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Context: The relationship between age at menarche and cardiovascular disease remains unclear.
Two recent studies found an inverse association between age at menarche and all-cause mortality.

Objective: The aim of this study was to examine the relationship between age at menarche and
cardiovascular disease risk factors, events, and mortality.

Design, Setting, and Participants: A population-based prospective study involving 15,807 women,
aged 40–79 yr in 1993–1997 and followed up to March 2007 for cardiovascular disease events
(median follow-up 10.6 yr) and February 2008 for mortality (median follow-up 12.0 yr) was used.

Main Outcome Measures: Odds ratios for cardiovascular disease risk factors and hazard ratios for
incident cardiovascular disease and mortality were calculated.

Results: There were 3888 incident cardiovascular disease events (1323 coronary heart disease, 602
stroke, and 1963 other) and 1903 deaths (640 cardiovascular disease, 782 cancer, and 481 other)
during follow-up. Compared with other women, those who had early menarche (�12 yr) had
higher risks of hypertension [1.13 (1.02–1.24)], incident cardiovascular disease [1.17 (1.07–1.27)],
incident coronary heart disease [1.23 (1.06–1.43)], all-cause mortality [1.22 (1.07–1.39)], cardio-
vascular disease mortality [1.28 (1.02–1.62)], and cancer mortality [1.25 (1.03–1.51)], adjusted for
age, physical activity, smoking, alcohol, educational level, occupational social class, oral contra-
ceptive use, hormone replacement therapy, parity, body mass index, and waist circumference.

Conclusions: Early age at menarche (before age 12 yr) was associated with increased risk of car-
diovascular disease events, cardiovascular disease mortality, and overall mortality in women, and
this association appeared to be only partly mediated by increased adiposity. (J Clin Endocrinol
Metab 94: 4953–4960, 2009)

Menarche signals the end of puberty and the start of
reproductive life. Obese girls tend to enter puberty

earlier than other girls, and in turn, early menarche has
been associated with increased adult body mass index
(BMI) (1–4). Earlier menarche has also been associated
with increased metabolic syndrome and cardiovascular
disease (CVD) risk factors in adolescent girls and in young
women studied up to age 40 yr (5–8). In Chinese women

aged 25–64 yr, compared with women with average age at
menarche, women with early menarche had a 32% higher
risk of metabolic syndrome (9). However, the effects of
early menarche in older women and on actual CVD events
and mortality remain unclear (10–14). Two recent studies
have found a 4.5 and 2.4% reduced risk of overall mor-
tality per year later menarche (15, 16). In the European
Prospective Investigation into Cancer (EPIC)-Norfolk, co-
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hort we previously reported an inverse association between
ageatmenarcheanddiabetes risk (odds ratio�0.91peryear
latermenarche),whichappearedtobecompletelyexplainedby
increased BMI (17). Hence we hypothesized that earlier age at
menarche would also predict CVD events and CVD mortality.

Subjects and Methods

Study design and population
The EPIC-Norfolk is a population based cohort study of

25,639 Caucasian men and women (women n � 16,716) living
in Norfolk, United Kingdom, aged 40–79 yr at recruitment in
1993–1997 (18). The study was approved by the local research
ethics committee, and participants gave signed informed con-
sent. At baseline, participants attended for a health check at
which anthropometry and blood pressure were measured using
standard protocols (19), and a nonfasting blood sample was
collected for lipids and glycated hemoglobin (in a subset). Details
of these measurements have been described previously (20, 21).
Participants also completed a detailed health and lifestyle ques-
tionnaire at baseline and at three follow-up assessments (two
postal questionnaires at 3 and 10 yr and one repeat health check
visit) until 2005. Data to 2007 (for CVD events) and 2008 (for
mortality) were obtained by record linkage.

Age at menarche in completed whole years was ascertained by
recall in the baseline questionnaire. For the purpose of this study,
we excluded women who did not provide information on age at
menarche (n � 878) or reported age at menarche as less than 8
yr (n � 2) or more than 18 yr (n � 29) because this was likely to
be due to recall error or nonphysiological conditions (22).

Information about prevalent hypertension, hyperlipidemia,
and diabetes was based on self-reported medication use at base-
line (or self-reported physician diagnosis of diabetes or diabetic
diet). Prevalent CVD was based on the answer to the question,
“Has a doctor ever told you that you had a heart attack or
stroke?” From the baseline questionnaire, we also obtained fam-
ily history of stroke, heart attack, cancer, and diabetes. Smoking
status (current, former, or never), alcohol use (units per week),
oral contraceptive use (current, former, or never), hormone re-
placement therapy use (current, former or never), parity (number
of pregnancies), physical activity level (level 1, sedentary, to level
4, most active) (23), occupational social class (professional, man-
agerial and technical, skilled nonmanual, skilled manual, partly
skilled manual, or unskilled) and highest educational qualifica-
tions (no qualifications, O-level or equivalent, A-level or equiv-
alent, degree level) were recorded at baseline.

Ascertainment of CVD events and risk factors at
follow-up

Data on nonfatal incident CVD events were obtained from
ENCORE, which is the East Norfolk database recording in-pa-
tient episodes from all hospital contacts to Norfolk residents,
using record linkage to the EPIC-Norfolk database until March
31, 2007. We used the hospital codes for CVD admissions, which
were clinically defined by the attending consultant. Participants
were identified as having incident CVD if they had a hospital
admission and/or died with CVD mentioned as cause of death
anywhere on the death certificate. Follow-up for incident CVD
ended either on the date of first disease event (diagnosis or death)

or on March 31, 2007 for the remaining cohort. Incident hyper-
tension and hyperlipidemia were identified from nurse inter-
views at the second health check or from self-reports of medi-
cation use on follow-up questionnaires.

Mortality endpoints
All participants were flagged for death certification at the

Office of National Statistics, and trained nosologists coded all
death certificates up to February 29, 2008. Follow-up time for
mortality was calculated for each participant from time of entry
to the study to time of death or until February 29, 2008. Main
outcomes of interest were all-cause mortality (defined as death
from any cause) or cause-specific mortality, which was defined
by underlying cause of death using both the International Clas-
sification of Diseases, ninth edition ICD-9 or tenth edition
ICD-10 codes: CVD mortality (ICD-9 401–448, or ICD-10
I10–I79), coronary heart disease (CHD) mortality (ICD-9 410–
414 or ICD-10 I20–I25), stroke mortality (ICD-9 430–438 or
ICD-10 I60–I69), and cancer mortality (ICD-9 140–208 or
ICD-10 C00–C97).

Statistical analysis
Because of the positive correlation between age at menarche

and age at baseline assessment, which reflects the recognized
secular trend in age at menarche, we examined age-adjusted risk
factor distribution by approximately equal categories (quintiles)
of age at menarche. To quantify the association between the
exposure (age at menarche in categories) and the prevalence of
CVD risk factors (hypertension, hyperlipidemia, diabetes, and
obesity), we performed multivariable logistic regression analy-
ses. Where there was a linear association between age at men-
arche and the risk factor (hypertension, BMI, and waist circum-
ference), linear models were fit using age at menarche as a
continuous variable. For incident outcomes (CVD events and
mortality), Cox proportional hazards regression analyses were
used. We used the earliest category of age at menarche (8–11 yr)
as the reference category, with indicator variables for the other
four categories and adjusted for age, physical activity, smoking,
alcohol, occupational social class, educational level, oral con-
traceptive use, hormone replacement therapy use, and parity.
Subsequent models were constructed further adjusting for BMI
and waist circumference to assess whether adiposity mediated
the associations. Models were fit using category of age at men-
arche as a continuous variable to assess the evidence for a linear
trend (P trend) across the categories. Age-adjusted percentages of
CVD risk factors and age-standardized rates of cardiovascular
events and mortality were calculated within each category of age
at menarche. The age-standardized rates were calculated as a
weighted average of the rates within 10-yr age strata.

All analyses were performed using STATA statistical soft-
ware, version 10 (StataCorp, College Station, TX).

Results

Cohort characteristics
For the15,807womeneligible foranalysis, ageatmenarche

showed a normal distribution (mean 13, median 13, SD 1.6 yr).
At baseline, 3256 women (20.6%) were taking medica-

tion for hypertension, 247 (1.6%) for hyperlipidemia, and
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390 (2.5%) reported a myocardial infarction or stroke. Dur-
ing follow-up,anadditional2012participants (16.0%)were
started on medication for hypertension and 950 (6.1%) for
hyperlipidemia.Familyhistoryof strokewaspresent in4054
(25.7%) and heart attack in 5871 (37.1%) women.

A total of 3888 incident fatal and nonfatal CVD events
(1323 CHD, 602 stroke, and 1963 other) were recorded
during a median 10.6 yr [interquartile range 9.4–12.0 yr
(159,199 person-years)] of follow-up until March 2007. A
total of 1903 deaths occurred during a median follow-up
of 12.0 yr [interquartile range 10.9–13.1 yr (185,220 per-
son-years)] until February 2008. These included 640 CVD
deaths (274 CHD, 219 stroke, and 147 other CVD) and
782 cancer deaths.

Age at menarche and CVD risk factors
Table 1 shows that after adjusting for age, women in

earlier categories for menarche were shorter and had a
higher BMI, waist circumference, arterial blood pressure,
glycated hemoglobin, cholesterol, and triglyceride levels
at baseline assessment. They were also more likely to have
a family history of heart attack and take medication for
hypertension and hyperlipidemia (P for trend �0.05).

Across increasing categories of age at menarche, odds
of hypertension, diabetes, obesity (BMI �30 kg/m2) and
central obesity (waist circumference �80 cm) decreased
(P for trend �0.001, Table 2 and Fig. 1A).

In linear models, for each year delay in onset of men-
arche, odds of hypertension were lower by 5% (95% con-
fidence interval 3–7%), obesity (BMI �30 kg/m2) by 18%
(16–21%), and central adiposity (waist circumference
�80 cm) by 12% (10–14%), adjusted for age, physical
activity, smoking, alcohol, educational level, occupa-
tional social class, oral contraceptive use, hormone re-
placement therapy, and parity. The association with hy-
pertension was attenuated after adjusting for BMI and
waist circumference. The magnitude of the association
was similar when incident (excluding prevalent cases) and
prevalent hypertension cases were considered separately
[incident hypertension 5% (1–7%) and prevalent hyper-
tension 5% (3–8%)].

Age at menarche, CVD events, and mortality
Earlier age at menarche was associated with higher in-

cident CVD, incident CHD, all-cause mortality, and can-
cer mortality (P for trend �0.05, Table 2). Each year delay
in onset of menarche was also associated with a lower risk
for all-cause mortality [hazard ratio � 0.96 (0.93–0.99),
P � 0.016] and cancer mortality [0.95 (0.90–1.00), P �
0.038], adjusting for age, physical activity, smoking, al-
cohol, educational level, occupational social class, oral
contraceptive use, hormone replacement therapy, parity,
BMI, and waist circumference. TA
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Early menarche
Figure 1B shows that the age-standardized rates for

CVD events, CHD events, all-cause mortality, CVD mor-
tality, and cancer mortality were highest in the earliest
category of age at menarche (8–11 yr). Fitting quadratic
terms for age at menarche confirmed these apparent non-
linear associations with CVD and CHD events (P �
0.001). Women in the earliest category of menarche (8–11
yr) had a higher risk of hypertension, diabetes, obesity,
CVD, CHD, and all-cause mortality and cancer mortality
than other women (Table 3). Furthermore, these associ-
ations were only partially attenuated after adjusting for

adult BMI and waist circumference; el-
evated risks remained for hypertension
13% (2–24%), incident CVD 17% (7–
27%), incident CHD 23% (6–43%),
all-cause mortality 22% (7–39%),
CVD mortality 28% (2–62%), and
cancer mortality 25% (3–51%).

Discussion

In this large, prospective, population-
based cohort study, we found that
women with earlier age at menarche
had a higher BMI, waist circumference,
blood pressure, and glycated hemoglo-
bin and a worse lipid profile during
adulthood. They were also more likely
to have a family history of CVD and to
take medication for hypertension and
hyperlipidemia. Compared with other

women, those who had early menarche (8–11 yr) had a
higher risk of hypertension, diabetes, CVD and CHD
events, and CVD, cancer, and all-cause mortality. Al-
though slightly attenuated, these associations persisted af-
ter adjusting for adult BMI and waist circumference.

Comparison with other studies
Our finding of a 4.0% reduced risk of all-cause mor-

tality for each year delay in onset of menarche is consistent
with a Norwegian study and a Californian study that
found a 2.4 and 4.5% (respectively) reduced risk of mor-
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FIG. 1. A, Age-adjusted percentages of CVD risk factors in adulthood by categories
(approximate quintiles) of age at menarche; B, age-standardized rates of cardiovascular events
and mortality in adulthood by categories (approximate quintiles) of age at menarche.

TABLE 3. Early menarche (at age �12 yr) as a risk factor for CVD risk factors, CVD events, and mortality: the
EPIC-Norfolk cohort study (1993–2008)

Model 1 Model 2

Odds or hazard ratio (CI) P value Odds or hazard ratio (CI) P value
CVD risk factors (prevalent and

incident)
Hypertension 1.25 (1.14–1.37) �0.001 1.13 (1.02–1.24) 0.015
Diabetes 1.41 (1.18–1.68) �0.001 1.18 (0.98–1.42) 0.081
Obesity (BMI �30 kg/m2) 1.93 (1.74–2.14) �0.001
Waist circumference �80 cm 1.57 (1.44–1.71) �0.001

Events and deaths
Incident CVD 1.28 (1.13–1.34) �0.001 1.17 (1.07–1.27) 0.001
Incident CHD 1.26 (1.10–1.49) 0.001 1.23 (1.06–1.43) 0.008
Incident stroke 1.14 (0.89–1.44) 0.297 1.13 (0.89–1.44) 0.317
All-cause mortality 1.21 (1.07–1.38) 0.004 1.22 (1.07–1.39) 0.003
CVD mortality 1.27 (1.01–1.60) 0.065 1.28 (1.02–1.62) 0.035
Cancer mortality 1.28 (1.06–1.57) 0.011 1.25 (1.03–1.51) 0.023

Data for CVD risk factors are odds ratios; data for events and deaths are hazard ratios. Model 1 was adjusted for age, physical activity, smoking,
alcohol, educational level, occupational social class, oral contraceptive use, hormone replacement therapy use, and parity. Model 2 was as for
model 1 and further adjusted for BMI and waist circumference (both models include 12,902 participants on whom data on all variables were
available). Incident CVD, CHD, and stroke (fatal and nonfatal) data include follow-up until March 2007. All-cause mortality data include follow-up
until February 2008. CI, Confidence interval.
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tality per year later menarche. The Californian study also
found a reduced risk of ischemic heart disease (6.0% per
category higher menarcheal age) and stroke (8.6%) mor-
tality (15). The Norwegian study recruited approximately
61,000 women from 1956–1959 and followed them for
37 yr (16), whereas the Californian study recruited ap-
proximately 20,000 Seventh-Day Adventist women in
1974, and deaths were reported until 1988 (15). The first
study did not have data on physical activity or cigarette
smoking, and the second study used self-reported anthro-
pometry data; hence, residual confounding could not be
ruled out.

A previous review of the literature on reproductive risk
factors and CVD events in postmenopausal women con-
cluded that there was no association between age at men-
arche and CVD risk (12). One prospective study with
119,963 participants (308 cases of CHD) found a non-
significant association [age-adjusted hazard ratio of 1.3
(0.8–2.1) for menarche before 11 yr compared with men-
arche at 13 yr] (10), and another with 867 women (45
cases of CHD) found a significant inverse association [age-
adjusted hazard ratio 0.76 (0.60–0.95) per year delay in
onset of menarche] (11). In our study, 1323 CHD events
occurred, and we found a significant increased risk in
women with menarche before 12 yr compared with other
women. Our positive findings may be explained by the
large number of events and potential confounding factors
that were included in our study.

In a previous cross-sectional study of 9000 Chinese
women aged 25–64 yr and enrolled in 2004–2005, age at
menarche was inversely associated with body fatness
(BMI, waist circumference, and total and abdominal fat
mass), insulin resistance (homeostasis model assessment),
and total number of metabolic syndrome components (9).
Other studies of younger women and smaller samples have
also shown the association between younger age at men-
arche and increased risk of metabolic syndrome (5, 7, 8,
24). In our study, we found that in older women aged over
40 yr, early age at menarche was associated not only with
CVD risk factors but also with elevated risk of CVD events
and mortality.

Interestingly, although the associations with CVD risk
factors appeared to be linear, we observed significant non-
linear effects of age at menarche on CVD and CHD events.
The reasons for this are unclear. It is possible that late age
at menarche might also be an independent risk factor. In
a Japanese study, women with late menarche at 17 yr or
later had a nonsignificant increased risk of stroke mortal-
ity and no difference in CHD mortality despite having less
hypertension and lower BMI (25). Possible independent
effects of late menarche on the development of CVD could

include a relatively shorter exposure to the protective ef-
fects of endogenous estrogens.

Early age at menarche is an established risk factor for
breast cancer incidence and survival, possibly due to hor-
monal effects (26–29). Although we did not look at site-
specific cancer mortality, breast cancer is the most com-
mon cancer in women and likely contributed to the
increased cancer mortality observed in our study.

Strengths and limitations
The strengths of our study include its large size, pop-

ulation base, and long duration of follow-up from 1993–
2008 leading to high numbers of incident events. A com-
prehensive range of possible confounding and mediating
factors were measured and adjusted for in the analyses.

Limitations of our study include the self-recall of age at
menarche many years after the event. However, other
studies have shown high correlations between age at men-
arche by recall during middle age and the original child-
hood data (30, 31). Furthermore, recall bias is unlikely;
therefore, any errors would likely attenuate the real
strengths of the associations that we observed. Another
limitation is that we had only adult measures of BMI and
waist circumference. Other more specific measures of ad-
iposity and fat distribution might have mediated the as-
sociations we observed with CVD events and CVD mor-
tality. Furthermore, we did not have any information on
measures of BMI or waist circumference during child-
hood, which could help to shed light on the etiology of the
associations we observed. Whether higher childhood BMI
could be driving the association between age at menarche
and adult CVD risk factors, events, or mortality as sug-
gested by some studies (7, 32–35) or independently of
childhood BMI as found in other studies (8, 36, 37) re-
mains to be resolved.

Conclusion and implications
Further large prospective studies are needed to under-

stand the mechanisms by which early menarche increases
the risk of mortality and CVD in later life. Whether early
menarche acts as a marker of childhood obesity, as a risk
factor per se, or through ongoing sex hormone differences
is unclear. It is possible that all of these factors play a role.
A higher family risk in women with early age at menarche
may suggest a common genetic mechanism.

In conclusion, our study of a large population-based
cohort provides evidence that early age of menarche is
associated with increased risks of CVD events, CVD mor-
tality, and overall mortality in women, and these associ-
ations may be only partly mediated by increased adiposity.
History of early menarche (�12 yr) may help to identify
women with increased risk of CVD and mortality. These
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results highlight the importance of understanding and tar-
geting the childhood antecedents of adult disease.

Acknowledgments

We thank all the participants and the entire EPIC-Norfolk team
and a special thanks to Amit Bhaniani for data management.

Address all correspondence and requests for reprints to:
Rajalakshmi Lakshman, M.D., MRCP, MFPH, Medical Re-
search Council Epidemiology Unit, Institute of Metabolic Sci-
ence, Addenbrooke’s Hospital Box 285, Cambridge CB2 0QQ,
United Kingdom. E-mail: rl284@mrc-epid.cam.ac.uk.

The EPIC-Norfolk cohort is supported by a grant funding
from Cancer Research UK and the Medical Research Council
(MRC) with additional support from the Stroke Association and
Research into Ageing. R.L. is supported by a MRC Health Ser-
vices and Health of the Public Research Fellowship.

Disclosure Summary: The authors have nothing to disclose.

References

1. Power C, Lake JK, Cole TJ 1997 Body mass index and height from
childhood to adulthood in the 1958 British birth cohort. Am J Clin
Nutr 1094–1101

2. van Lenthe FJ, Kemper HC, van Mechelen W 1996 Rapid matura-
tion in adolescence results in greater obesity in adulthood: The Am-
sterdam Growth and Health Study. Am J Clin Nutr 64:18–24

3. Garn SM, LaVelle M, Rosenberg KR, Hawthorne VM 1986 Mat-
urational timing as a factor in female fatness and obesity. Am J Clin
Nutr 43:879–883

4. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR,
Berenson GS 2003 The relation of menarcheal age to obesity in child-
hood and adulthood: the Bogalusa Heart Study. BMC Pediatr 3:3

5. Frontini MG, Srinivasan SR, Berenson GS 2003 Longitudinal
changes in risk variables underlying metabolic syndrome X from
childhood to young adulthood in female subjects with a history of
early menarche: the Bogalusa Heart Study. Int J Obes Relat Metab
Disord 27:1398–1404
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