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INTRODUCTION: Menarche or first menstrual period is
a landmark in reproductive life span and it is the most
prominent change of puberty. The timing of menarche
can be under the influence of genes as well as individual
environmental factors interacting with genetic factors.
OBJECTIVE: Our study objectives were (a) to investigate
the heritability of age of menarche in twins, (b) to obtain the
association between age of menarche and childhood factors,
and reproductive events/behavior, (c) to examine whether
or not having a male co-twin affects early/late menarche.
METHODOLOGY: A group of female-female identical
(n=108, 54 pairs), non-identical twins (n = 68, 34 pairs)
and 17 females from opposite-sex twin sets were identified
from twin registries of Malaysia and Iran. Genetic analysis
was performed via two methods of Falconers’ formula and
maximum likelihood.

RESULTS: Heritability was found to be 66% using Falconers’
formula and 15% using univariate twin analysis. Model
analysis revealed that shared environmental factors have a
major contribution in determining the age of menarche (82%)
followed by non-shared environment (18%).
DISCUSSION: Result of this study is consistent with that
of the literature. Timing of menarche could be under the
influence of shared and non-shared environmental effects.
Hirsutism was found to have a higher frequency among
subjects with late menarche. There was no significant
difference in age of menarche between females of
opposite-sex twins and females of same-sex twins.
CONCLUSION: Itis concluded that twin models provide a
powerful means of examining the total genetic contribution
to age of menarche. Longitudinal studies of twins may
clarify the type of environmental effects that determine
the age of menarche.
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Introduction

Age at menarche, the time of first menstrual period,
is an important biological and social event as well as a
developmental milestone in females. Age at menarche
has been identified as a risk factor for several traits
including, depression,!'! eating disorders,? breast
cancer,”® body image, osteoporotic fracture, risk of
coronary heart disease, and conduct disorder.® The
latter is a common example of age of menarche being a
complex trait, which is determined by an array of genetic
and environmental factors. Early age of menarche has
been associated with conduct disorders.’®*

Several studies have been conducted to partition
inter-individual trait variation in age at menarche into
genetic and environmental components and their
findings are summarized in Table 1. These studies
suggest that genetic factors play a strong role in
determining age at menarche as correlation coefficients
of the trait range from 0.51 to 0.95 (for monozygotic
twins [MZ]) and 0.17-0.58 (for dizygotic twins [DZ]).

Table 1: A comparison between heritability value for age
of menarche estimated by various studies

Study Mz Dz rMZ rDZ Heritability
Treloar (1990)34 1177 711 065 0.18 0.61
Meyer (1991)22 1178 711 065 0.18 0.71
Kaprio (1995)/"¢ 234 189 0.75 0.31 0.74
Loesch (1995)12% 44 42 0.95 0.58 0.95
Kirk (2001)0! 1373 1310 0.51 0.17 0.50
Berg van den (2006)” 1340 793 0.71 0.30 0.70

MZ: Monozygotic, DZ: Dizygotic
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The large variation reported in the literature could be
due to measurement errors and bias or the effect of
environmental factors. In addition, family studies support
the high heritability values for age of menarche.!'%4
The current study examines the effect of genetics and
environment on age of menarche among Iranian and
Malaysian twins. The possible link between age of
menarche and childhood factors, reproductive events,
and behavior are investigated.

Methodology

The sample consisted of 193 female identical and
non-identical Asian twins (which included 17 females
from opposite-sex twin sets) who participated in the
volunteer reproductive health study. Samples were drawn
from two twin registries of Iran and Malaysia.

The Iran Twin Registry (ITR) was established at the
Avicenna Research Institute, Shahid-Behashti University
using a World Health Organization grant in 2000. The
procedures and other details of ITR are published
elsewhere.l" For the purpose of this study, three trained
research assistants contacted the registered married
twins born between 1945 and 1988 (n=122).

The remaining samples were drawn from the National
Malaysian Twin Registry (NMTR) database. NMTR was
established at the Royal College of Medicine, Perak, the
University Kuala Lumpur in June 2008. Samples (n=71)
were inclusive of twins born between 1951 and 1993
inclusive of Chinese (45.1%), Indian (32.4%) and
Malay (22.5%) ethnic subpopulations.

Twin zygosity was determined from twins’ (or their
parents’) responses to a zygosity questionnaire that
included questions on physical similarities and frequency
of confusion of the twins by family members and friends.
Accuracy of this method has been estimated around 90%
as compared with deoxyribonucleic acid analyses.!"®

A standard questionnaire was utilized inclusive of
qguestions on socio-demographic characteristics of
subjects, reproductive events, and reproductive behavior.
Both twins were interviewed. Menstrual history included
age of menarche (year); duration (day), interval (day),
and irregular menstrual bleeding. Clinical symptoms
of premenstrual symptoms (PMS) were also asked

comprising of several questions pertaining to physiological
and psychological symptoms a week prior to menstrual
flow (e.g., abdominal cramps, breast tenderness,
emotions). Presence of two or more symptoms would
classify PMS as existent. Regular menstrual cycles were
defined as having regular periods every 21-35 days. The
diagnosis of polycystic ovary syndrome was recorded as
affirmative if both hyperandrogenemia (hirsutism, acne),
and chronic anovulation (amenorrhea, oligomenorrhea
or irregular menstruation) were present.

Reproductive behavior was assessed by asking the
following questions: Age of first pregnancy, number of
pregnancies and deliveries and number of children. Twin
pairs were living together during the childhood.

Because data were obtained from various Asian
ethnic groups, tests of homogeneity were employed
to determine if significant variation between different
ethnicities (Chinese, Indian and Malay) or countries
(Iran and Malaysia) exist. Raw data were fed to the
MX script for “Testing Homogeneity of Parameters
Across Countries”.l' Test of homogeneity was done
for grand mean, sex deviation, age, additive genetic
standard deviation, shared and non-shared standard
deviation (absolute), and no significant variation was
observed between “ethnicity” and “countries” using
Chi-square test.

Descriptive analysis and computation of variance and
co-variance of variables was carried out using SPSS
version 12. Basic genetic analysis was completed using
the Falconer’s formula for estimation of heritability (h?)
where h? = 2(r,, — r,,) The shared environment is
estimated by deducting heritability value from MZ
correlation: C = (r,,, - h®). Non-shared environment or
E? is a reflection of the degree to which identical twins

raised together are dissimilar, E= (1 - r,,,).

Then, a more comprehensive genetic analysis was
conducted using the Mx 2.0 software!'” designed for
maximum likelihood analysis (MLA) of twin data. The
hypothesis was whether additive or dominance genetic
factors or common environmental factors influence the
age of menarche. Univariate twin model'® was applied
to the variance and co-variance matrices derived from
MZ and DZ twin data. The methodological description is
described elsewhere.['® The full model included additive
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genetic (A), shared environment (C), and non-shared
environmental variances (E). M x 2.0 compares Model 1
(Y=a2+c?+e?) and model 2 (Y =a?+ e?) investigating the
effect of common environment. Another comparison was
carried out (Model 1 and 3 where Y =a2+c?) to investigate
the role of non-shared environment. Finally, the best fit
model was introduced and the proportion of genetic factor
or environmental factor was given in percentages.

Results

Genetic analysis

Using Falconer’s formula,?% heritability value was
estimated at 0.66 where the shared environmentinfluence
was estimated at 0.22 and non-shared environment was
0.13. Both Figures 1 and 2 show the correlation between
twin 1 and twin 2 for age of menarche. As shown by
scatter plots, co-efficient of correlation for MZ (r=0.875)
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Figure 1: Scatter plot of age of menarche (Years) twin 1
and twin 2-monozygotic twins
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Figure 2: Scatter plot of age of menarche (Years) twin 1
and twin 2-dizygotic twins

was higher than that of the DZ (r= 0.657). Univariate
twin analysis using Mx 2.0, however, found an estimate
of 15 for heritability and the best fitting model for age
of menarche was CE model where C stands for shared
environment with the contribution of 82% and E stands
for non-shared environment with 18% influence.

Non-genetic analysis
Descriptive analysis

Mean age was 31.52 + 9.53 years old with median of
30 years, minimum of 16 and maximum of 63. Average age
of menarche was 13.18 + 1.60 years with the minimum of
9, maximum of 17 and median of 13 years of age.

Tests of association

There was no significant difference in age of
menarche between MZ and DZ twins (13.15 + 1.43 vs.
13.21 £ 1.81, P=0.785). In addition, age of menarche
was not associated with being breastfed during neonatal
phase (P=0.763), and type of zygosity (P=0.697), birth
weight (P = 0.830), and gestational age (P = 0.936).
In addition, age of menarche was not found to be
associated with variables categorized as reproductive
behavior or reproductive events during adulthood
except for hirsutism where proportion of hirsutism
was found to be higher among those who had late
menarche (9/24) compared with those with normal
menarche (25/114) [Table 2].

Reproductive behavior was further analyzed and
compared between Malaysian and Iranian participants.
Although the age of marriage (25.89+3.29 vs. 19.47 £ 4.45;
P =0.001) and age of first pregnancy (27.00 = 2.95 vs.
20.38+4.21; P=0.001) were higher among Malaysians
the number of pregnancies, deliveries and children were
not statistically significantly different (P = 0.348, 0.423
and 0.423, respectively).

Sub-analysis: Precocious and late menarche

We conducted a sub-analysis comparing two categories
of early and late menarche. About 10 of subjects (n=19)
had precocious menarche (below 11.58 years of age minus
one standard deviation below the mean) and 17 (n=33)
had late menarche (above 14.78 years of age plus one
standard deviation above mean). Early or late menarche
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Table 2: Association of reproductive events with early,
normal and late age of menarche

Variable Precocious Normal Late Pvalue

menarche menarche menarche

(%) (%) (%)

Breast fed as a baby
Yes 17 (9.0) 115(60.8) 27 (14.3) 0.763
No 2(1.1) 22 (11.6) 6(3.2)
Type of twin
Identical 9(4.7) 81 (42.0) 18(9.3) 0.697
Non-identical 10(5.2) 60(31.1) 15(7.8)
Gynecological problem
Yes 7 (3.7) 33(17.3) 10(5.2) 0.399
No 12 (6.3) 106 (55.5) 23(12.0)
Irregular menstruation
Yes 1(0.5) 17 (9.2) 6(3.2) 0.407
No 18 (9.7) 116(62.7) 27 (14.6)
Hirsutism
Yes 0 (0) 25(13.1) 9 (4.7) 0.05
No 19(9.9) 114(59.7) 24 (12.7)
Acne
Yes 0 (0) 24 (12.4) 7(3.6) 0.112
No 19(9.8) 117(60.6) 26 (13.5)
Baldness
Yes 1 (0.5) 11(5.7) 3(1.6) 0.884
No 18(9.3) 130(67.4) 30 (15.5)
PCOS
Yes 2(1.1) 11(5.8) 5(2.6) 0.443
No 17 (8.9) 127(66.8) 28 (14.7)

PCOS: Polycystic ovary syndrome

was not associated with birth weight (P=0.925), duration
of menarche (P = 0.425), menstrual interval (P = 0.887),
weight (P=0.327), height (P=0.569) or any of the variables
categorized as reproductive events or reproductive
behavior e.g., (age of marriage P = 0.210; age of first
pregnancy P=0.614). Moreover, a comparison between
identical and non-identical twins showed no significant
difference in the proportion of subjects with precocious
and late menarche (P = 0.399).

Opposite-sex twins

A comparison between age of menarche among
females of opposite-sex twins (male-female, n = 17)
and same-sex twins (n = 176) showed no significant
difference between the two groups (P = 0.635).

Discussion

Menarche or first menstrual period is a landmark
in reproductive life span and it is the most prominent
change of puberty which shows successful reactivation
of hypothalamic-pituitary-gonadal axis, leading to sexual
maturation. Several studies have indicated that the
time of menarche can be under the influence of genes as

well as individual environmental factors interacting with
genetic factors.[9?223 These studies introduce a range
of heritability values from 50% to 80%. This variation is
mostly due to measurement errors, recall bias or additive
gene-environment interaction.

Measurement and bias errors are not accounted for
in retrospective studies. Our study is also susceptible
to both of these errors. Evidence suggests that there is
a relatively strong correlation between the true age of
menarche and that reported by adults after 30 years.?*
More than 50% of our participants were 33 years of age
or less. And the difference between age of menarche
and current age was not greater than 20 years for each
individual (at 50" percentile) reducing the chance of
recall bias.

Pickles et al?® claimed that nearly all variations in age of
menarche are due to additive genetic effects. He, however,
used a method of analysis where gene-environment
interaction was not taken into consideration. If there
are interactions between gene and environmental
factors (shared or not-shared), the heritability coefficient
is biased when the interactions are ignored. MLA modifies
the older methods of twin analysis and introduces three
proportions of genetic, shared and not-shared environment
in determination of measured trait, taking the interaction
between gene and environmental variation into account.
Using the Falconer's method, heritability was calculated
for our data as 0.66% or 66%. This value fits well with
the reported range of heritability value in the literature.
However, conducting MLA (with interaction terms)
suggested that only 15% of this variable is determined
by genetic deviation and the remaining variation was
due to environmental factors. Based on the quantitative
genetic modeling, significant evidence of environmental
contribution to individual differences in age at menarche
was found. The best fitted model was CE translating that
82% of the trait is determined by common environment (C)
and 18% by no-shared environment (E).

Difference between these two estimations (Falconer’'s
method and MLA) might also be due to differences
amongst the variances and co-variances of MZ and
DZ twins in the matrix analyses. The high concordance
between twins might be due to the fact that the twins
in this study shared their childhood and adolescence
together and grew up in the same environment. Although
MZ twins are genetically identical, if a trait is influenced
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by environmental factors (inclusive of intra-uterine,
neonatal, childhood, and adolescent environment), high
concordance is an expected observation. Given that
DZ twins also have the opportunity to share the same
environment, a high correlation was observed between
DZ twins (r=0.675). Variation between co-variance of
DZ and MZ twins have been therefore, smaller than
expected. The maximum likelihood method of twin
analysis ignores the co-variance and thus is a more
accurate twin analysis.[' Our MLA heritability estimates
are consistent with evidence from the literature.['826-28]

Next, we examined the association between age of
menarche and reproductive event/behavior. Until this date,
no study has investigated such association among twins.

The conceptual frame-work was based on evidence
from the literature that precocious menarche leads to
“early exposure to reproductive hormones,” which can
then increase the chance for exposure to risk factors for
various diseases.?*3% Early age of menarche is therefore
introduced as a life predictor of breast cancer risk.['l
We postulated that other reproductive events during
adulthood could also be under the influence of age of
menarche. None of the measured variables (reproductive
events or reproductive behavior) was found to be
associated with age of menarche. Frequency of hirsutism,
however, was significantly higher among subjects with
late menarche (P = 0.05).

Reason for higher hirsutism level among those with
late menarche is discussed in the literature.®'?! If free
testosterone in the serum is high, it could both delay the
trigger needed to stimulate HPO-axis causing late menarche
and causes clinical symptoms of hyperandrogenism such
as hirsutism. On the other hand, Zukauskaite et al.*® found
earlier age of menarche in hirsute adolescent girls.

Late or early menarche can be due to intrauterine
exposure to testosterone. Animal studies on rodents
have shown that male twins can influence the hormonal
balance of female fetus and cause a male dominant
phenotype.¥ For instance, female fetuses located
between male fetuses have higher testosterone
concentrations than do female fetuses located between
female fetuses. Hormonal imbalance can cause
behavioral as well as morphological differences in adult
rodents.® Human studies show similar phenomena
occurring in twins with opposite gender. The hypothesis
supported by these studies is called “intrauterine position

effect” and is about diffusion of steroid hormones from
one fetus to another through direct transfusion or through
fetal membrane, placenta or amniotic fluid that could
cause similarities in terms of hormonal balance. Our study
postulated that opposite sex twins could have earlier or
late menarche rather than normal menarche however,
findings showed otherwise.

We also hypothesized that early or late menarche
could have an effect on decision making related to
reproductive life events such as age of marriage, age of
first pregnancy, number of pregnancies and deliveries,
and number of children. Our sub-analysis, however, failed
to show any link between age of menarche and these
reproductive behaviors. Cultural influence on reproductive
behavior is undeniable. Age of marriage and age of first
pregnancy was lower among Iranian twins. However, this
did not influence subjects’ behavior in terms of number
of pregnancies and/or number of children.

Conclusion

Age of menarche is under both influences of genetic
and environmental factors. Our findings support a greater
role for shared and non-shared environment. Birth weight
as well as childhood events such as being breastfed,
and vaccination were not related to age of menarche.
Reproductive events in life were not related to age of
menarche except for hirsutism, which was found to be
higher among those with late menarche. Reproductive
behavior was not linked with age of menarche. Age
of menarche was also not associated with gender of
co-twin. It is suggested that future studies consider
longitudinal surveys of twins to measure pre-menarche
anthropometric milestones as well as environmental
factors such as nutrition, exercise, and stress in
determining the age of menarche.
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