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The menarcheal age of Korean women has been rapidly decreasing for the last 50 years, and the
average menarcheal age of women born in the 1990s is approaching 12.6 years. In addition, interest in
early puberty has been increasing recently owing to the rapid increase in precocious puberty. Generally,
out of concern for short stature and early menarche, idiopathic central precocious puberty in female
adolescents is treated with gonadotropin-releasing hormone analogs. Studies to date have described
the association between early menarche and psychosocial problems such as delinquency and risky
sexual behavior, as well as physical health problems such as obesity, diabetes, cardiovascular diseases,
and breast cancer throughout the lifespan of women. However, the pathophysiological mechanism
underlying this association has not been clarified thus far. In this article, we review and discuss the
existing literature to describe the current understanding of the effects of early menarche on the physical
and psychosocial health of adolescent girls and adult women.
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Introduction

The menarcheal age of Korean women has been rapidly decreasing for the last 50 years,
and the average menarcheal age of women born in the 1990s is approaching 12.6 years’.
In addition, interest in early puberty has been increasing recently in Korea owing to the
rapid increase in precocious puberty”. As central precocious puberty leads to early
menarche, treatment is necessary to stop or prevent regular cyclical menstruation.
Moreover, gonadotropin-releasing hormone analog treatment is used to promote increase
in height because early skeletal maturation in this condition diminishes the final adult
height”. Women who experience very early puberty, for example, precocious puberty or
menarche earlier than the average age, are known to be at a greater risk of psychosocial
problems” such as delinquency and risky sexual behavior, as well as physical health
problemss's’ such as obesity, diabetes, cardiovascular disease, and breast cancer. In addition,
studies related to these topics have been actively conducted in Korean adolescents and
adult women. The author reviewed these studies and hopes that this review article provides
the opportunity to comprehensively examine physical and psychosocial health problems
that may occur in women’s lifetimes due to early puberty. In addition, based on recent
studies, the author proposes feasible alternatives that can be helpful for the prevention of
problems in adolescents who have experienced early puberty.
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Risk of psychosocial problems

The use of cigarettes, alcohol, and marijuana is more prevalent
in adolescents who experience early puberty than in those who
experience either average- or late-age puberty”, in spite of the
slight differences in national and community characteristics'.
Internalizing problems such as depression, anxiety, bulimia, and
excessive psychosomatic symptoms, as well as externalizing
symptoms such as substance abuse, smoking, bullying, and tru-
ancy, are also more prevalent in adolescent girls who experience
early puberty'"”. However, in case of problems such as substance
abuse, social isolation, sexual behavior, and mental distress in
adolescents who experience early puberty or early menarche, the
difference decreases over 4-5 years of the puberty period as
adolescents who experience average- or late-age puberty quickly
catch up‘“zl, However, substance abuse related to alcohol, smok-
ing, or illegal drugs in girls up to 15 years of age was more com-
mon among adolescent girls who had their menarche before 12

years of age than those who had it after 12 years of age. The
difference narrowed at the age of 17 years". Delinquency and
physical aggression in adolescent girls who experienced early
puberty reportedly increased at around 11 years of age when
menarche occurred and delinquency continued, while physical
aggression decreased during puberty. As adolescents at this age
have a close association with the deviant behavior of their best
friends, they might be vulnerable to negative peer influences'.
Therefore, it is necessary to prevent and intensively manage girls
in elementary school, that is, 2-3 years before menarche, which is
the most sensitive time when adolescent girls are expected to
have an early menarche and puberty are exposed to risky beha-
vior. Currently, smoking prevention educational programs funded
by the Korean Ministry of Health and Welfare are implemented
for first- to third-grade elementary school students, emphasizing
the harmfulness of second-hand smoking'”. Fourth- to sixth-
grade students are educated about the direct physical damage

caused by smoking. Specific educational programs on alcohol or

Table 1. Effects of early menarche on sexual behaviors from the Korean Youth Risk Behavior Web-based survey (2012)

Variable Early menarche Normal menarche OR* (95% Cl)

Intersexual kissing or petting 1.54 (1.28-1.87)
Yes 254/974 (26.1) 2,323/16,090 (14.4)
No 720/974 (73.9) 13,767/16,090 (85.6)

Intersexual intercourse 2.35 (1.65-3.36)
Yes 67/974 (6.9) 522/16,893 (3.1)
No 907/974 (93.1) 16,371/16,893 (96.9)

Homosexual kissing or petting 3.53 (2.22-5.59)
Yes 34/974 (3.5) 167/16,893 (1.0)
No 940/974 (96.5) 16,726/16,893 (99.0)

Homosexual intercourse 7.70 (4.04-14.66)
Yes 25/974 (2.6) 55/16,893 (0.3)
No 949/974 (97 .4) 16,838/16,893 (90.7)

Victims of sexual assault 2.89(1.98-4.22)
Yes 54/974 (5.5) 302/16,893 (1.8)
No 920/974 (94.5) 16,591/16,893 (98.2)

Assailants of sexual assault 13.55 (6.61-27.78)
Yes 23/974 (2.4) 40/16,893 (0.2)
No 951/974 (97.6) 168/16,893 (99.8)

Intercourse without any contraception 1.2 (1.06-3.46)
Yes 46/73 (63.0) 294/556 (52.9)
No 27/73 (37.0) 262/556 (47.1)

History of pregnancy 5.72 (2.31-14.15)
Yes 20/72 (27.8) 34/554 (6.1)
No 52/72 (72.2) 520/554 (93.9)

Values are presented as number (%).
OR, odds ratio; Cl, confidence interval.

*Adjusted for sociodemographic variables of paternal educational level, maternal educational level, living with parents, academic performance, and household
income; comparison between the early and normal menarche groups.
Adapted from Cheong et al. Ann Pediatr Endocrinol Metab 2015:20:130-5, according to the open-access policy of The Korean Society of Pediatric Endocrinology'”.
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substance abuse are still targeted at middle school level and
above. Step-by-step educational programs are needed in accor-
dance with the developmental stage of puberty. Students with
early puberty are thought to require education about the direct
physical damage caused by smoking from early elementary
school. Parallel development of educational materials that can be
easily understood is also important. Educational programs during
elementary school to prevent alcohol and substance abuse are
also believed to be required for students with early puberty.

A recent meta-analysis showed that more girls who experi-
enced early puberty engaged in sexual behavior such as sexual
intercourse, noncoital sexual behavior (petting, kissing, caressing,
and oral sex), and risky sexual behavior (unwanted pregnancy,
contracting sexually transmitted infections/human immunodefi-
ciency virus, noncondom/contraception use, and drug/alcohol
use during sex) compared with boys'®. A similar result was found
" which used the eighth Korean
Youth Risk Behavior Web-based survey (Table 1). The prevalences
of intimate sexual relationships (kissing or petting), sexual
intercourse, unprotected intercourse, and pregnancy were 1.54
times (95% confidence interval [CI], 1.28-1.87), 2.35 times (95%
CI, 1.65-3.36), 1.92 times (95% CI, 1.06-3.46), and 5.72 times
higher (95% CI, 2.31-14.15), respectively, in adolescents who had
a very early menarche (before or during grade 4) than in those
who had menarche after the fifth grade in elementary school.

in a study of Korean adolescents

Surprisingly, the prevalences of intimate homosexual sexual
relationships and intercourse were also 3.53 times (95% CI, 2.22-
5.59) and 7.70 times higher (95% CI, 4.04-14.66), respectively. In
addition, the risk of being the victim and the assailant in sexual
assaults was 2.89 times (95% CI, 1.98-4.22) and 13.55 times
higher (95% CI, 6.61-27.78), respectively. These phenomena seem
to be the extreme cross-section of “peer socialization,” which is a

characteristic of adolescents'

. Girls whose sexual maturity has
begun tend to seek a group or friends who have a similar degree
of sexual maturity and influence each other’s behaviors; thus,
they are exposed to the risks of sexual and risky behaviors. There-
fore, to protect adolescents who are sexually mature but unpre-
pared to face the corresponding experience, a social safety net-
work tailored to the sexual development stages of children and

adolescents should be established.

Diabetes and metabolic syndrome

Early menarche can be used as an indicator of early sexual
maturation. High blood estradiol levels and low sex hormone-
binding globulin levels during puberty are known to increase
adiposity'”
adolescents and young women who experience early menarche
are reported to have a higher body mass index (BMI).

. Therefore, interest in this subject has increased, as
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A study of 8,080 women aged 15 years or older that was per-
formed using the Canadian Community Health Survey reported
that the mean BMI decreased by approximately 0.5 kg/m” as the
menarcheal age was delayed by 1 year”. A study based on the
fourth Korea National Health and Nutrition Examination Survey
(2007-2009) reported that the odds ratio of obesity in women
who had menarche before 12 years of age was 1.845 times higher
(95% CI, 1.441-2.361) than in those who had menarche at age 12
years or older”.

Freedman et al.”” reported that the association between early
menarcheal age and adult obesity might have been slightly over-
estimated and may be more closely associated with childhood
obesity. A study of 794 young Finns reported that a higher child-
hood BMI was associated with early menarche and might contri-
bute to higher adult BMI and increased cardiovascular risk?”.
Pierce et al.”*" claimed that the association between early men-
archeal age and adult obesity is difficult to explain when consi-
dering BMI during ages between 4 and 6 years, and early menar-
cheal age is associated with a higher BMI between the age of 7
and 15 years. Although the clinically significant period is not
clear, obesity in adolescents appears to be strongly associated
with early menarche and chronic metabolic diseases such as di-
abetes. The results from a series of studies reported a strong asso-
ciation between the age at early menarche and the development
of diabetes. However, the analysis of specific factors in some
studies indicated that adult BMI or adiposity was reportedly the
most influential factor®*?, whereas others indicate that the history
of early menarche itself rather than the current BMI or adiposity
was a more influential factor’®””.

A similar result was found in a study using data from the
fourth Korea National Health and Nutrition Examination Survey
(2007-2009)*”. The prevalence of type 2 diabetes among Korean
middle-aged women (20-50 years of age) was 3.61 times higher
(95% (I, 1.90-6.88) in women who had menarche before 12 years
of age than in those who had it later. Central obesity (waist
circumference =85 cm), obesity (BMI >25 kg/m?), and insulin
resistance were 1.83 times (95% CI, 1.38-2.44), 2.02 times (95%
(I, 1.55-2.64), and 1.80 times higher (95% CI, 1.33-2.45), respec-
tively, in women who had menarche before 12 years of age. In a
study by Baek et al.””, the prevalences of dysglycemia, predi-
abetes, and diabetes were 1.85 times (95% CI, 1.28-2.66), 1.80
times (95% CI, 1.24-2.61), and 2.43 times higher (95% CI, 1.04-
5.69), respectively, in middle-aged Korean women who had
menarche before 13 years of age than in women who had men-
arche at the mean age (Fig. 1).

Cardiovascular diseases

The Kanghwa cohort study investigated the risk of coronary
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Fig. 1. Prevalence of diabetes, prediabetes, and dysglycemia according
to age at menarche. Adapted from Baek et al. Menopause 2015;22:542-
8, with the permission of Wolters Kluwer Health, Inc.”.
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heart disease mortality in 3,257 postmenopausal women older
than the age of 55 years from 1985 to 2005. It reported that the
risk of coronary heart disease mortality in those who had menar-
che after 17 years of age was 51% lower than that in those who
had menarche between the age of 10 and 16 years™. Although it
suggests an association between early menarcheal age and the
risk of coronary heart disease, the age range was too broad.
Among 19,462 people who participated in a cohort study of
Californian Seventh-day Adventist women from 1976 to 1998,
total mortality and the incidences of ischemic heart disease and
stroke increased in women who had menarche before the age of
11 years. A delay in menarche by 1 year reduced the total mort-
ality by 4.5%, ischemic heart disease mortality by 6.0%, and
stroke mortality by 8.6%"". The association with cardiometabolic
risk factors such as dyslipidemdia, hypertension, high BMI and
waist circumference, and diabetes mellitus, or mortality from
ischemic heart disease was not sufficiently explained in the study:.
A population-based prospective study of 15,807 UK-based
women from 1993 to 1997 investigated the association between
menarcheal age, and cardiovascular disease events and mortality
based on follow-up results until 2007°”. They reported that the
risk of cardiovascular disease events and mortality increased in
women older than 40 years who had an early menarche. Early
menarche is associated with metabolic syndrome components
such as higher BMI, waist circumference, blood pressure, glycated
hemoglobin, and a worse lipid profile affected by adult adiposity.
When menarche occurred between 8 and 11 years of age, the risk
of developing hypertension was 1.13 times (95% CI, 1.02-1.24),
cardiovascular disease incidents were 1.17 times (95% CI, 1.07-
1.27), coronary heart disease incidents were 1.23 times (95% (I,
1.06-1.43), cardiovascular disease mortality was 1.28 times (95%
CI, 1.02-1.62), and all-cause mortality was 1.22 times higher
(95% CI, 1.07-1.39) than that when menarche occurred after 12

358 http://dx.doi.org/10.3345/kjp.2016.59.9.355

Coronary heart disease (ICD-10: 120 to 125)

17

1.14 .
o] H o

0.9

Relative risk (95% Cl)

o

<10 11 12 13 14 15 16 217
Age at menarche (years)

Mean age at
menarche (years)

Number with
incident CHD 3477 12,759 12,121 16,199 15,064 8784 3614 1360

9.9 1 12 13 14 15 16 17.4

RR (05% Cl) 1.27 1.12 1.02 1.00 104 1.06 1.10 123
N (1.22, 1.31) (1.10,1.14) (1.01, 1.04) (0.98, 1.02) (1.02, 1.06) (1.04, 1.08) (1.07, 1.14) (1.16, 1.29)

Fig. 2. Relative risk (RR) and 95% confidence interval (Cl) of incident
coronary heart disease (CHD) according to age at menarche. RRs (hazard
ratios) are stratified by region of recruitment and adjusted for year of
birth, body mass index, height, smoking, alcohol consumption, exercise,
and socioeconomic status. The reference category is menarche at 13
years of age. The area of the square is inversely proportional to the vari-
ance of the log risk. ICD-10, International Classification of Diseases, 10th
revision. Adapted from Canoy et al. Circulation 2015;131:237-44, with
the permission of Wolters Kluwer Health, Inc.”.

years old.

Recently, the largest-scale study so far on menarcheal age and
the risk of developing coronary heart and other vascular diseases
in 1.2 million women was published”. In that study, the risk of
coronary heart disease incidents was lowest for a menarcheal age
of 13 years, and gradually increased for lower or higher menarch-
eal age, resulting in a U-shaped relationship. The risk was highest
in the groups that had menarche at <10 and >17 years of age,
with relative risks of 1.27 (95% CI, 1.22-1.31; P<0.0001) and 1.23
(95% CI, 1.16-1.30; P<0.0001), respectively (Fig. 2). The associa-
tion between the risk of cerebrovascular disease incidents and
menarcheal age, though weak, was similar to the result found for
coronary heart disease (Fig. 3). Compared with the group with a
menarcheal age of 13 years, the risk was highest in the groups
with a menarcheal age of <10 and =17 years, with a relative risk
of 1.16 (95% CI, 1.09-1.24) and 1.13 (95% CI, 1.03-1.24), respec-
tively. Although one study suggested that late menarche may be
associated with endothelial dysfunction®”, this study could not
clearly explain the increased risk of coronary heart disease in
women who had a late menarcheal age. The subjects in the study
were divided into groups of lean, overweight, and obese women;
current, past, and never smokers; and low, middle, and high
socioeconomic status. A U-shaped relationship was found for all
subgroups. Thus, this study demonstrated that there is limited
association between the increased risk of coronary heart disease
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Fig. 3. Relative risk (RR) and 95% confidence interval (Cl) of incident
cerebrovascular disease (CeVD) according to age at menarche. RRs
(hazard ratios) are stratified by region of recruitment and adjusted for
year of birth, body mass index, height, smoking, alcohol consumption,
exercise, and socioeconomic status. The reference category is menarche
at 13 years of age. The area of the square is inversely proportional to the
variance of the log risk. ICD-10, International Classification of Diseases,
10th revision. Adapted from Canoy et al. Circulation 2015;131:237-44,
with the permission of Wolters Kluwer Health, Inc.”.

in women with early menarche, and BMI, smoking, and socio-
economic status. Early menarcheal age was reportedly associated
with hypertension and diabetes mellitus’. These risk factors may
be important for the association of early menarche with cardio-

vascular and cerebrovascular diseases.

Cancer risk

The association between early menarche and incidence of
breast cancer has been reported extensively. This proves the
hypothesis that earlier menarche results in a longer accumulated
period of estrogen and progesterone exposure levels, lengthening
the duration of breast mitotic activity and increasing the likeli-
hood of tumor occurrence. An international case-control study
found that breast cancer risk decreased by 20% when menarche
was delayed by 2 years”. Germline mutations of BRCA1 are high-
ly associated with the development of breast cancer, and breast
cancer risk among BRCA carriers in women who had menarche
at the age of 14-15 years was 54% lower than that in women
who had menarche before the age of 11 years. This result suggests
that early menarche is a strong risk factor of breast cancer’.
However, in the International BRCA1/2 Carrier Cohort Study,
wherein 1,601 BRCA1/2 carriers were divided into the early
menarche group with a menarcheal age of <11 years, the normal
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menarche group with a menarcheal age of 12-14 years, and the
delayed menarche group with a menarcheal age of 215 years, no
difference was found between the BRCA1/2 carrier groups. In
addition, no significant differences in the lifetime duration of
breast mitotic activity, menstrual cycle, and breast cancer risk
were found in cases of decreased breast mitotic activity such as
full-term pregnancy after menarche and in oral contraceptive
users, in contradiction with previous results*”. Therefore, the
influence of early menarche is thought to be relatively small in
the context of family history of breast cancer.

A meta-analysis of 117 epidemiological studies, including more
than 110,000 people, showed that the breast cancer incidence risk
increased by 5% when menarche was 1 year early. While breast
cancer did not develop at an earlier age when menarche occurred
at an earlier age, the correlation between breast cancer incidence
and menarcheal age was high. The delay in the menopausal age
becomes a risk factor of breast cancer, as it also lengthens a
woman'’s reproductive period; the risk was increased by 2.9%
when menopause was delayed by 1 year. Therefore, early menar-
che was reportedly a stronger breast cancer risk factor than
delayed menopausal age. This might be because early menarche
has a much higher correlation than early menopause, with other
breast cancer risk factors such as parity, age at first birth, height,
BMI, and adiposity™.

The number of ovulatory cycles was also thought to play an
important role in the pathogenesis of endometrial cancers such as
breast cancer. The association between the development of endo-
metrial cancer and reproductive characteristics such as early
menarche, late menopause, and nulliparity has been studied. A
meta-analysis of eight prospective studies with 4,553 endometrial
cancer patients was conducted. The analysis revealed that the
endometrial cancer risk in the group with the highest menarcheal
age was 32% lower than that in the group with the lowest
menarcheal age and confirmed that the cancer risk decreased by
4% when menarche was delayed by 2 years”.

A study of 443,909 Korean women whose details were
provided by the Korea Medical Insurance Corporation from 1993
to 1994 reported an association between the risk of 10 major
cancers and the age at menarche after a 12-year follow-up. In the
study, the breast cancer risk in women who had menarche before
the age of 15 years was 1.52 times higher (95% CI, 1.36-1.70)
than that in women who had menarche after the age of 17 years.
When only postmenopausal women were analyzed, the breast
cancer risk in women who had menarche before the age of 15
years was 1.76 times higher (95% CI, 1.44-2.14) than that in
women who had menarche after the age of 17 years. Moreover,
the risk in women who had menopause after 55 years of age was
1.80 times higher (95% CI, 1.31-2.49) than that in women who
had menopause before 45 years of age. No association was found
between the development of uterine cervix, ovary, or thyroid
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cancer and early menarche or late menopause™. This study could
not support the conclusion that early menarcheal age is
associated with an increase in cancer-related mortality. However,
a study on early menarcheal age and mortality in British women
revealed that cancer mortality was 1.25 times higher (95% CI,
1.03-1.51) in women who had menarche at the age of 8-11 years
and decreased by 5% when menarche was delayed by 1 year"”.

Recently, Lazar et al.” reported the results of a long-term
follow-up study on young adults with precocious puberty, the
most severe form of early menarche. They found no difference in
the risk of obesity, metabolic derangements, or cancer morbidities
between gonadotropin-releasing hormone analog-treated, un-
treated, and control subjects. Because the control subjects were
relatively younger and fewer in number, studies with a larger
number of patients with longer follow-up are needed. Therefore,
it is too early to conclude that gonadotropin-releasing hormone
analog treatment for adolescent girls who experience central pre-
cocious puberty or early puberty can reduce the risk of obesity,
metabolic derangements, or cancer morbidities.

Conclusions

Studies to date describe the association between early men-
arche and psychosocial problems, as well as physical health
problems, over the entire lifespan of women, but they do not
provide a clear pathological mechanism that can explain this
association. Nevertheless, a comprehensive and easily understood
psychosocial and sexual health education program should be
developed to educate adolescents with early menarche. In addi-
tion, lifestyle changes would be critical for preventing obesity and
metabolic syndromes, and regular screening for cancer preven-
tion is important not only for adolescents but also for young
women.
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