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Purpose: The study aims at investigating the relationship between environmental and hereditary causes of
reproductive behaviour, which would otherwise be difficult to study.

Materials and Methods: This cross-sectional descriptive study of the female reproductive health of twins
investigated the heritability of qualitative and quantitative measured variables related to the reproductive
behaviour of adult twins. Subjects included192 identical and non-identical twins, 15 years of age and above, who
were living in urban areas of Malaysia.

Results: Basic genetic analysis for variables related to reproductive behaviour revealed that the age of first
pregnancy, number of pregnancies and age of first marriage were under genetic influence. Proband wise
concordance rate analysis showed higher similarity between identical twins in adopting recommended
reproductive behaviour such as undergoing pap smears and using family planning techniques. The model-fitting
analysis supported these findings.

Conclusion: We concluded that genetic variation exists in individual differences in the reproductive behaviour

of young female adults.
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INTRODUCTION

While many epidemiological and clinical studies have tried
to improve our knowledge regarding reproductive behaviour,
few studies have been done on twins. Reproductive behaviour
is associated with human development (Christensen et al.,
2003; Houle D., 1992), infertility (Day et al., 2015; Rahmioglu
et al., 2014) and certain psychological disorders (Mehta et al.,
2016). Infertility and sub-infertility that constitute about 20-
30% of infertility cases remain unexplained, while over 48.5
million couples are infertile worldwide (Mehta et al., 2016).
Age of marriage and age of the pregnancy, although considered
issues related to social sciences, are closely linked with one’s
health.

Family and twin studies have long been used to find the
genetic or environmental effect of a trait. Even though twins
are the same age and usually grow up in the same household,
their experiences can differ greatly. Identical twins share all
the same hereditary material (DNA), whereas fraternal twins
share only about half of the same DNA. Greater similarity for a

trait among identical twins than the same trait among
fraternal twins implies that the influence of genetic factors
may predominate over that of environmental factors. Twin
studies help us to understand the effect of genes and the
environment on a specific measured variables.This study
aimed to examine the relative contribution of genetic and
environmental components pertaining to reproductive
behavior including the age of first pregnancy, sex of children,
number of pregnancies, deliveries, abortions, and number of
children.

MATERIALS AND METHODS

This was a cross-sectional and comparative study. The
study setting included all urban areas from Malaysian
providences. Volunteer twins entered the study. The target
population were adult female-female, and female from
female-male twins, including both dizygotic (DZ) and
monozygotic (MZ) twins. For the purposes of asking
reproductive health questions, an adult was some 15 years of
age and above. If one twin was not willing to participate,
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his/her cooperation was sought through the other twin. If
he/she still did not want to participate, the data from the first
twin were not analyzed. The histories of the Malaysian Twin
Registries are described elsewhere (Jahanfar and Jaffar, 2013;
Jahanfar, Lye and Krishnarajah, 2013).

This study was funded by the University of Kuala Lumpur.
The Ethics committee at the National Malaysian Research
Registry approved the study (# 7379).

To recruit twins, a poster and a pamphlet was designed,
inviting all twins to register. These materials were sent to all
public and private hospitals, clinics, high schools, colleges and
universities, ministries, public offices and shopping centers. A
website was designed for the same purpose. A YouTube video
clip was produced to explain the registry in three different
languages (Chinese, Bahasa Malaya and Tamil) and invited
twins to participate in the study. The information was also
disseminated through mass media such as radio stations and
newspapers. The information included the objectives of
establishing a twin registry and the benefits and advantages of
such a program (Jahanfar and Jaffar, 2013).

Twins contacted the two registries by calling or sending an
SMS to phone numbers given in the advertisement, sending an
e-mail to the prepared website, or faxing or mailing a letter
provided in the pamphlet. Information from the participants
was collected via phone calls. At the first stage, 800 phone calls
were made. There is no record of how many successful contacts
were made. From the phone calls made, only 192 individual
twins were willing to cooperate fully. Refusal to cooperate was
due to several reasons: language barriers, subjects finding the
information to be sensitive, and choosing not to cooperate
after consultation with their partner. There is no information
on the percentage of each of these reasons.

In all cases, an information sheet explaining the study’s
objectives was read for the twins over the phone and their
consent to participate in the study and consent to publish the
study results were obtained verbally. Details of their co-twin
were obtained; the co-twins were contacted through SMS,
phone call, e-mail, or mail to register and further data were
obtained from them through phone calls.

Two research assistants at each study setting were
available during working hours to answer the phone calls and
handle the interviews by phone or face to face in the case
where the twins were referred to the registry office. One
researcher was available during the weekends to fill in the
questionnaire if the twins required. Each interview took about
15 to 20 minutes. Female interviewers interviewed the twins
when possible, to increase the response rate. Telephone
interviews were conducted whenever possible, and attempts
were made to fill the questionnaire at the first contact. All the
questionnaires were filled in by the interviewer.

A standard pilot-tested questionnaire was designed using
brainstorming and literature review. The questionnaire was
sent to five reproductive health specialists for content validity.
The reproductive health questionnaire consisted of two major
sections. The first section included descriptive socio-
demographic data. The second section included information
related to reproductive behavior.

Data collected were as follows: age, sex, education,
occupation, marital status, race, weight and height (memory

recall: if in doubt they were asked to measure their weight and
height if possible; a second phone call was made to confirm the
correct data on weight and height if necessary), birth weight (if
subjects had difficulty recalling this, they were asked to ask
their parents about birth weight; in some cases, the
researchers called the parents), the status of living (shared or
separated), and zygosity (subjects were asked if they are
identical or not, whether their friends and relatives have
difficulty recognizing them and if as a child they used to wear
an identical mark). In a population-based sample of female-
female adult twins, self-reported zygosity in both members of
the twin pair agreed with assigned zygosity in about 95% of
pairs (Kendler et al., 1993). A study from the Garvan Institute
in Australia has shown that comparing the subject’s stated
zygosity with DNA matching has over 99% accuracy (Jahanfar,
2008).

Reproductive behavior was assessed by asking the
following questions: age of first pregnancy, sex of children,
number of pregnancies, deliveries, abortions, and number of
children. All participating twins in this study were living
together during childhood. This was verified by asking them,
“were you living together during childhood?”

The sample size was calculated using MX script via
simulation, as described in Neale (1997). The number of
samples depends on the h? (heritability index) and C?
(Common environment index) for each variable. For example,
for a variable such as “age of marriage”, the heritability is 0.4.
The sample size of 190 was considered adequate to reject the
null hypothesis at a power level of 0.80 and a level of 0.05. The
sample comprised 50% MZ and 50% DZ pairs reared together.

Statistical analysis and modelling techniques are explained
elsewhere (Jahanfar, Lye and Krishnarajah, 2013) but described
shortly in three sections: proband-wise concordance rate,
SPSS was used for descriptive analysis. Then, a more
comprehensive genetic analysis was conducted using the Mx
2.0 software (Neale, 1997).

Statistical Analysis

Data analysis is explained in four sections: Classical
Falconer’s model approach, proband-wise concordance rate,
genetic modelling for qualitative variables and model fitting
analysis.

Classical Falconer’s Model Approach

Using twin data, it was possible to estimate the variance
components using Falconer’s formula (1966). Basic twin
studies adopt this formula for estimation of heritability (h?).
This is an index of the relative contribution of genetic effects
to the total phenotypic variance and it is calculated using this
formula: h?=2(rMZ - rDZ) where r is the intraclass correlation
coefficient. Comparing resemblances between twins for traits
is most frequently used for calculation of heritability. Identical
twins are twice as genetically similar as non-identical ones and
heritability is approximate twice the difference in correlation
between MZ and DZ twins.

The effect of shared environment or C can be calculated
using h? as it contributes to the similarity between twins due
to the effect of shared environment they are raised in. The
shared environment is estimated by MZ correlation deducted
from heritability value C?= (tMZ - h?) or C?= (2 rDZ- rMZ). Not-
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0=symptoms absent; 1=symptoms present

Figure 1. Contingency table

shared environment or E? is a reflection of the degree to which
identical twins raised together are dissimilar, E?= (1- rMZ) or
E2=1- (h2+ C2).

Proband-wise Concordance Rate for Qualitative
Variables

This is the probability that the co-twin of a proband twin
will also have a condition, a symptom of a disease. Every
affected individual is considered a proband. Numbers of
probands whose co-twins are affected are then divided by the
number of probands. For instance, if we set a contingency table
as Figure 4, the proband-wise concordance rate is calculated
using this formula: 2d/(2d+b+c). It is worth noting that the
number of probands with an affected co-twin is twice the
number of concordant affected pairs. The influence of genetic
component from proband-ascertained twin pairs is usually
based on a difference between MZ and DZ concordance rates.
If MZ to DZ concordance ratio is 2 to 1, it means that MZ twins
are twice as likely to be affected if their co-twin is affected than
DZ twins. This suggests that the effect of additive genetic
influences is possible for the measured trait.

Genetic Modelling for Qualitative Variables

Correlation in liability for each type of twins, known as
tetrachoric correlations, can be estimated by maximum
likelihood via MX. Contingency tables for MZ and DZ for every
single variable was entered as a Matrix into MX script retrieved
from MX website and output inclusive of p values, and chi-
squared fit to model was retrieved as well as 95%CI, lower and
higher limits.

Quantifying the genetic and environmental contribution to
a binominal variable is feasible by assuming that there is a
continuous underlying liability to disease (Falconer, 1989).
This threshold of liability divides individuals into two
categories: with or without the disease or condition. In a twin
sample, correlation in liability among twins can be estimated
from the frequencies of concordant and discordant pairs, and
it is called tetrachoric correlation. The assumption behind this
correlation is that the underlying liability is following a normal
distribution or can be transformed in one. According to Neale
(1992), structural equation modelling can then be applied to
the MZ and DZ twins’ correlations to provide estimates of the
relative genetic and or environmental factors contribute to
determining the trait. For each phenotype, there are genetic
variance inclusive of additive component (A) and a dominant
component (D) as well as environmental variance inclusive of
common or shared environment (C) and unique or non-shared

environment (E). The genetic model can then be represented
as a linear structural equation:

P=aAi+ dDi+ cCi+ eFi
Vp=a2+d2+c2+e2=1

Where P is the phenotype of the ith individual, scaled as a
deviation from zero. Vp is the total phenotype variance of the
population, representing the sum of the individual
components, a2 stands for additive genetic variance, d2:
dominant genetic variance, c2: common environmental
variance and e2: unique environmental variance. A, D, C and E
are considered as uncorrelated latent factors with mean of zero
and variance of one while a, d, ¢ and e are regression
coefficients of the observed variable on the latent factors and
they indicate the strength of the relationship between latent
factors, and the phenotype. If we calculate the square of the
regression coefficients and add them together (VA=a?, VD= d?,
VC =c?, VE =e?), the result would be equal to the total
phenotypic variance, which is 1 for threshold traits (Snieder,
1997).

For MZ twins, the correlation between additive and
dominant genetic factors between the twin 1 and twin 2 is one.
For DZ twins, these values are 0.5 and 0.25, respectively.
Correlations are unity between common environmental
factors and zero between unique environmental factors. The
observed tetrachoric correlations can, therefore be
represented as the sum of the following components, for MZ
and DZ twins, respectively: rMZ= a’+ c*+e?, and rDZ= 1/2a%*+
c?+1/4e?, where rMZ and rDZ are the tetrachoric correlations.
These values can be estimated using MX script for calculating
tetrachoric correlations found from MX script library
(http://mxscripts.ctglab.nl/index.php?page=mx_news).

Contingency tables for MZ and DZ were entered in the
appropriate place in which the cells contained the frequencies
of pairs concordant and discordant for the presence or absence
of a condition or disease (such as hirsutism) for both MZ and
DZ twin pairs.

Model Fitting for Qualitative Data

Using MX, models were fitted to the matrices by the
method of maximum likelihood and the relative significance of
A, C, and D were tested by removing them sequentially in
specific sub-models by hierarchic chi-squared tests; the chi-
squared -value of a sub-model was subtracted from that of the
full model. The degrees of freedom (df.) for this test was equal
to the difference between the df for the full model and the sub-
model. This was done using MX script for ACE and ADE model
fitting qualitative data.

The reconstructed contingency data from each of these
models were compared with that of the observed twin data
(i.e., the original 2x2 tables) and chi-square-values, p-values
were generated. A low value for chi-square and a high p-value
indicates that the model offers a good description of the data.
Akaike’s Information Criterion (AIC, x-2 df) was also generated
to evaluate the fit of the models. According to Neale (1992), a
model with the lowest AIC reflects the best balance of
goodness of fit and parsimony.

The objective of the model fitting method was to acquire
the simplest model or the best fitting model that provides an
adequate description of the data. The heritability (h?) for the
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Table 1. Description of quantitative variables of reproductive
behavior for both MZ and DZ twins (n=193)

Variable Mean SD Min Max

Age of marriage 20.98 5.036 10 35

Age of first pregnancy 21.17 4.603 11 32

Number of pregnancy 2.9 2.03 0 10
Number of delivery 2.51 1.7 0 8
Number of abortion 0.25 0.54 0 8
Number of living children 2.52 1.69 0 8
Number of boys 1.28 0.99 0 4
Number of girls 1.32 1.00 0 6

best-fitting model was then given as the proportion of A, C or
E accordingly.

Model Fitting for Quantitative Data

The typical statistical approach employed is known as
maximum likelihood estimation and explained
comprehensively elsewhere’. MX interface
(http://statgen.iop.kcl.ac.uk/bgim/ twinfit.html) was used to
find the best fitting model. Two variances and covariance were
found for MZ and DZ using SPSS, and 6 outputs were placed in
twin univariate model fitting. The number of DZ and MZ twins
and type I error rate of 0.05 (the probability of falsely rejecting
a model) was entered in the model.

RESULTS

Descriptive Analysis

A simple description of quantitative variables studied as
reproductive behaviour is shown in Table 1. Our total sample
was 192 females or 96 twin pairs inclusive of 108 identical
twins (MZ, 54 twin pairs) and 84 non-identical twin pairs (DZ,
42 twin pairs). Age of marriage and age of first pregnancy
ranges between 10-35 years and 11-32 years, respectively.
Marital age in Malay culture occurs often starts from a very
young age protected by Sharia law. There was one case who
married at age of 10, 5 cases at the age of 12, 3 cases at the age
of 13 and 7 cases at the age of 14. DZ twins were more likely to
marry at an earlier age compared with MZ (19.15+4.85 vs.
21.60+4.51, p=0.002). This could inflate the genetic
component of the model described below.

Genetic Analysis
A classical approach using Falconer’s formula

There was a significant correlation between twin 1 and twin
2 for both MZ and DZ twins for measured variables (p=0.001)
(Table 2). The similarity between the behaviour of twin 1 and
twin 2 for the age of pregnancy in the MZ type is much higher
than that of the DZ, leading to a heritability value of 0.68.
Other variables, such as the number of living children and
deliveries, have a low heritability (0.245), while genetic
contribution was above 50% for a number for pregnancies and
age of marriage (Table 2).

A significant correlation was found between twin 1 and
twin 2 for both MZ and DZ twins in all the quantitative
variables measured including the age of marriage, age of first
pregnancy, number of pregnancies, number of spontaneous
miscarriage, number of living children, number of boys and
girls (See 95%CI for all these variables in Table 2). Maximum
likelihood analysis was performed for reproductive behaviour
traits but was not presented as the DZ variances were either
larger than the variances for MZ twins or the covariance of DZ
twins was higher than that of the MZ twins. Covariance
measures the strength of correlation between individuals
(Twin 1 and 2) for every measured trait. If a trait is inherited,
the MZ correlation will be high, and therefore, the covariance
should be large. In these circumstances, however, the value for
DZ correlation is low, and therefore, their covariance should
be small. One of the criteria for running the maximum
likelihood analysis by MX is having a smaller covariance for the
DZ twins than that of the MZ twins. If this assumption is
violated, then the model will not run. Moreover, the
distribution of quantitative variables was not normal as the
Kolmogorov smirnov normality test was statistically
significant for all these variables (p=0.001, data is not shown).
Data was, therefore, categorized and analyzed as qualitative
outcomes.

Qualitative Variables

The frequency distribution of some of the qualitative
variables considered as reproductive behaviour is shown in
Table 3.

Probandwise Concordance Rate and Model Fitting

All but 15 cases were under prenatal, and postnatal care
and only eight subjects did not breastfeed their baby. There
was not sufficient data on miscarriage among DZ twins. It was

Table 2. Analysis of genetic and environment variable for variables related to quantitative reproductive behavior

Variable vz Iz *Genetic component **Shared environment Non shared environment

Age of marriage (Y) 0.712 0.551 0.583 0.129 0.288
Age of first pregnancy (Y) 0.713 0.241 0.971 <0.1 <0.1
Number of pregnancies 0.790 0.563 0.674 0.116 0.21

Number of deliveries 0.712 0.684 0.237 0.475 0.288
Number of abortions 0.270 0.208 0.124 0.146 0.73

Number of living children 0.712 0.684 0.237 0.475 0.288
Number of boys 0.549 0.171 0.869 - 0.131

Number of girls 0.440 0.511 0.376 0.064 0.560

*Genetic component is estimated using this formula: h?=2(rvz - 1pz).

**Environment component is divided into two portions inclusive of “shared environment” or common environment and “non-shared
environment” or individual environment. Shared and non-shared environment are estimated using the following formulas respectively: C*=(ruz

-h), E?=1- 1wz
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Table 3. Description of qualitative variables of reproductive
behavior for both MZ and DZ twins (n=192)

Variable Frequency Percentage
Prenatal care during last pregnancy
Government Hospital 15 12.3
Government Clinic 75 61.5
Private hospital/clinic 27 22.1
None 5 4.1
Postnatal care during last pregnancy
Government Hospital 46 40
Government Clinic 55 47.8
Private hospital/clinic 9 7.8
None 5 4.3
Did you breastfeed your baby? 117 93.6
Did you follow a family planning program? 128 48.1
Have you done pap smear during last year? 128 55.2
Age of marriage more than 22 years 77 46.1
Age of first pregnancy more than 22 years 55 44.7
More than 3 pregnancies 53 44.9
More than 3 deliveries 43 37.1
Any spontaneous miscarriage 100 85.5
More than 3 children 89 76.6
Having a boy 93 79.5
Having a girl 82 70.1

therefore not possible to estimate the probandwise
concordance rate for MZ and DZ twins for these measured
variables of reproductive behaviour due to lack of numbers.
Probandwise correlations for the following variables were
higher than 1, suggesting genetic influence: family planning,
pap smear, age of marriage (prior to 22 years), age of first
pregnancy (before 22 years), and number of children, girls and
boys (more than 3). Tetrachoric correlation for these data was
estimated as shown in Table 4. Values were lower for DZ twins
than MZ twins. Genetic modelling for these variables was
performed, and it was found that for both all the variables CE
(C91%, E9%) and (C85%, E15%) was the best-fitted model.

DISCUSSION

Reproductive Behavior

Genetic effects on fertility do not originate only through
direct biological processes; in fact, the role of human traits and
behaviors under volitional control is probably greater (Rodgers
et al., 2001).

Measures of reproductive behavior such as the age of
marriage, age of first pregnancy, number of pregnancies, and
number of children were measured in our study using a basic
approach. However, it was not possible to run a univariate twin
analysis, as the covariance for DZ twins was found to be higher
than that of the MZ twins, a finding that would make it
impossible to run the matrix analysis. It is worth noting that
the early age of marriage is correlated with the number of

pregnancies, followed by other quantitative phenotypes
representing reproductive behavior. These data was then
categorized and analyzed as qualitative data.

Adopting family planning programs and taking pap smear
tests were also asked about in our study as measures of
reproductive health behavior, both of which were found to
have higher proband-wise MZ to DZ concordance ratio more
than 1. The model fitting analysis suggested CE model as the
best-fitted model for all the above-mentioned variables.

A major twin study on reproductive behavior was done by
Fisher (1920). According to his fundamental theorem of
natural selection, the size of the descendant pool deriving
from “high reproducers” overwhelms the pool of descendants
of “low reproducers”. Genetic variance in human fertility was
shown by Fisher to be around 0.40 among British aristocrats
(for variable family size variable). Houle et al. (1920) later
found a low heritability for father-child pairs (0.02) and
mother-child pairs (0.12). International data from twins raised
apart also showed a low heritability value for fertility (0.12)
(Mealey and Segal, 1993) Kohler et al. (Between Nurture and
Nature: The Shifting Determinants of Female Fertility in Danish
Twin Cohorts - Journals - NCBI, no date) looked at the
heritability of family size among Danish twins and found a
significant influence of genes. Greater similarity of the
completed fertility among female monozygotic twins was
found as compared to dizygotic twins, meaning that the
genetic influence on the fertility of females increased over the
sample period. Some other investigators studied the age of
first intercourse (Miller et al., 1999), age of marriage (Fisher,
1920), age of first pregnancy (Fisher, 1920), and fertility
expectations (Rodgers JL, Rowe DC) among twins to estimate
the heritability rate. Kohler et al. (2002) found a high
heritability for fertility in Denmark during the demographic
transition where high levels of personal choices in fertility
decision-making were available to Danish citizens. Rodgers et
al. (n.d.) reported a heritability of 0.33 for fertility in a US
survey, and moderate heritability for age at first pregnancy.

An Australian twin study found a significant overlapping
genetic variance between the first age of reproduction, age of
menopause and reproductive fitness measures (Kirk et al.,
2001). Our study result is consistent with that of Rodgers et al.
(2001), which reported a small but significant genetic variance
for measured variables such as a number of children. However,
our data for the age of pregnancy shows a higher heritability
than Rodgers et al. study. This could be due to variation in
social concepts of fertility, demographic variations between
the countries, and freedom of choice for fertility.

Direct and involuntary biological processes, therefore,
seem to be under genetic influence as adaptive processes. For
instance, a mutation causing resistance to disease in utero
would increase surviving family size, and therefore both
phenotypic and genetic variance. Mutations can also change

Table 4. Probandwise concordance rate of MZ and DZ twins, its ratio and tetrachoric correlation for qualitative reproductive

behavior

Probandwise concordance Probandwise concordance

Tetrachoric Correlation Tetrachoric Correlation

Variable name rate for MZ twins rate for DZ twins Ratio vz I'nz
Family planning 0.888 0.733 1.21 0.92 0.85
Pap smear 0.904 0.750 1.205 0.96 0.66
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genetic variance and contribute to reproductive success.
Beauty or charisma, for example, cause sexual attraction.
Another theory that can explain genetic variation is “gene
flow” in partially isolated populations, over-dominance of
surviving gene, as explained by Hughes (Rodgers and Rowe,
n.d.). She shows empirical evidence that phenotypic variance
for human fitness traits and fertility are likely due to genetic
polymorphism that is actively maintained by natural selection.
The remainder of phenotypic variance, she believes, is either
non-genetic or due to non-adaptive forces such as mutation.

However, many disruptive factors in today’s society
contribute to maintaining genetic variance for fertility and
reproduction success within the population. These factors are
inclusive of changes in societal norms about sexual attraction,
marriage and mating; access to contraceptive methods and
availability of family planning choices; changes in desires and
norms for family size; treatment of human infertility, laws and
regulations regarding abortion; and the economic status of
families. Fertility, therefore, is strongly behavioral as well,
even though a biological component has been introduced.
Rodgers et al. (2001) argue that fertility differentials are
genetically influenced, and at least part of the influence derives
from behavioral precursors that are under volitional control,
which are themselves genetically mediated. The latter is
explained by Miller et al. (2000), who suggested a theoretical
framework relating motivation for having children to genetic
determinants through neural substrates. Miller et al. divided
motivations for having children into positive and negative.
They then postulated that positive childbearing motivation
originates from traits such as nurturance and affiliation and
that negative childbearing motivation derives from security-
related traits such as avoidance of harm and anxiety (over
having children). According to Miller et al., these traits are
under the influence of biochemical messengers secreted from
neurotransmitters, which in turn are under the influence of
genes. Other studies also show a relation between
reproductive  physiology and reproductive behavior.
(Randolph, 2008; Stuckey, 2008). In these studies,
reproductive behavior is measured by fertility outcomes, age
of first intercourse, age of first pregnancy, number of living
children, and so on. Substantial evidence suggests that these
variables have a heritable component. There are different
sources of genetic influence on fertility variance and other
components of reproduction behavior, including gene-gene
interaction or gene-environment interaction. Different
processes of mutation, heterozygote advantage or over-
dominance (as in Fisher’s model mentioned earlier), sexual
antagonism and environmental perturbations re-introduce
genetic variance into fitness traits even though the process of
natural selection is washing it out.

Udry (1996) suggested that biologically based variance can
only emerge in cultural settings where a substantial choice of
fertility is available (Udry, 1996a). He, therefore, believed that
a high level of heritability can only be observed in modern
societies in which contraception is practiced and not in
societies where many follow a natural fertility regimen, i.e.,
unprotected sex, justified by societal and biological norms to
have children as often as possible, which will hide the
individual differences in fertility motivation. Kohler et al.’s
results with high heritability for fertility outcome support

Udry’s theory, as their study was done during fertility
transition (when falling family sizes reflected increased
individual choices over reproduction). In order to test Udry’s
theory, a longitudinal study of generations of twins is
recommended to investigate the heritability of fertility and
reproductive behavior measures in a full reproductive life
span. An epidemiological study to compare heritability of
these measures among societies that practice contraception
with those that do not can ultimately prove or reject his theory.

The biological, social and reproductive characteristics of
women who have had twins were compared with those of other
parous women using questionnaire data gathered for a
prospective cohort study of women aged 35 and over on the
island of Guernsey. Data for 97 mothers of twins and 4026
other parous women were available for analysis. This study did
not provide evidence that mothers of twins differ markedly
from other parous women across a range of characteristics that
might be associated with twinning or associated with breast
cancer risk (Murphy et al, 1998). A more recent study
investigated the genetic behavior of 4925 Finnish twins aged
23-27 years old (Mustanski et al, 2007). Investigators
evaluated theoretical perspectives that differentially
emphasize biological dispositions, social/cultural factors, or
universal pathways to explain individual differences in sexual
behaviors using a twin study design. The following variables
were studied: self-report information on initiation/abstinence
of sexual intercourse, onset age, and number of sexual
partners. There were trends for common environmental
influences on the initiation of sexual activity and, in females,
age at first intercourse. Some differential effects in males and
females were found. Results comparing “onset age of sexual
activity” and “number of partners” among experienced twins
from pairs concordant and discordant for initiation found
genetic and environmental influences on initiation/abstinence
overlapped those found for the other aspects of sexual
behavior.

Study Limitations

The following limitations may apply to this particular
research; suggested solutions are discussed in the
parentheses.

e One twin might be unwilling to participate in the study.
This may lead to loss of data on both twins (interviewers
tried to encourage participation via the twin brother or
sister). Eight percent of cases among our twins did not wish
to be interviewed for this study.

e Twins were recruited using media-based advertising.
Those who did not use radio could have been left out of the
study. For this reason, pamphlets were distributed in
various public places such as schools, colleges, and
universities. This could target a group of youngsters and
educated twins with higher class in society, leading them
to register more. Thus, it was decided that other public
places such as shopping centers, mosques, and hospitals
should also be considered for advertising and distribution
of pamphlets and posters. This study is volunteer-based,
and it is well known to the researchers that those who did
not volunteer could be potentially left out. To solve this
problem, we used the snowball technique, meaning that
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the research assistants asked the subjects to tell other
twins about the study and encourage them to participate.
e Was there any need for comparing the twin results with
that of controls drawn from the normal population? The
nature of a twin study is based on a comparison between
twins of different sorts (MZ and DZ). Any variation
between the twins for the measured variable is considered
using within-twin and between-twin differences.
Therefore, the results of this study are only applicable to
twins, and this makes a comparison with the normal
population irrelevant.

e Could combining data from two different races (Malay,
Chinese, Indian) affect the result? Multiracial studies are
common for twin analysis when the sample size is not
adequate, or the proband is hard to identify. For instance,
Glinianaia et al. (2006) studied twin data for cerebral palsy
from 9 centers in Europe. Behavioral scientists have also
used cross-cultural studies of twins, pooling all the data
together and estimating the heritability values (Udry,
1996b). A mixture of twins from different ethnicities (85%
European American, 13.4% African American, and 1%
Hispanic, Asian or Native American) from Missouri twin
samples and samples from Dutch twin registries were
combined for analysis. Moskowitz (1999) (Hudziak et al.,
2004) and Schieken (1998) (Udry, 1996b) studied passive
childhood smoking and its relation with coronary artery
disease risk among twins, compiling data from various
races (85 black and 323 whites). It is therefore concluded
that collapsing data from various races or cultures should
not interfere with the heritability of a trait, although the
effect of the environment might be different. This
environmental difference is still shared by members of a
twin pair (MZ and DZ) for common environmental factors.
The individual variation between twins in each twin set is
expected for non-shared environmental effects and could
be affected by cultural differences, but it still defines a
variation between twins within each pair.

e According to Bruder et al. (Bruder et al., 2008), identical
twin studies may not be 100% similar. The presumption has
always been that identical twins are identical down to their
DNA. His finding suggests that there are small, subtle
differences due to copy number variation. Those
differences may point the way to a better understanding of
genetic diseases when we study discordant monozygotic
twins where one twin has a disorder, and the other does
not.

In conclusion, these results documented genetic variation
in individual differences in the sexual behavior of young
adults. Genetic dispositions should be considered as an
important contributor in the integrated models of twins’
sexual behavior to facilitate more effective health promotion
and risk-taking intervention.
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