02)

1.00
0.76 (0.55, 1.05)
1.08 (0.77, 1.52)
0.79 (0.57, 1.08)

! From Cox proportional hazards models with age at menarche as the outcome and predictors

that included indicator variables for the food group plus red meat intake frequency, tuna/sardines

intake frequency, total energy intake, maternal parity, and socioeconomic status.
2 From a Wald test when a variable representing ordinal categories of each food group was

introduced in the Cox model as a continuous covariate.
® From Cox proportional hazards models including imputed data for missing values.
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and fatty fish intake frequencies during childhood

Table 3.7 Multivariable-adjusted hazard ratios for age at menarche in Colombian schoolgirls <10 y at baseline according to red meat

Frequency of . Median Unadjuste_d Adjusted_ Adjusted_
intake n age at hazard ratio hazard ratio hazard ratio
menarche? (95% CI)® (95% CI)* (95% CI)°
Red meat
<4 per week 92 12.5 1.00 1.00 1.00
410 6 perweek 105 12.2 1.18 (0.84, 1.65) 1.27 (0.86,1.85)  1.24(0.86, 1.78)
1 per day 92 12.3 1.04 (0.73, 1.47) 1.21(0.82,1.79)  1.14(0.79, 1.65)
>2 per day 65 12.0 1.38 (0.96, 2.00) 1.54 (0.96,2.47) 150 (0.95, 2.35)
P-trend ® 0.14 0.12 0.16
Tuna/sardines
<1 per month 115 12.2 1.00 1.00 1.00
1to3 permonth 97 12.5 0.92 (0.67, 1.25) 0.86 (0.61,1.21)  0.84 (0.59, 1.17)
1 per week 90 12.4 0.79 (0.57, 1.10) 0.69 (0.47,1.00)  0.68 (0.47,0.97)
>1 per week 61 12.3 0.94 (0.65, 1.37) 0.84 (0.54,1.33)  0.90 (0.59, 1.37)
P-trend ° 0.42 0.13 0.19

! N ranges from 354 to 363 due to missing values.

2 From Kaplan-Meier survival probabilities.

® From Cox proportional hazards models with age at menarche as the outcome and indicator variables for intake frequency of each
food as predictors.

* Complete-case analysis (n=325). Estimates are from Cox proportional hazards models with age at menarche as the outcome and
predictors that included indicator variables for red meat and tuna/sardines intake frequencies, total energy intake, maternal parity, and
socioeconomic status.

> Multiple imputation analysis (n=368). Estimates are from multivariable Cox proportional hazards models including imputed data
for missing values.

® From a Wald test when a variable representing ordinal categories of each food group was introduced in the Cox model as a
continuous covariate.
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Chapter 5
Conclusions
Summary of Main Findings

This work extends current knowledge on early life determinants of the age at menarche,
including sociodemographic characteristics, perinatal climate and geographic factors, and

childhood diet.

In Chapter 2, we examined correlates and recent trends of menarche in Colombia, using
nationally representative data available for the first time since the initiation of the National
Nutrition Surveys. We found that the current median age at menarche in Colombia was 12.6 y,
which is similar to other estimates from South American countries (1, 2), but older than the US
(3) and several European countries (4). We also observed that the age at menarche was related to
important contextual sociodemographic characteristics; after adjustment for other
sociodemographic covariates, higher wealth index and Mestizo-Caucasian ethnicity were each
associated with earlier ages at menarche compared to lower wealth index and Afro-Colombian or
Indigenous ethnicity, respectively. We also observed recent declines in the age at menarche
among girls born 1992- 2000, and these trends were more marked among girls from urban areas,
whose families had higher wealth index, and who were of Caucasian-Mestizo ethnicity. Taken
together, these findings corroborate the notion that the age at menarche is a sensitive indicator of
socioeconomic and sanitary conditions in the context of a middle income setting (5). The finding

that the trends were more pronounced in certain groups also sheds light on the presence of the
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nutrition transition in this population. At the beginning of nutrition transitions, those from urban
areas and of higher socioeconomic status are the first to benefit from improvements in
socioeconomic conditions and higher access to foods typically ascribed to the “Western-style”
diet (6). Thus, our findings on menarche trends are consistent with a population still relatively

early on in the nutrition transition.

In Chapters 3 and 4, we focused on a few specific environmental predictors of the age at
menarche. In Chapter 3 we examined the relation of menarche with prenatal rainy season
exposure in addition to altitude of residence. We found that girls with higher gestation days
exposed to the rainy season had an earlier age at menarche compared to girls with less rainy
season exposure during gestation. Although a few studies have reported an association between
season of birth and age at menarche (7, 8), this finding is novel within the context of a tropical
climate. Mechanisms are highly speculative but could have to do with seasonal differences in
intrauterine light availability, respiratory infections, or nutrition that could lead to programmed
differences in the timing of menarche. We also observed that girls from higher altitudes had later
ages at menarche compared to girls from lower altitudes, although this was only evident after
adjusting for socioeconomic status, maternal education, and race/ethnicity. This finding adds to
the body of evidence suggesting that there is a high altitude effect on timing of puberty that
could have to do with oxygen deprivation during development (9, 10). Finally, we reported that
there was an interaction between gestation days exposed to the rainy season and altitude in
relation to menarche. Specifically, the inverse relation between number of gestation days
exposed to the rainy season and age at menarche was only apparent at altitudes >2000 m,

whereas there was no association between gestation days exposed to the rainy season and
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menarche at lower altitudes. It is possible that this could be explained through higher seasonal

variation at the higher altitudes compared to the lower altitudes in Colombia.

Finally, in chapter 4 we described a longitudinal examination of the relation between
childhood red meat intake frequency and age at menarche among 456 Colombian school-aged
girls. We found that higher childhood red meat intake frequency was related to an earlier age at
menarche. We also consequently noted that higher tuna/sardine intake frequency was related to a
later age at menarche. Although our findings are consistent with studies reporting associations
between animal foods and/or animal protein sources and menarche (11-13), our study
substantially extends previous findings by reporting on very specific food groups. It is also of
note that both of the observed relations were subject to negative confounding by other animal
source food intake, a finding that underscores the importance of carefully considering

confounding by other foods in analyses of childhood diet on age at menarche.

This dissertation has a number of strengths. One is the use of nationally representative
data for the first two aims, which enabled us to make inference at the national level and also
provided ample power to explore the research questions. Furthermore, the survey contained a
wealth of information on the girls and their households, which allowed us to conduct analyses
adjusted for other sociodemographic characteristics. This was perhaps most important in the
examination of altitude and menarche because there was strong negative confounding by
socioeconomic status. The use of a longitudinal dataset for the last aim was also a strength, as it
allowed us to establish temporality between childhood diet and menarche. There are also
limitations to consider in this dissertation. One was the cross-sectional nature of the ENSIN
survey, which limits causal inference because the exposures were measured at the same time that

menarcheal age was ascertained. Nevertheless, this should not have affected certain
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sociodemographic characteristics such as birthdate (used to determine gestation days exposed to
the rainy season) and race/ethnicity. Another limitation was the reliance on recall of menarche,
which would most likely mainly affect girls in the cross-sectional survey who had experienced
their menarche several years prior to the administration of the survey. Other limitations to
highlight are issues related to the dietary measurement in the third aim. First, there was potential
for misclassification of food intake due to measurement errors in the FFQ. This would be most
problematic if measurement error was differential with respect to age at menarche, although this
was not likely to be the case. Another dietary measurement limitation was the lack of repeated
FFQs administered throughout childhood. Future studies should include multiple measurements
of diet in order to assess whether childhood diet remains relatively constant over time and/or if

time-varying confounding of the red meat/menarche relation is present.
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Public Health Implications

This work has implications for public health on a few different levels. In the first aim, we
found differences in age at menarche and the recent trends according to sociodemographic
characteristics related to the nutrition transition. Our findings imply that Colombian girls living
in urban areas, from families of higher socioeconomic status and of Mestizo-Caucasian race
could be at highest risk of having earlier menarche, a predictor of health outcomes including
teenage pregnancy and breast cancer. These groups may likely benefit from public health
intervention aimed at reversing accompanying characteristics of the nutrition transition, such as
sedentary behavior, snacking patterns, and diets high in saturated fats and refined carbohydrates
(14). In contrast, the age at menarche among girls living in rural areas and from families with
the lowest wealth index had not changed in recent years. It is possible that these child
populations suffer from nutrient deficiencies; certain micronutrient deficiencies should be
assessed using blood samples collected in a sub-sample of ENSIN 2010 participants. Further
monitoring of the age at menarche in the next wave of the ENSIN is warranted to determine
whether the age at menarche continues to decline and if this decline remains heterogeneous with
respect to sociodemographic characteristics. Findings from this aim could be transportable to
other regions also in the early stages of the nutrition transition, but may not be generalizable to

higher income settings.

This work also illuminates the potential for public health intervention targeted towards
several specific early life factors that be related to the timing of sexual maturation. In the second
aim, we found that higher rainy season exposure during gestation was related to age at menarche.
This reinforces the notion of the prenatal period as a critical time period when environmental

exposures might affect later child health (15). The findings on gestation days exposed to the
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rainy season and menarche could be generalizable to other tropical climate settings, although the
socioeconomic context may be an important effect modifier; for example, there may be stronger
associations between gestation days exposed to the rainy season and menarche in lower-income
settings where families may be less able to cope with seasonal food shortages. Future work
should seek to elucidate the specific mechanisms that could play a role and might be amenable to
intervention. Seasonal factors that may vary more drastically at higher altitudes, such as vitamin

D levels or respiratory virus transmission, should be among the first considered.

We also found that altitude was related to delays in the timing of menarche after
adjustment for socioeconomic status, which may be explained by lower oxygen concentration at
higher altitudes (16). This observation is likely transportable to other Andean populations, but it
is unclear whether it would apply to other high altitude populations such as the Himalayans or
Rocky Mountains in the US, which are comprised of different genetic and environmental factors
than Andean populations. An important next step in this area of research is to better understand
the potential health consequences of a later menarche possibly induced by growing up in high
altitudes. Nonetheless, the fact that developmental delays in the timing of menarche could be due
to energy trade-offs suggests that certain pediatric populations growing up in high altitudes may
lack adequate total energy intake and/or specific micronutrients necessary for growth and
development. Whether Colombian girls residing in high altitudes have higher probability of
certain micronutrient deficiencies than those from lower altitudes should be examined using

available ENSIN data.

Our findings on red meat and fatty fish in relation to age at menarche further emphasize
the role of childhood diet, especially animal food sources, in sexual maturation. These findings

may be transportable to regions with comparable intake frequencies of these specific food items
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and of Hispanic origin. For example, this could include certain populations in the US and
Mexico. The next steps in this area of research should be to elucidate the specific components of
red meat sources that could be linked to pubertal timing, which would help guide public health
action. For example, a closer examination on how hormonal substances in red meat may be
related to menarche could provide evidence to inform policies on cattle feeding practices.
Similarly, the findings on fatty fish should be interpreted with caution until particular
components of the fish sources are systematically examined. For example, the implications of the
findings would be different if the observed associations are due to polyunsaturated fatty acids
present in these fish sources versus lead or mercury content in these fish. Nevertheless, these
findings provide impetus for further work, such as intervention studies, to evaluate whether
replacement of red meat with other protein sources, for example fatty fish, would be a viable
childhood dietary intervention. Findings from intervention studies could potentially be

implemented as a part of school feeding programs.

In summation, this dissertation research shows that the age at menarche is responsive to
early life environmental correlates including changing socioeconomic conditions, perinatal
climate and geographic factors, and diet during childhood. As research on menarche continues to
grow and develop, we anticipate that monitoring the age at menarche will become a public health
priority for understanding child health on a national scale, particularly in lower-income
countries. Furthermore, studies evaluating the specific mechanisms underlying associations
between early life factors and age at menarche will expand our knowledge on public health

interventions that may be most effective for promoting optimal pubertal development.
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