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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. The study included 15,370 girls 10 to <18 years 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% confidence interval (CI)
according to exposure categories using Kaplan–Meier cumulative probabilities and Cox proportional hazards models, respectively. All tests
incorporated the complex survey design. Girls in the highest quintile of gestation days exposed to the rainy season had an earlier age at menarche
compared with those in the lowest (adjusted hazard ratios (HR) = 1.08; 95% CI 1.00–1.18, P-trend = 0.03). Girls living at altitudes ⩾2000m
had a later age at menarche compared with those living <1000m (adjusted HR = 0.88; 95% CI 0.82–0.94, P-trend <0.001). The inverse
association between gestation days during the rainy season and menarche was most apparent among girls living at altitudes ⩾2000m
(P, interaction = 0.04). Gestation days exposed to the rainy season and altitude of residence were associated with the timing of sexual maturation
among Colombian girls independent of socioeconomic status and ethnicity.
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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 sun-
light,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 extra-
uterine conditions and signal the offspring to alter their devel-
opment 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 For example, a
study among Polish women reported a slightly earlier mean age
at menarche among those born in summer compared with
those born in other seasons (13.1 years for summer-born
women v. 13.4 years for winter-born, 13.3 years for spring-
born, and 13.2 years for fall-born; P< 0.01).9 Another study
among women from the U.S. reported a statistically significant
earlier average age at menarche among women born in
February (12.7 years) compared with those born in December
(13.2 years; P< 0.04).10 However, this has not been investi-
gated in tropical climates where the effects of season on health
could be substantial.
Altitude of residence is another environmental factor that

may affect the timing of sexual maturation. Studies in Peru and
Bolivia found that girls living at altitudes >3000m had older
ages at menarche compared with girls living in elevations
<500m; these observations were attributed to the lower oxygen
availability at higher compared with lower elevations.11–13

Nevertheless, some argued that these variations could be
explained by differences in socioeconomic status (SES) and
access to nutrition rather than altitude.14

The aim of this study was to assess whether a higher number
of gestation days exposed to the rainy season was related to an
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earlier age at menarche. We also examined the association of
altitude of residence with age at menarche. In addition, as
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.

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
32 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 10 households were randomly selected
within strata and all household members were invited to partici-
pate. A total 50,670 households were included.

Trained personnel administered questionnaires to the head
of each household to obtain sociodemographic information of
all family members. Girls aged 10 to <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 infor-
mation 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.

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.

To calculate gestation days exposed to the rainy season, we
assumed as the exposure period the 40 weeks before and
including the birthdate. Each day coinciding with the rainy
season within the exposure period contributed to a summary
measure for each girl. This assignment was region-specific,
depending on the weather pattern of the region. There are five
major geographic regions in Colombia: Andean, Pacific,
Atlantic, Orinoquian and Amazonian. Based in part on rainfall

data collected from 1972 to 1998, rainy seasons in the Andean
and Pacific regions occur from April to May and September to
November, whereas there is only one rainy season in the
Atlantic (May to October), Eastern Andean piedmont (July to
August), and Orinoquian (April to November) regions.16,17

The Amazonian region does not experience much variability in
rainfall throughout the year, although from December to May
the precipitation is slightly higher (according to data averaging
years 1964–2003);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, expressed per 30 days of
gestation.
Altitude of residence (in meters) at the time of the survey for

each girl was abstracted from the ENSIN data set and cate-
gorized into altitude of residence zones as 0–999, 1000–1999
or ⩾2000m. It was also considered as a continuous exposure,
expressed per 500m. 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 time of the survey, we assumed that they
were proxies for the SES of the girls’ family environment during
her intrauterine life.

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 expo-
sures. For categorical predictors, we estimated proportions± S.E.
in each category of the primary exposure, and performed Rao-
Scott χ2-tests. For continuous characteristics, we estimated
means± S.E. We performed tests for linear trend using linear
regression models in which a variable representing the quintiles
of gestation days exposed to the rainy season or altitude of
residence zone was introduced as a continuous predictor.
To analyze the relations between the primary exposures and

age at menarche, we employed time-to-event analytic techni-
ques, including the Kaplan–Meier method and Cox propor-
tional hazards models, which consider as the outcome the time
from birth to the age when menarche occurred. These methods
allow the combination of information on menarcheal age from
post-menarcheal girls with the last known age when menarche
had not occurred (age at the survey interview) from pre-
menarcheal girls in the estimation of the population median age
at menarche and hazard ratios (HR). The ‘right censoring’ of
the data that arises from the inclusion of pre-menarcheal girls
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is appropriately accounted for.20 In bivariate analysis, we
estimated the weighted median age at menarche by exposure
categories using Kaplan–Meier cumulative probabilities. 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 HR and 95% confidence intervals (CI), accounting for
the complex survey design. Hazards represent the instanta-
neous rate of the event at any given time point for a given
exposure group. HRs <1 indicate a later age at menarche
compared with the reference group, whereas HRs >1 represent
an earlier age. We conducted tests for linear trend by introdu-
cing into the models a variable representing ordinal categories
of each exposure as a continuous covariate. 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.

Next, we estimated adjusted HRs 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 due to
small sample sizes). For altitude of residence, HRs 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 whether the relation of gestation days
exposed to the rainy season and age at menarche differed
according to 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 III Wald’s tests. All tests incorporated
the complex survey design.

Results

The mean ± S.D. age of girls at the time of the interview was
13.9 ± 2.3 years. In total, 33% of the girls had not experienced
menarche and were censored.
The weighted mean ± S.E. 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 with those of Afro-Colombian or Indigenous
ethnicity (Table 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

Table 1. Sociodemographic characteristics according to weighted quintiles of gestation days exposed to the rainy season among Colombian girls born
1992–2000 a

Characteristics Q1b (n = 2656) Q2 (n = 3157) Q3 (n = 2517) Q4 (n = 2926) Q5 (n = 4114) P c

Gestation days exposed to the rainy season 69 ± 0.6 95 ± 0.1 112 ± 0.2 138 ± 0.2 169 ± 0.4
Year of birth (%) 0.01

1992–1993 22.4 ± 0.9 18.2 ± 0.9 17.5 ± 1.0 16.1 ± 0.9 17.6 ± 0.8
1994–1995 24.0 ± 1.0 25.9 ± 1.0 24.1 ± 1.0 25.3 ± 1.0 27.0 ± 1.0
1996–1997 23.3 ± 0.9 25.6 ± 1.0 26.0 ± 1.1 25.9 ± 1.1 25.6 ± 0.9
1998–2000 30.2 ± 1.0 30.3 ± 1.0 32.4 ± 1.2 32.7 ± 1.2 29.8 ± 1.0

Race/ethnicity (%) <0.001
Mestizo-Caucasian 89.2 ± 0.7 86.7 ± 0.8 82.5 ± 1.0 81.3 ± 1.0 80.4 ± 0.1
Indigenous 2.6 ± 0.4 4.1 ± 0.4 4.8 ± 0.5 5.5 ± 0.6 5.7 ± 0.5
Afro-Colombian 8.2 ± 0.6 9.2 ± 0.7 12.7 ± 0.9 13.3 ± 0.8 13.9 ± 0.9

Maternal education (years) 7.8 ± 0.08 7.6 ± 0.07 7.8 ± 0.08 7.9 ± 0.08 7.8 ± 0.08 0.41
Wealth indexd 2.9 ± 0.04 2.7 ± 0.04 3.0 ± 0.04 3.0 ± 0.04 2.6 ± 0.04 0.006
Geographic region <0.001

Andean 78.5 ± 0.9 60.6 ± 1.1 61.8 ± 1.3 59.0 ± 1.2 26.3 ± 1.2
Pacific 0.3 ± 0.1 26.9 ± 1.0 14.4 ± 0.8 16.4 ± 0.8 52.4 ± 1.2
Atlantic 18.0 ± 0.9 6.9 ± 0.6 22.8 ± 1.1 23.5 ± 1.0 11.5 ± 0.7
Amazonian 0.0 1.9 ± 0.2 1.0 ± 0.1 0.8 ± 0.0 2.8 ± 0.2
Orinoquian 3.2 ± 0.3 3.8 ± 0.4 0.0 0.4 ± 0.0 7.0 ± 0.4

aValues are weighted proportions or means ± SE.
bWeighted quintiles of gestation days that occurred during rainy season, based on region of residence and date of birth.
cFor categorical characteristics, P-values are from Rao-Scott χ2-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.
dThe 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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the Pacific, Amazonian and Orinoquian regions compared with
those from other geographic regions.

The weighted mean ± S.E. altitude of residence was
1194 ± 16m. Girls of Afro-Colombian ethnicity were more
likely to reside in the lowest altitude zone compared with girls
of other ethnicities (Table 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
(interquartile range (IQR) 12.0–13.5). In bivariate analysis,
the number of gestation days exposed to the rainy season was
related to earlier menarche (HR for Q5–Q1 = 1.09, 95% CI
1.02–1.18; P, trend = 0.002, Table 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 with those in the lowest quintile (HR
for Q5–Q1 = 1.08, 95% CI 1.00–1.18, P, trend = 0.03).

In bivariate analysis, altitude of residence was not related to
age at menarche (Table 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 ⩾2000m had a 12% lower prob-
ability of menarche compared with girls living at an altitude
<1000m (HR = 0.88, 95% CI 0.82–0.94; 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 4). There was no association between gesta-
tion days exposed to the rainy season and menarche at an

altitude of residence <2000m, 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 ⩾2000m
(HR = 1.08, 95% CI 1.03–1.14, P, interaction = 0.04).

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 inverse
relation between gestation days exposed to the rainy season and
menarche was mostly apparent among girls residing at altitudes
⩾2000m.
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.9,10,21–24 One recent study among
1,697 Polish women found that those who were born during
summer months (June to August) reported an average age at
menarche that was 0.1, 0.3 and 0.2 years earlier than did
women born during fall, winter and spring, respectively
(P< 0.01).9 In another study among 950 women from the
United States, those born in February had an average age at
menarche that was 0.5 years earlier than the menarche of
women born in December (P< 0.04).10 This difference was

Table 2. Sociodemographic characteristics according to altitude of residence among Colombian girls born 1992–2000 a

Altitude of residence

Characteristics 0–999m (n = 9982) 1000–1999m (n = 3378) ⩾2000m (n = 2010) P b

Year of birth (%) 0.78
1992–1993 18.0 ± 0.5 18.6 ± 0.8 19.1 ± 0.9
1994–1995 25.6 ± 0.5 25.5 ± 0.9 24.3 ± 1.1
1996–1997 25.3 ± 0.5 24.6 ± 0.8 25.9 ± 1.1
1998–2000 31.1 ± 0.6 31.4 ± 1.0 30.6 ± 1.1

Race/ethnicity (%) <0.001
Mestizo-Caucasian 77.3 ± 0.8 87.2 ± 1.0 93.8 ± 0.8
Indigenous 4.6 ± 0.3 4.4 ± 0.7 4.4 ± 0.7
Afro-Colombian 18.1 ± 0.7 8.4 ± 0.8 1.8 ± 0.4

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 31.3 ± 0.9 74.2 ± 1.2 89.9 ± 1.0
Pacific 42.6 ± 0.9 3.8 ± 0.6 1.3 ± 0.5
Atlantic 17.4 ± 0.7 22.0 ± 1.1 8.9 ± 0.9
Amazonian 2.7 ± 0.1 0.0 0.0
Orinoquian 6.0 ± 0.3 0.0 0.0

aValues are weighted proportions or means ± SE.
bFor categorical characteristics, P-values are from Rao-Scott χ2-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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only statistically significant when the analyses were restricted to
women born before 1970. In contrast, studies in the United
Kingdom, United States, Denmark and Italy reported no
association between season of birth and age at menarche.21–24

The rainy season in tropical climates is characterized by
lower sunlight exposure25 which could be related to vitamin D
deficiencies26 or decreases in photoperiod-mediated melatonin
concentrations.27 The rainy season is also marked by higher
transmission rates of infectious diseases including dengue,28

malaria29 and respiratory infections.30 In addition, it may be
linked to food shortages.31 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. Lower
serum vitamin D levels during middle childhood were related
to an earlier age at menarche in a prospective study of girls from
Bogotá, Colombia.32 Although there is no evidence for an
effect of vitamin D deficiency during pregnancy on the onset of
puberty, a recent study among 977 U.K. women showed that
gestational vitamin D deficiency was related to higher adiposity
in the offspring at age 4 and 6 years.33 Childhood obesity is a
predictor of earlier age at menarche.34 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

Table 3. Age at menarche according to gestation days exposed to the rainy season and altitude of residence among Colombian girls
born 1992–2000

n
Median age at

menarche (years)a
Unadjusted hazard
ratio (95% CI)b

Adjusted hazard
ratio (95% CI)c

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)d 0.002 0.03

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

Altitude of residence
0–999m 9982 12.6 1.00 1.00
1000–1999m 3378 12.8 0.92 (0.88, 0.98) 0.88 (0.83, 0.93)
⩾2000m 2010 12.5 0.98 (0.91, 1.04) 0.88 (0.82, 0.94)
P (trend) 0.27 <0.001

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

aFrom Kaplan–Meier survival probabilities.
bFrom a 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.
cEstimates 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.
dFrom a Cox proportional hazards model in which a variable representing ordinal categories of the exposure was introduced

as a continuous predictor and tested with an adjusted Wald’s test.
eFrom an adjusted Wald’s test.

Table 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
(95% CI)a

Adjusted hazard ratio (95%
CI)b

Altitude of
residence

Per 30 gestation days exposed
to the rainy season

Per 30 gestation days exposed
to the rainy season

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

aFrom 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.
bFrom a Cox proportional hazards model adjusted for year of birth,

race/ethnicity and wealth index.
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in exposure to photoperiods during pregnancy affects the
development of the fetal circadian system,27 altering the off-
spring’s response to light cycles around the time of puberty.
Our finding could also have to do with a higher rate of infec-
tious disease transmission or lower availability of food during
the rainy season compared with the dry season. One con-
sequence of these insults is reduced nutrient availability to the
fetus.35 This could act as a prediction of nutrient scarcity in
the extrauterine environment, leading to an acceleration in the
timing of puberty as an adaptive mechanism to optimize
reproductive success.36 Although human studies are lacking,
experimental animal research supports the notion that under-
nutrition during pregnancy may result in accelerations in the
timing of sexual maturation of the offspring.37 In addition,
some epidemiological studies have linked prenatal under-
nutrition with higher incidence of adult obesity.38 An earlier
menarche is related to increased risk of adult obesity.39

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 at altitudes >3000m had later ages at menarche
than girls residing at altitudes <500m. For example, among
4142 Peruvian girls, those living at an altitude of 3400m had a
mean menarcheal age of 13.7 years, whereas girls living at sea
level had a mean age at menarche of 12.2 years.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.40 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 and menarche was mostly apparent
at altitudes ⩾2000m. This could be due to more seasonal
variation at higher altitudes. For example, the seasonal inci-
dence 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 limita-
tions. 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 deliv-
ered pre-term had later ages at menarche41 and had 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 weather data spanning
from 1972 to 1998 (or 1964 to 2003 for Orinoquian region).
This is another source of potential misclassification of the
number of gestation days exposed to the rainy 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.42 Furthermore, we would not expect that
recall of menarche would be differential with respect to the
exposures examined. Girls <10 years were not asked about
menarche. This could result in selection bias if there was a
meaningful number of girls born after 2000 with menarche
<10 years who differed with respect to exposure status from girls
⩾10 years of age. However, there are likely very few girls with
menarche before 10 years of age; among girls born 1992–2000,
only 0.9% had menarche before their 10th birthday. 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 with 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. Ourmeasures
of SES were only a proxy for socioeconomic conditions during
the girls’ intrauterine life, as they were measured at the time of
the outcome measurement. Nonetheless, they are likely to be
reasonable proxies because intragenerational social mobility in
Colombia was relatively low during this period.44 Similarly, we
do not have knowledge on whether altitude of residence at
the time of the survey was reflective of that during gestation.
Notwithstanding, if altitude of residence at the time of the survey
resulted in random misclassification of altitude during gestation
and/or childhood, it could mean that the estimates obtained
were attenuated compared with the true estimates. Finally, we
did not have information on maternal pre-pregnancy body mass
index or physical activity levels, which prevented us from con-
sidering them as potential adjustment variables.
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; this
finding was mostly apparent among girls residing in altitudes
⩾2000m. Conversely, higher altitude of residence in this
Colombian population was related to a later age at menarche
after adjustment for SES indicators.
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