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Background Age at menarche is an important determinant of hormonal-related
neoplasia and other chronic diseases. Spatial and temporal variations
in age at menarche have been observed in industrialised countries and
several environmental factors were reported to have an influence.

Method We examined geographical variations in self-reported age at menar-
che and explored the effects of both latitude and ultraviolet radi-
ation (UVR) dose on the onset of menarche in 88278 women from
the French E3N cohort (aged 40-65 years at inclusion).

Results The mean age at menarche was 12.8 years. After adjustment for
potential confounders (birth cohort, prematurity, birth weight and
length, father’s income index, body silhouette in childhood, food
deprivation during World War II, population of birthplace, number
of siblings, breastfeeding exposure and indoor exposure to passive
smoking during childhood), latitude and UVR dose (annual or
spring/summer) in county of birth were significantly associated
with age at menarche (Pyeng < 0.0001). Women born at lower lati-
tudes or in regions with higher annual or spring/summer UVR dose
had a 3- to 4-month earlier menarche than women born at higher
latitudes or in regions with lower UVR. On a continuous scale, a
1° increment in latitude resulted in a 0.04-year older age at menar-
che [95% confidence interval (CI): 0.03, 0.05], whereas a 1-kJ/m?
increment in annual UVR dose resulted in a 0.42-year younger age
at menarche (95% CI: —0.55, —0.29).

Conclusion These data further suggest that light exposure in childhood may
influence sexual maturation in women.
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Introduction

Age at menarche is an important determinant of
hormone-related neoplasia and many other chronic
diseases.'™ Spatial and temporal variations in age at
menarche have been observed in industrialised coun-
tries,*” and several environmental factors were re-
ported to have an influence, including health status,
diet and socio-economic conditions.® A north-south
gradient in menarcheal age has been described
across several countries of the northern hemi-
sphere”'? but the mechanisms that mediate the asso-
ciation are wunclear. Since northern latitude is
inversely correlated with dose of ultraviolet radiation
(UVR), a role of UVR may be speculated. However, to
our knowledge, no study has explored the association
between UVR exposure and timing of menarche.

In this report, we examined geographical variations
in age at menarche and explored the associations be-
tween both latitude and UVR dose, and age at menar-
che in the French Etude Epidémiologique aupres de
femmes de I'’Education Nationale (E3N) cohort.

Method

Study cohort

E3N is an ongoing prospective cohort study investi-
gating major chronic diseases in women. Participants
were 98995 women born in 1925-1950 and affiliated
with a French national health insurance plan covering
mostly teachers, and who volunteered to join the
study (20% of the invited members of the health in-
surance plan). Women were living in France when
they were enrolled in 1990 and returned an informed
consent along with a self-administered questionnaire
on their lifestyle and medical history. Follow-up ques-
tionnaires were sent approximately every 24-36
months thereafter (until now, nine follow-up ques-
tionnaires have been sent to the participants with
an average response rate of ~80% at each question-
naire, and only 517 women failed to answer any
follow-up questionnaire).

Age at menarche: data collection

Self-reported age at menarche was recorded in
the first two questionnaires, where women answered
the question: ‘At what age did you have your first
menstrual period?’, with an age ranking from 8 to
19 years (one-year categories), and three additional
categories for <7 or >20 years, and for women
who never menstruated. Among participants with
available age at menarche in both questionnaires
(n=79 283), the correlation coefficient between
responses was 0.92 (P < 0.0001), and the Kappa coef-
ficient was 0.68 (P for symmetry < 0.0001), which
represent substantial agreement between the two
measures.'' When ages at menarche were discordant
between the two questionnaires, the mean
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between the two values was used (except if this dif-
ference was >1 year, where the value was considered
missing).

Potential confounders: data collection

Data on county of birth, education, body silhouette
at age 8 years and at menarche, level of suffering
from World War II (WWII) food deprivation, and
physical activity at ages 8-15 years were collected at
baseline. The baseline questionnaire also collected
data on skin complexion and skin sensitivity to sun
exposure, which was defined as the skin burning and
tanning responses when exposed to the sun for the
first time in summer. The second questionnaire
provided data on fathers” professional categories and
passive smoking during childhood. Birth-related data,
such as prematurity and birth weight and length,
were collected in the seventh questionnaire. A de-
tailed description of these data and their relation to
age at menarche in this sample has been reported
elsewhere.'?

Assessment of childhood UVR exposure

Since geographical area of residence during childhood
was not available, we used county of birth as a proxy
variable. We hypothesised that most women remained
in the same area between birth and menarche, since
French women born in 1925-1950 were not likely to
move before marriage."”” In a sensitivity analysis, we
restricted the data set to a sub-sample of women with
identical county of birth and of residence at baseline
(n=34 914). County of birth was linked to a database
containing mean daily erythemal doses (UVR in kJ/
m?/day) and latitude in French metropolitan counties,
which we obtained from the Joint Research Centre of
the European Commission.'* The database covers the
period from 1 January 1984 to 31 August 2003, with
UVR maps covering Europe with a spatial resolution
of 0.05°. UVR doses were estimated with a mapping
algorithm, wusing satellite data, as previously
described."”

Briefly, UVR doses were obtained by interpolation in
a look-up table built using the UVspec code'® of the
libRadtran radiative transfer model package, entries
being solar zenith angle, total column ozone
amount, cloud liquid water thickness, near-surface
horizontal visibility, surface elevation and Earth sur-
face UV albedo. Both satellite (Meteosat, GOME,
TOMS) and non-satellite (synoptic observations, me-
teorological model results, digital elevation model)
data were exploited to assign values to the influen-
cing factors. Daily UVR doses were constructed by
numerical integration of the dose rate estimated at
half-hourly intervals from, and including, the local
solar noon (for each 0.05° x 0.05° pixel). The ery-
themal UV doses were produced by weighing the
UV spectrum with the CIE87 action spectrum. The
quality of the satellite-derived estimates has been
assessed at several sites in Europe with usually good
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relative difference between the satellite estimates and
the measured ground erythemal daily doses and small
bias (<3%)."”

On the basis of these estimations, we computed the
annual and spring/summer mean UVR dose for each
French county and assigned it to the corresponding
county of birth.

Statistical analyses

All analyses were performed using SAS (Version 9.3,
SAS Institute, Cary, NC, USA). All statistical tests and
corresponding P-values were two-sided. Means and
95% confidence intervals (CIs) in UVR and latitude
categories were estimated using multilevel models
with two levels (individual and county of birth),
using the SAS PROC MIXED. Latitude and UVR
were only available at the county level whereas all
other covariates were available at the individual
level. Confounders were selected based on their asso-
ciation with age at menarche and/or UVR dose in our
cohort and included birth cohort (1925-1930; 1931-
1935; 1936-1940; 1941-1945; 1946-1950), father’s
income index (quartiles), population of birthplace
(<1000; 1000-4999; 5000-99 999; >100 000 inhabit-
ants), number of siblings (0; 1; 2; >3), WWII food
deprivation (none or little; moderate; much; menar-
che <1940; not born; missing), birth weight and
length (low; medium; high; missing), body silhouette
at 8 years and at menarche (lean: 1; medium: 2;
large: 3-8; missing), indoor exposure to passive smok-
ing during childhood (never; rarely; a few hours per
week; a few hours per day; several hours per day;
missing) and extra school physical activity during
childhood (none; 1-4 hours/week; >5 hours/week;
missing). As results from multivariable models were
very similar to those of univariate models, only results
from multivariable models were presented. Since
phenotypic characteristics may influence UVR-
mediated effects, we further adjusted our analyses
for skin sensitivity to sun exposure (none, moderate,
high), and skin complexion (very fair, fair, dark, very
dark). For all adjustment factors, multiple imputation
of missing values was performed. The data were
imputed five times using a fully conditional specifica-
tion (FCS) method (SAS procedure PROC MI).
Variables used for imputation were age at menarche,
UVR dose, birth cohort, father’s income index, popu-
lation of birthplace, number of siblings, WWII food
deprivation, birth weight and length, body silhouette
at 8 years and at menarche, indoor exposure to pas-
sive smoking during childhood and extra school phys-
ical activity during childhood. The pooled estimate
was obtained by averaging the estimates from the
five imputed datasets and the confidence intervals
took into account within- and between-imputation
variances. Results obtained with multiple imputation
were compared with those from the complete case
analysis (7 =30489). Since the results obtained with

the two methods were almost identical, we decided to
present only those arising from multiple imputations.

We tested for potential interactions by entering
interaction terms between UVR dose or latitude and
each individual covariate into the multivariable
model; however, none of the interaction terms was
statistically significant (Wald test) and therefore
interaction terms were not included in the final
model. Tests for linear trend were performed by creat-
ing an ordinal score across categories of each variable
and by adding this score in the model.

Results

Of the 98995 cohort participants, we excluded 2477
women (2.50%) with missing or imprecise (<7 or
>20) menarcheal age, and 25 (0.03%) who reported
primary amenorrhoea. Since UVR data were only
available in metropolitan France, we restricted our
analysis to this geographical area, thus excluding an-
other 7530 (7.61%) women born in foreign countries
or the French overseas territories. We also excluded
655 (0.66%) subjects with missing data on county of
birth and 30 (0.03%) who were deported during
WWII before menarche, thus leaving a final sample
of 88278 women for analysis.

Among them, mean age at menarche was 12.8 years
(SD=1.42) and median age was 13.0 years. Menarche
occurred before age 12 in 4.7% of women. Figure 1
presents the geographical distribution of quartiles of
annual and spring/summer UVR dose and latitude in
our study population. Lower latitude corresponds to
higher doses of UVR (Figure 2, correlation
coefficient =—0.97), with small differences in the
classification since altitude is also taken into account
in the UVR estimation. Table 1 presents the mean
latitude and UVR dose according to the participants’
characteristics. Lower latitude and higher annual UVR
dose in county of birth were observed in women in
the lowest quartile of father’s income index, from a
rural birthplace (<1000 inhabitants), who did not
suffer from WWII food deprivation, with lower birth
weight and length or leaner silhouette at age 8 years
or at menarche, not exposed to passive smoking
during childhood and who reported more extra
school physical activity but less walking activity
during childhood. Women who were breastfed were
also on average exposed to higher residential UVR
doses.

After adjustment for potential confounders, latitude
and UVR dose (annual or spring/summer) in county
of birth were significantly associated with age at me-
narche (Pyeng < 0.0001, Figure 3). Women born at the
lowest latitudes had an average age at menarche 34
months earlier than those born at the highest lati-
tudes. In contrast, women born in counties with the
highest annual or spring/summer UVR dose were 3—4
months younger at menarche on average than those
born in counties with the lowest UVR doses.
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Figure 1 Geographical repartition of quartiles of UV dose and latitude in France (mean data by county)
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Figure 2 Latitude by UVR dose in French counties

A slightly older age at menarche(~12.9 years) was
observed among women born at latitude 48°, an
annual UVR dose of 1.40-1.49kJ/m” or a spring/
summer UVR dose of 2.30-2.49 kJ/m?. On a continu-
ous scale, an increment of 1° in latitude resulted in a
0.04—year older age at menarche (95% CI: 0.03, 0.05)
whereas an increment of 1kJ/m? in annual UVR dose
resulted in a 0.42-year younger age at menarche (95%
CI: —0.55, —0.29). Further adjustment for skin com-
plexion or sensitivity to sun exposure did not alter the
estimates for either UVR dose or latitude. In addition,

estimates and trends were almost identical when re-
stricting the analyses to the sub-sample of women
who reported living in the same county at birth and
at baseline (data not shown).

We found no evidence for a significant interaction
between latitude or UVR dose (annual or spring/
summer) and any of the individual covariates con-
sidered in the model. In addition, there was no evi-
dence for an interaction with skin complexion, and
results were very similar among women with fair or
dark skin (data not shown).
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Table 1 Mean (SD) latitude and UVR dose in county of birth according to characteristics of the study population, E3N
cohort 1990-1992 (n=388278)

Spring/Summer
Annual UVR dose UVR dose
Variable Missing data Latitude [kJ/m?] [kJ/m?]
Birth cohort 0%
1925-1930 47.28 (2.15) 1.51 (0.17) 2.51 (0.23)
1931-1935 47.12 (2.20) 1.52 (0.18) 2.53 (0.24)
1936-1940 47.04 (2.22) 1.53 (0.18) 2.54 (0.25)
1941-1945 46.90 (2.22) 1.54 (0.18) 2.56 (0.25)
1946-1950 47.27 (2.17) 1.52 (0.18) 2.52 (0.24)
Piend 0.29 0.49 0.25
Father’s income index® 27.9%
Quartile 1 46.84 (2.20) 1.55 (0.18) 2.56 (0.24)
Quartile 2 47.41 (2.17) 1.50 (0.18) 2.51 (0.24)
Quartile 3 47.01 (2.17) 1.53 (0.18) 2.54 (0.24)
Quartile 4 47.29 (2.15) 1.51 (0.18) 2.52 (0.24)
Piend <0.0001 <0.0001 <0.0001
Population of birthplace 0%
< 1000 46.80 (2.17) 1.54 (0.17) 2.55 (0.22)
1000-4999 49.92 (2.13) 1.54 (0.17) 2.55 (0.23)
5000-99 999 4730 (2.23) 151 (0.18) 2.52 (0.25)
> 100000 47.19 (2.18) 1.53 (0.19) 2.54 (0.26)
Pirend <0.0001 <0.0001 <0.0001
Birth 29.0%
Singleton 47.10 (2.18) 1.53 (0.18) 2.54 (0.24)
Multiple 47.14 (2.18) 1.52 (0.18) 2.53 (0.24)
Number of siblings 34.6%
0 47.13 (2.20) 1.53 (0.18) 2.53 (0.24)
1 47.02 (2.21) 1.53 (0.18) 2.54 (0.24)
2 47.09 (2.19) 1.53 (0.18) 2.54 (0.24)
>3 47.21 (2.13) 1.52 (0.17) 2.52 (0.24)
Puend <0.0001 <0.0001 <0.0001
In utero exposure to ma- 20.7%
ternal smoking
No 47.1 (2.20) 1.53 (0.18) 2.54 (0.24)
Yes 47.2 (2.14) 1.52 (0.18) 2.53 (0.24)
Breastfeeding exposure 28.0%
Never 47.30 (2.16) 1.51 (0.18) 251 (0.24)
Ever 47.00 (2.21) 1.54 (0.18) 2.55 (0.25)
Suffering from WWII 2.8%
deprivation?®

None or little 46.95 (2.20) 1.54 (0.18) 2.55 (0.24)
Moderate 47.20 (2.20) 1.52 (0.18) 2.53 (0.25)
Much 47.27 (2.26) 1.52 (0.19) 2.53 (0.26)
Piend <0.0001 <0.0001 0.75

(continued)



Table 1 Continued
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Spring/Summer
Annual UVR dose UVR dose
Variable Missing data Latitude [kJ/m?] [kJ/m?]

Premature birth 20.0%
No 47.10 (2.20) 1.53 (0.18) 2.54 (0.24)
Yes 47.11 (2.17) 1.53 (0.18) 2.54 (0.24)
Birth weight (kg) in 5.4%

women born at full term
<25 46.97 (2.16) 1.53 (0.17) 2.55 (0.23)
2.5-4 47.10 (2.20) 1.53 (0.18) 2.54 (0.24)
>4 47.15 (2.25) 1.52 (0.18) 2.53 (0.25)
Pirend 0.0006 0.004 0.002
Birth height (cm) in 12.7%

women born at full term
<48 47.00 (2.20) 1.53 (0.18) 2.54 (0.24)
48-52 47.10 (2.20) 1.53 (0.18) 2.54 (0.24)
>52 47.14 (2.26) 1.52 (0.19) 2.53 (0.25)
Piend 0.0001 0.008 0.02
Body silhouette at age 8 5.8%

years
1 47.04 (2.23) 1.53 (0.18) 2.54 (0.25)
2 47.18 (2.17) 1.52 (0.18) 2.53 (0.24)
>3 47.20 (2.16) 1.52 (0.18) 2.52 (0.24)
Pirend <0.0001 <0.0001 <0.0001
Body silhouette at 4.3%

menarche
<2 47.04 (2.25) 1.53 (0.18) 2.54 (0.25)
3 47.11 (2.21) 1.53 (0.18) 2.54 (0.24)
>4 47.15 (2.17) 1.52 (0.18) 2.53 (0.24)
Pirend <0.0001 <0.0001 <0.0001
Passive smoking during 18.0%

childhood
Both parents smoked 4730 (2.15) 1.52 (0.18) 2.52 (0.25)
One parent smoked 47.20 (2.21) 1.52 (0.18) 2.53 (0.24)
Parents did not smoke 46.98 (2.17) 1.54 (0.18) 2.55 (0.24)
Pirend <0.0001 <0.0001 <0.0001
Frequency of exposure to 19.0%

passive smoking during

childhood
Never 46.97 (2.18) 1.54 (0.18) 2.55 (0.24)
Rarely 47.09 (2.19) 1.53 (0.18) 2.54 (0.24)
A few hours per week 47.27 (2.18) 1.51 (0.18) 2.52 (0.24)
A few hours per day 47.22 (2.21) 1.52 (0.18) 2.53 (0.25)
Several hours per day 47.39 (2.14) 1.51 (0.18) 2.51 (0.24)
Piend <0.0001 <0.0001 <0.0001

(continued)

595



596 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Table 1 Continued

Spring/Summer
Annual UVR dose UVR dose
Variable Missing data Latitude [kJ/m?] [kJ/m?]

Extra school physical 13.4%

activity at 8-15 years old
No extra school physical 47.10 (2.18) 1.53 (0.18) 2.54 (0.24)

activity
1-4 h/week 47.11 (2.17) 1.53 (0.18) 2.54 (0.24)
> 5hjweek 47.00 (2.21) 1.54 (0.18) 2.55 (0.25)
Pirend 0.10 0.001 0.0003
Walking activity between 8 19.5%

and 15 years old
< 2hjweek 47.04 (2.18) 1.53 (0.18) 2.54 (0.24)
3—4h/week 47.06 (2.15) 1.53 (0.18) 2.54 (0.24)
> 5h/week 47.18 (2.17) 1.52 (0.18) 2.53 (0.24)
Piend <0.0001 <0.0001 <0.0001

Among women born < 1945.

Discussion

To our knowledge, this large cross-sectional analysis
of a prospective study among women is the first to
report an inverse association between age at menar-
che and UVR dose in county of birth. Women born in
regions with the lowest category of latitude or the
highest category of annual or spring/summer UVR
dose had their menarche 3-4 months earlier than
women born in region with lower latitudes or
higher UVR doses. In comparison, we have previously
shown that girls with larger body silhouettes and with
more than three siblings had their menarche about 5
months earlier compared with those who were leaner
or with no siblings."?

Main strengths of our study include its large sample
size and the use of reliable data on UVR dose and
latitude in French counties. Solar irradiance was
documented by satellite UVR dose calculations that
take into account both the atmospheric ozone content
and cloud conditions, the two main modulators of
UVR doses.'* Thus, use of UVR in addition to latitude
may have reduced possible exposure misclassification
with regard to sunlight exposure.

Use of average UVR dose estimated over the period
1984-2003 may account for an important limitation of
our study, as UVR dose calculations between 1935
and 1960 were not available and were probably dif-
ferent due to pollution and climate changes. However,
we found significant inverse correlations between lati-
tude and UVR in county of birth, and we observed a
similar inverse trend of age at menarche as related to
latitude.

Another limitation is that, by exploring the link be-
tween age at menarche and UVR dose in county of
birth, we made the strong hypothesis that women

remained in the same geographical area between
birth and menarche. In addition, no data were avail-
able in the E3N cohort on behavioural sun exposure
during childhood. However, results from our sensitiv-
ity analysis excluding women who moved to different
French counties between birth and cohort baseline led
to almost identical results. It is also possible that
women living in the north of France at the beginning
of WWII moved to the south of France, where people
were less exposed to restrictions. Such migrations
would have attenuated the effects observed for lati-
tude and UVR and resulted in lower estimates in
older women (i.e. born before WWII).

Another limitation is the fact that age at menarche
was retrospectively collected from women aged 40-65
years at baseline, and therefore long after its occur-
rence. However, an independent validation study
showed that women around the menopause have an
accurate recall of their age at menarche and body size
during childhood (correlation between original and
recalled =0.8 for age and 0.6 for body size) and con-
cluded that retrospective data are valid exposure
measures that can be used in epidemiological stu-
dies.'® Therefore, although there is a possibility for
recall bias in our study, we believe that it is unlikely
to be of great magnitude, and since this bias is likely
non-differential between early and late menarche, it
would most likely lead to an underestimation of our
results.

Participants in the E3N cohort were mainly female
teachers with high levels of education and socio-
economic status. Although this constitutes a selected
population as compared with the general French
population, there is no biological reason that our re-
sults on the association between UVR doses in region
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A)

?Adjusted for birth cohort, premature birth, birth weight, birth height, father’s income index, body silhouette at age 8 years,

body silhouette at menarche, suffering from WWII deprivation, size of place of birth, number of siblings, breastfeeding

exposure and frequency of indoor exposure to passive smoking during childhood
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of birth and age at menarche do not apply to all
women. However, we cannot completely rule out a
spurious association due to unknown mediators or
residual confounders. Although a minimal difference
was observed in our point estimates before and
after adjustment for several recognized potential
determinants of menarcheal age, residual confound-
ing may still be present. Indeed, this minimal
difference could also indicate that the confounders
used did not measure the concepts of interest well
or did not include key confounders. In particular, al-
though Dbetter nutrition could be patterned
geographically at the time the study subjects were
children and related to earlier menarche, it may not
have been appropriately captured by the adjusting
variables.

It should also be noted that the association
between age at menarche and UVR dose or latitude
was not strictly linear since a small non-significant
older age at menarche was observed among women
born at latitude 48° or annual UVR dose of
1.40-1.49kJ/m?. Since these areas include the Paris
region, these associations might be explained by the
confounding effect of factors related to this large
urban area, such as differences in lifestyle, pollution
or mobility.

An association between latitude and menarcheal age
has been previously described'” and, to our knowledge,
only one ecological study suggested sunlight-mediated
endocrine effects on the control of pubescence.'’
Several mechanisms can be proposed to explain our
findings. First, higher photoperiod (i.e. day length)—
and therefore exposure to light—associated with lati-
tude could at least partly explain our observed associ-
ations with menarcheal age. Studies on seasonality of
menarche indicated summer peaks in menarche occur-
rence which might be due in part to higher photo-
period.”***> An inverse association between artificial
light exposure and age at menarche has also been sug-
gested.”® The hypothesis of a possible effect of light on
the activation of the hypothalamus to trigger puberty
mainly derives from previous observations in birds®’
and rodents.”® Photoperiodic information in mammals
is coded into a biochemical signal to the hypothalamic
reproductive system via melatonin,”*?° a pineal hor-
mone with circadian production rhythm. UVR has
also been associated with melatonin production.’!*?
However, the well-described decline of melatonin at
the same time as pubertal development may be the
consequence of maturation of the neuroendocrine-go-
nadal axis, rather than the manifestation of a negative
regulatory role of melatonin.>*>*

New insights on endocrine control of puberty may
suggest a role of kisspeptin in its onset.”® Observed
photoperiodic variations in kisspeptin combined with
the evidence that pinealectomy alters KISS-1 expres-
sion’® suggest responsiveness of the kisspeptin system
to melatonin, although the presence of functional
melatonin receptors on Kkisspeptin neuronal cells is

still debated.**>”?® Alternatively, a role of vitamin D
deficiency in women less exposed to sunlight might
be speculated, but studies on this topic have been
conflicting.”**%*!

Next to these potential biological pathways, some
differences in diet, temperature or genetic factors
across French regions may also account for our obser-
vations. Regarding dietary differences, previous stu-
dies on diet and nutrient intake in relation to age at
menarche?®*! suggested that menarcheal onset was
rather related to weight changes due to variations in
dietary habits than to the diet composition itself. In
the present study, body sizes at and before menarche
have been taken into account in the analyses, as well
as food deprivation during WWII. Our results might
also be explained by temperature differences between
southern and northern France, although no clear as-
sociation has been found between temperature and
menarcheal age.'” On the other hand, studies have
shown that girls living at high altitude had a delayed
menarche.'? This observation is in apparent contradic-
tion with a negative association of UVR with
menarcheal age since UVR doses correlate positively
with altitude. However, the cohort did not include
enough women living at high altitudes to bias our
estimates.

Conclusion

In conclusion, we demonstrated an inverse dose-effect
relationship between latitude and UVR dose in county
of birth in relation to age at menarche in women
participating in the E3N cohort who were born in
metropolitan France. These data further suggest that
light exposure in childhood may influence sexual
maturation. Future research should involve a wider
span of latitude and accurate data on living areas
and sun exposure before menarche to refine this
association.
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