Eur J Epidemiol (2011) 26:771-778
DOI 10.1007/s10654-011-9623-0

MORTALITY

Early age at menarche associated with increased all-cause

mortality

Koji Tamakoshi - Hiroshi Yatsuya -
Akiko Tamakoshi * For the JACC Study Group

Received: 23 May 2011/ Accepted: 4 October 2011 /Published online: 18 October 2011

© Springer Science+Business Media B.V. 2011

Abstract The objective was to examine the association
between age at menarche and all-cause mortality. A popu-
lation-based prospective study involving 55,128 Japanese
women aged 40-79 years in 1988-1990 and followed up to
December 2006 was used. A total of 6,967 deaths occurred
during the follow-up. Hazard ratios (HR) and 95%
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confidence intervals (CI) adjusted for age, smoking and
drinking status, exercise, sleeping hours, parity, menopausal
status, and body mass index at baseline were calculated by
Cox proportional hazards model. The HRs (95% CI) of all-
cause mortality were 1.16 (1.01-1.32), 1.01 (0.92-1.11),
1.00, 0.97 (0.90-1.05), 0.98 (0.91-1.05), 0.92 (0.84-1.01),
and 1.05 (0.96-1.14) for women with menarche aged 9-12,
13, 14 (referent), 15, 16, 17, 18-20 years, respectively,
indicating an inverse J-shaped association (P for quadratic
trend <.0l1). Moreover, women with menarche aged
<12 years have a significantly high risk of all-cause mor-
tality compared with those with menarche aged >13 years
(HR 1.17, 95% CI 1.03-1.33). Comparing between women
with menarche aged <13 years and >14 years, those with
earlier age at menarche had borderline significantly high risk
of all-cause mortality in both comparisons (HR 1.07,95% CI
0.99-1.15, P = .082). Japanese women with early age at
menarche of <12 years were associated with increased risk
of all-cause mortality and those with late age at menarche of
>18 years also had a slightly higher mortality risk. These
associations were independent of lifestyle, anthropometric,
and reproductive factors.
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Introduction

The first menstrual period, menarche, is a very important
event since it may provide information related to inter-
individual variations in developmental, nutritional and
hormonal exposures. Early menarche could be associated
with some physiological characteristics related to the
metabolism of fat storage, and from there to adult obesity.
Alternatively, early age at menarche could result from pre-
existing risk factors in early adolescence such as high BMI.
Furthermore, early and very late age at menarche could be
indicative of pre-existing diseases. Age at menarche is one
of the important reproductive factors related to women’s
health directly or indirectly. However, little attention has
been paid to the effect of this landmark on later health or
morbidity except for hormone-related disease such as
breast cancer [1, 2]. It is only recently that, for the purpose
of prevention and management of cardiovascular disease
(CVD) in women, the relationship between reproductive
history and CVD risk factors has been studied [3—-11].
Early menarche has been associated with many different
CVDrrisk factors and metabolic syndrome among adolescent
girls or young adult women [8—11]. There is conflicting
evidence regarding relationships between age at menarche
and CVD morbidity [3-7]. To our knowledge, four studies
have examined the association between age at menarche and
all-cause mortality among occidental people [6, 7, 12, 13].
All of these studies suggested that early age at menarche was
associated with increased risk of all-cause mortality, though
the confounding factors were not considered enough or
sample size was not large enough to divided age at menarche
into many categories. Additionally, the mean age at menar-
che among occidental women was comparatively low. To
confirm this association, a similar study is needed in other
countries or races with different genetic and socio-economic
backgrounds. We report here on the impacts of recalled age
at menarche on the risk of all-cause mortality using data
obtained from a large sample of Japanese women partici-
pating in the Japan Collaborative Cohort Study for Evalua-
tion of Cancer Risk; the JACC Study designed prospectively.
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Methods
Study population

The Japan Collaborative Cohort Study for Evaluation of
Cancer Risk, the JACC Study (sponsored by the Ministry
of Education, Culture, Sports, Science, and Technology of
Japan), is a nationwide multicenter collaborative study to
prospectively evaluate the various risks and/or protective
factors on cancer mortality and incidence. Study methods
and ethical issues have been described in detail elsewhere
[14, 15]. Briefly, it was initiated in 1988, and enrollment
continued until the end of 1990. We enrolled 127,477
apparently healthy inhabitants from 45 areas who com-
pleted the survey questionnaire. In 22 out of 45 areas, all
residents living in a given target area were regarded as
study subjects. In 20 areas, those who had undertaken a
basic health examination that was conducted under the
Health and Medical Service Law for the Aged were invited
to participate in the study. In 2 areas, the study subjects
consisted of health examination examinees plus volunteers.
In one area, subjects were defined based on the health
checkup for atomic bomb survivors. Of the 127,477
enrolled, 110,792 (46,465 men and 64,327 women), aged
40-79 years, were followed. The study was approved by
the Nagoya University Ethics Review Committee.

A self-administered questionnaire was used to assess the
baseline characteristics of participants. It covered medical
history and included lifestyle-related items such as physical
activity, drinking and smoking, and sleeping hours per day.
For women, information was obtained on menstrual factors
(age at menarche and age at menopause), and reproductive
variables (number of parity). In the questionnaire, weight
in kilograms and height in cm were entered by participants
after the words ‘Current weight and height’. Of the 64,327
women, we excluded subjects with any of the following
criteria: no available data to evaluate vital status during the
follow-up period (n = 2) and missing information on age
at menarche (n = 6,285), height (n = 3,824), and weight
(n = 2,662). In addition, we also excluded one with
recalled menarche aged 6, one aged 8, and 174 women
whose recorded age at menarche was greater than 20 years.
In all, 9,197 subjects were excluded, and the remaining
55,128 women were included in the present study.

Follow-up

The causes and dates of death among the subjects were
identified by reviewing all death certificates in each area
with the permission of the Director-General of the Prime
Minister’s Office (Ministry of Internal Affairs and Com-
munications). Those who moved out of a study area were
treated as censored. We followed the subjects until the end
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of 2006, except in 8 areas where follow-ups were discon-
tinued at the end of 1999 or 2003.

Statistical analysis

First, we divided the subjects into 10 birth cohorts (1905-
1909, 1910-1914, 1915-1919, 1920-1924, 1925-1929,
1930-1934, 1935-1939, 1940-1944, 1945-1949, and
1950-1954) to evaluate the change of age at menarche.
Second, age at menarche was categorized into 9—12 (the
number of subjects with menarche aged 9, 10, 11, and 12
were 9, 65, 383, and 3,127, respectively.), 13 (n = 7,924),
14 (n =12,390), 15 (n = 12,213), 16 (n = 8,872), 17
(n = 4,789), and 18-20 (the number of subjects with
menarche aged 18, 19, and 20 were 3,327, 1,364, and 465,
respectively.) For each participant, the person-years of
follow-up were calculated from the date of filling out the
baseline questionnaire to death from any cause, moving out
of the study area, or the end of the follow-up period,
whichever occurred first. Cox proportional hazards mod-
eling was used to compute the relative risks (RRs) of
mortality in respective age of menarche groups, with the
group aged 14 years considered as the reference category.
Adjusted RRs for mortality by age at menarche were
estimated in 3 models as follows: model 1, adjusted for age
at baseline; model 2, as in model 1 + study area (23
areas) + smoking status (never, past, current), alcohol
consumption (none, past, present), exercise: ‘How long do
you exercise or engage in sports in a week?’ (=5, 3-4,
1-2 h per week, seldom), sleeping hours per day (<7, 7—
<9, >9), parity (0, 1, 2, 3, >4), and menopausal status
(pre-menopause, menopause); model 3, as in model
2 + body mass index (BMI) [weight in kilograms/(height
in meters)?] of 25 kg/m” and over. These variables were
assessed by the baseline questionnaire and were selected as
covariates because they were known or suspected to
modify the risk of mortality. In the analysis, all variables
except for age at baseline were treated as categorical
variables, which were entered into the model as dummy
variables. Missing values for each covariate were treated as
an additional category of variables and were included in the
model. A linear trend of association was assessed by the
regression model assigning a score (0, 1, 2, ...) to the levels
of each independent variable. A quadratic trend of asso-
ciation was assessed with the model including a quadratic
term. For proportional hazards function, a log—log trans-
formation of the survival curve was used. This transfor-
mation produced survival curves were parallel and differ
because of the presence of explanatory variables.

All analyses were calculated using the SPSS 17.0 sta-
tistical package. The 95% confidence intervals (CI) were
presented for all RR. All P values were based on two-sided

tests, in which P < .05 was considered statistically
significant.

Results

The mean (standard deviation: SD) age of the participants
was 57.1 (9.9) years. The mean BMI was 22.9 (3.1). The
mean and median ages at menarche were 15.0 (SD: 1.77)
and 14 years, respectively. The proportion of menopausal
women was 69.6%.

Table 1 shows the association between the mean age at
menarche and birth cohort. There was a linear inverse trend
(P for trend <.001). The proportion of women with men-
arche aged <12 years dramatically increased from 1.7% in
women born in 1905-<1910 to 28.2% in those born in
1950—<1955. The proportion of current or past smoker (no
significant trend: P = .560), current or past drinker (sig-
nificantly increased trend: P < .001), taking exercise for no
<1 h per week (significantly decreased trend: P < .001),
sleeping 7-<9 h/day (significantly decreased trend:
P <.001), and having 3 children or more (significantly
decreased trend: P < .001) were significantly different
across the birth cohort.

Table 2 demonstrates descriptive characteristics of
study women according to age at menarche. The age at
baseline increased significantly across the categories of age
at menarche (P for linear trend <.001). The mean of BMI
shows a significant and inverse association with age at
menarche (P for linear trend <.001). There were statisti-
cally significant associations between age at menarche and
smoking status (P < .001), alcohol drinking status
(P < .001), exercise (P < .001), sleeping hour (P < .001),
and the number of parity (P < .001) though those associ-
ations may be confounded by age at enrollment.

A total of 6,967 deaths occurred during the follow-up of
818,379 person years (mean: 14.8 years). Table 3 describes
the association between age at menarche and all-cause
mortality, with age at menarche categorized into 7 groups.
The multivariate-adjusted HR (95% CI) of all-cause mor-
tality for the women with menarche aged <12 years
compared with those with menarche aged 14 years was
1.16 (1.01-1.33). The association between age at menarche
and all-cause mortality was likely to show an inverse trend
in comparison to the category of menarche aged 17 years
but women with menarche aged >18 years also have a
higher mortality, indicating a J-shaped association (P for
quadratic trend = .003). We repeated the analysis with age
at menarche as a continuous variable. The results showed
the adjusted HR corresponding to the linear term for age at
menarche was 0.74 (0.62-0.89) and the adjusted HR cor-
responding to the quadratic term was 1.01 (1.004—1.02). In
addition, we combined the categories of menarche aged
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Table 1 Age at menarche and lifestyle related factors by birth cohort, JACC study, 1988-2006

Number of Mean age at Current or past Current or Regular exercise Sleep Parity
women menarche® smoker past drinker (=1 h/week) (7-<9 h/day) (=3)
All women 55,130 15.0 (1.77) 7.0% 26.5% 23.9% 35.2% 49.0%
Birth cohort
1905-<1910 296 16.1 (1.58) 10.9% 16.9% 28.3% 52.3% 83.0%
1910-<1915 2,536 15.7 (1.59) 8.7% 19.9% 31.7% 46.8% 79.7%
1915-<1920 4,233 15.6 (1.70) 8.2% 21.2% 32.7% 40.5% 74.3%
1920-<1925 7,149 15.5 (1.72) 6.9% 21.9% 29.0% 35.0% 69.8%
1925-<1930 9,718 15.4 (1.81) 5.8% 23.2% 24.6% 32.0% 57.7%
1930-<1935 9,549 15.4 (1.80) 6.4% 26.2% 21.2% 30.9% 42.9%
1935-<1940 8,048 14.7 (1.54) 6.0% 29.8% 20.1% 33.6% 39.2%
1940-<1945 7,447 14.1 (1.35) 7.2% 33.2% 20.1% 37.3% 36.7%
1945-<1950 5,800 13.6 (1.27) 9.0% 31.6% 22.9% 37.1% 36.9%
1950-<1955 354 13.2 (1.22) 5.9% 22.4% 23.6% 36.2% 38.4%
P for difference <.001 <.001 <.001 <.001 <.001 <.001
P for trend <.001 0.560 <.001 <.001 <.001 <.001

# Number in parentheses indicates standard deviation

>13 years. Women with menarche aged <12 years have a
significantly high risk of all-cause mortality compared with
those with menarche aged >13 years [HR (95% CI): 1.17
(1.03-1.33)]. Moreover, we increased the border of age at
menarche gradually. Comparing between women with
menarche aged <13 and >14 years, those with earlier age
at menarche had borderline significantly high risk of all-
cause mortality (P = .082), whereas there was no signifi-
cant difference in all-cause mortality risk in other
comparisons.

In a separate analysis, we excluded women with an
extreme early (aged <9 years) and extreme late
(aged > 18 years) age at menarche. The HRs (95% CI) of
all-cause mortality were 2.45 (1.39-4.33), 1.28 (0.88—1.88),
1.10 (0.95-1.28), 1.01 (0.92-1.11), 1.00 (referent), 0.97
(0.90-1.05), 0.98 (0.91-1.06), and 0.92(0.84-1.01) for
women with menarche aged 10, 11, 12, 13, 14 (referent), 15,
16, and 17 years. Thus, the linear trend was observed (P for
linear trend = .004). A 1-year increase in age at menarche
was associated with a 3% reduction in total mortality [HR
(95% CI): 0.97 (0.95-0.99)].

Discussion

We examined the association between age at menarche and
all-cause mortality among 55,128 Japanese women during
the mean follow-up period of 14.8 years. We were able to
compare the risk of all-cause mortality among 7 categories
of age at menarche (9-12, 13, 14, 15, 16, 17, and
18-20 years) because of the large number of women in the
study. Consequently, not only earlier age at menarche but
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also high age at menarche was associated with an increased
mortality, indicating an inverse J-shaped association
between age at menarche and all-cause mortality.

To our knowledge, only four studies examined the
association between age at menarche and all-cause mor-
tality previously [6, 7, 12, 13]. The summary of respective
study deserves to be mentioned to clarify the similarity and
difference between our study and the 4 previous studies.
The study by Jacobsen et al. [12] followed up 61,319
Norwegian women aged 32-74 for 37 years, though the
important confounding factors such as smoking status and
body size were not collected. The main findings were that
mortality rate ratios of menarche aged <11, 12, 13, 14, 15,
16, 17, and 18-19 years were 1.13, 1.08, 1.02, 1.00 (ref-
erent), 0.97, 0.96, 0.94, and 1.02, respectively (P for sec-
ond-order term <.001). They also conducted a cohort study
of 19,462 Californian Seventh-Day Adventist women aged
26-101 and followed-up from 1976 to 1988 [7]. Mortality
rate ratios of menarche aged 9-10, 11, 12, 13, 14, 15, 16,
and 17-18 years were 1.45, 1.20, 1.11, 1.00 (referent),
0.96, 0.96, 1.11, and 0.88, respectively, after adjustment for
the confounding factors (P for linear trend <.001).
Lakshman et al. [6] examined a population-based cohort
study of 15,807 Caucasian women living in Norfolk,
United Kingdom, aged 40-79 years at recruitment in
1993-1997 and followed up to 2007. HRs of menarche
aged 8-11, 12, 13, 14, and 15-18 years were 1.00 (refer-
ent), 0.81, 0.86, 0.87, and 0.82, respectively (P for linear
trend = .039). However, potentially important factors such
as menopausal status were not collected. Giles et al. [13]
studied this association in 1,031 women aged 65-103 years
drawn from the general Australian population over
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Table 2 Descriptive characteristics of study women by age at menarche, JACC Study, 1988-2006
Age at menarche (year) P for P for
difference linear
9-12 13 14 15 16 17 18-20 trend
Number 3,586 7,924 12,390 12,213 8,872 4,989 5,156
Age (year)” 50.4 (9.4) 52.9 (9.8) 54.7 (9.8) 57.4 (9.6) 61.0 (8.5) 62.2 (8.1) 61.8 (7.6) <.001 <.001
Body mass index 23.4 (3.1) 23.1 (3.1) 23.0 (3.0) 229 (3.1) 229 (3.2) 22.8 (3.2) 22.7 (3.4) <.001 <.001
(kg/m?)?
Smoking status (%)°
Current smoker 213 (5.9) 357 (4.5) 548 (4.4) 539 (4.4) 422 (4.8) 237 (4.8) 268 (5.2) <.001
Past smoker 61 (1.7) 116 (1.5) 178 (1.4) 162 (1.3) 141 (1.6) 81 (1.6) 70 (1.4)
Never smoker 3,040 (84.8) 6,648 (83.9) 10,399 (83.9) 10,041 (82.2) 7,069 (79.7) 3,988 (79.9) 4,137 (80.2)
Unknown 272 (7.6) 803 (10.1) 1,265 (10.2) 1,471 (12.0) 1,240 (14.0) 683 (13.7) 681 (13.2)
Alcohol drinking status (%)°
Current drinker 989 (27.6) 2,020 (25.5) 3,002 (24.2) 2,734 (22.4) 1,866 (21.0) 1,005 (20.1) 1,054 (20.4) <.001
Past drinker 58 (1.6) 108 (1.4) 174 (1.4) 183 (1.5) 122 (1.4) 89 (1.8) 94 (1.8)
Never drinker 2,394 (66.8) 5,309 (67.0) 8,436 (68.1) 8,328 (68.2) 6,008 (67.7) 3,420 (68.6) 3,527 (68.4)
Unknown 145 (4.0) 487 (6.1) 778 (6.3) 968 (7.9) 876 (9.9) 475 (9.5) 481 (9.3)
Exercise (h/week) (%)°
>5 91 (2.5) 231 (2.9) 400 (3.2) 436 (3.6) 399 (4.5) 228 (4.6) 235 (4.6) <.001
34 159 (4.4) 357 (4.5) 502 (4.1) 575 (4.1) 437 (4.9) 229 (4.6) 245 (4.8)
1-2 474 (13.2) 1,002 (12.6) 1,472 (11.9) 1,425 (11.7) 955 (10.8) 545 (10.9) 540 (10.5)
Seldom 2,439 (68.0) 5,163 (65.2) 8,097 (65.4) 7,642 (62.6) 5,342 (60.2) 2,941 (58.9) 3,128 (60.7)
Unknown 423 (11.8) 1,171 (14.8) 1,919 (15.5) 2,135 (17.5) 1,739 (19.6) 1,046 (21.0) 1,008 (19.6)
Sleep (h/day) (%)°
<7 1,143 (31.9) 2,390 (30.2) 3,604 (29.1) 3,283 (26.9) 2,159 (24.3) 1,242 (24.9) 1,281 (24.8) <.001
7-<9 2,172 (60.6) 4,850 (61.2) 7,650 (61.7) 7,573 (62.0) 5,517 (62.2) 3,010 (60.3) 3,089 (59.9)
>9 121 (3.4) 292 (3.7) 529 (4.3) 720 (5.9) 638 (7.2) 451 (9.0) 504 (9.8)
Unknown 150 (4.2) 392 (4.2) 607 (4.9) 637 (5.2) 558 (6.3) 286 (5.7) 282 (5.5)
Parity”
0 95 (2.6) 219 (2.8) 304 (2.5) 314 (2.6) 237 (2.7) 126 (2.5) 175 (3.4) <.001
1 280 (87.8) 620 (7.8) 936 (7.6) 836 (6.8) 597 (6.7) 301 (6.0) 376 (7.3)
2 1,548 (43.2) 3,360 (42.4) 4,933 (39.8) 4,455 (36.3) 2,713 (30.6) 1,412 (28.3) 1,399 (27.1)
3 1,124 31.3) 2,315(29.2) 3,792 (30.6) 3,591 (29.4) 2,605 (29.4) 2,605 (29.4) 1,506 (29.2)
>4 368 (10.3) 970 (12.2) 1,667 (13.5) 2,191 (17.9) 2,094 (23.6) 2,094 (23.6) 1,265 (24.5)
Unknown 171 (4.8) 440 (5.6) 758 (6.1) 826 (6.8) 626 (7.1) 626 (7.1) 435 (8.4)
Menopausal status (%)°
Pre-menopause 2,020 (56.3) 3,682 (46.5) 4,891 (39.5) 3,520 (28.8) 1,438 (16.2) 602 (12.1) 618 (12.0) <.001
Menopause 1,566 (43.7) 4,242 (53.5) 7,499 (60.5) 8,693 (71.2) 7,434 (83.8) 4,387 (87.9) 4,538 (88.0)

 Data are mean (standard deviation). One-way analysis of variance was used to examine between-group difference and trend

® Chi-square test was used to examine between-group difference

15 years of follow-up. HR of menarche aged <12 years
was 1.25 compared with menarche aged >12 years after
adjusting for lifestyle and reproductive variables. We were
able to definitely confirm these previous results because
our study included very large population and collected
many covariates such as lifestyle factors, reproductive
factors, and anthropometric indexes.

The association of earlier age at menarche with
increased all-cause mortality was observed in all previous
studies and our own. There are some speculations

concerning the mechanism underlying this association.
Many researchers have demonstrated that age at menarche
was inversely linked to body mass in adulthood [8-11].
This association was also found in our study. As high BMI
lead to increased mortality, they could be relevant con-
founders. However, adjustment for them did not influence
the association between age at menarche and mortality.
Some studies reported that early menarche was associated
with increased cardiovascular risk factors among young
and middle-aged women [8—11] though we did not have
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sufficient information on risk factors like blood glucose
and lipids, and blood pressure. But, it is debatable whether
or not it is correct to adjust for these variables, which may
be part of thecausal pathway. Recent study has suggested
that early menarche may not a determinant of an unfa-
vorable cardiovascular profile in itself, but may reflect
negative metabolic imprinting during pre-pubescence [11].
A relatively high weight during childhood or adolescence
increases the likelihood of early menarche [16, 17]. Low
birth weight combined with higher BMI during childhood
has recently been demonstrated to predict early age at
menarche [18]. The relationship between early menarche
and unhealthy body composition in female adolescent was
likely to be due to the programming effect of birth weight
[19]. Unfortunately, we had no data concerning body
height and weight either at birth or during childhood.

Two previous studies have reported a significantly high
risk of women with menarche aged <12 years for all-cause
mortality compared with those with menarche aged
>12 years [6, 13]. Although the high risk of extremely
early age at menarche is obvious, the cut-off age at men-
arche which shows a significantly increased risk for all-
cause mortality has still not been examined. We found for
the first time that women with menarche aged <13 years
had borderline significantly high mortality risk compared
with those with menarche aged >14 years. This finding
must be examined in other countries.

We also found that a high age at menarche was asso-
ciated with an increased mortality, indicating an inverse
J-shaped association between age at menarche and all-
cause mortality. The similar finding was observed in the
large population study on Norwegian women, in which 8
categories of age at menarche (<11, 12, 13, 14, 15, 16, 17,
and >18 years) were included [12]. Our finding that
women with menarche aged >18 years had a significantly
high risk of all-cause mortality compared with those aged
17 years was interesting biologically. Nutrition deficien-
cies due to general malnutrition are known to lead to
menarcheal delay [20]. The women with menarche aged
>18 years were older than the others. Some of them may
have grown up under poor nutritional conditions, since the
Japanese food situation was not enough when they expe-
rienced their menarche. And the effect may cause them to
have increased mortality in adulthood. In other speculation,
they may have been in unhealthy medical conditions such
as chronic disease which causes decreased weight. Recent
study suggested that underweight should be a predictor of
diabetes in itself in older adults [21]. The proportion of
women with menarche aged >18 years in our study (9.4%)
was higher than those in the previous study (2%). However,
the effect of high age at menarche on mortality is not
actually so important as the fact that mean age at menarche
is decreasing in Japan currently and the proportion of

menarche aged >18 years is also dramatically reducing
from 13.2% in a cohort of 1910-<1915 to 0.9% in that of
1945-<1950.

It should be noted that women with menarche aged 17
had the lowest risk of mortality in Japan. The above-
mentioned study in Norway also showed the lowest risk in
the category of menarche aged 17. They might have no
unhealthy condition which cause excessive late menarche
and might be biologically younger than their chronological
age. Further studies are needed to enhance the reliability of
this fact and clarify the mechanism.

There are both strengths and limitations to our study.
The strengths include large sample size. Moreover, since
data on many kinds of exposure known or suspected to
modify the mortality risk were collected in the present
study, we were able to elucidate the independent effects
of age at menarche by multivariate adjustment. One of the
limitations in our study is the self-recall of age at men-
arche. Unfortunately, we were not able to verify the
validity of self-reported age at menarche in our cohort.
Other studies have shown high correlations between age
at menarche by recall during middle age and the original
data in childhood [22, 23]. The reproducibility has been
also found to be acceptable in a previous study [24].
However, as the women must recall an event that hap-
pened many years ago, some random misclassification of
age at menarche is inevitable. Such errors would likely
attenuate the real strength of the associations that we
observed. Second, the information on social criteria was
not available in our study though early age at menarche is
more frequent in socially disadvantaged women, which
could explain the association with higher mortality. The
third limitations arise from the reliance on self-reported
measurements of weight and height. It is well known that
self-reported current weight and height, and past weight
are influenced by factors such as age, gender, and obesity.
However, many studies have reported that they were
accurate enough to use in an epidemiologic study
[25, 26].

In summary, our study of a large Japanese population-
based cohort provides evidence that early age at men-
arche is associated with an increased risk of all-cause
mortality. The pathways through which age at menarche
impacts subsequent survival remain to be resolved.
Overall, our findings suggest that decreasing age at
menarche could lead to shorter life spans. The decreased
trend in age at menarche with generation is observed in
many countries with major progress in medical treatment
and technology that can increase life expectancy. Further
study is warranted to examine factors which lead to
decreased age at menarche, such as lifestyle, environ-
mental, and social factors including obesity and family
dysfunction during childhood. These factors will be
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different among countries and between the generations of
the same country.
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