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In this chapter, we address the question
whether individuals born from a multiple
pregnancy differ from singletons. The answer
to this question is important for health-care
professionals and researchers, as well as multiples themselves and their family members.
First, we review findings from the literature with respect to twin – non-twin differences in early life and conclude that a multiple
pregnancy increases the risk of congenital
problems and mortality for the unborn and
newborn children.
Next, we provide an overview of the outcomes of comparing adult twins to their singleton
siblings across a wide range of traits assessed in
the Netherlands Twin Register (NTR). In a
within-family design, comparing twins to siblings
from the same family, we correct for familial confounding. Overall, hardly any evidence was found
for the presence of twin-sibling differences for the
five domains explored, which included body composition and physical development, personality
and psychopathology, behavioral and sociodemographic traits, physiological parameters and physical disease, and cognitive function. With the
exception of minor differences in body composition, twins do not seem to differ from singletons,
when taking family factors into account.
In conclusion, while being a twin can be
seen as special, adult twins are similar to ordinary siblings across most domains of life.

Definitions
1. Twin – An individual born after the
same pregnancy of multiple zygotes
leading to a multiple birth.
2. Singleton – An individual who was the
single (surviving) zygote during a pregnancy and therefore not part of a multiple birth.
3. Barker hypothesis – The theory of fetal
origins of adult disease.
4. Congenital disorder – A condition present at birth that results from genetic or
chromosomal disorders, exposure to
certain medications or chemicals, or
certain infections during pregnancy.

5. Within-family design – A comparison of outcome (dependent) variables
between members of the same family
who may differ on the predictor (independent) variables.

n Learning Objectives
5 To gain insight into the risk of congenital problems and mortality in multiple
pregnancy
5 To understand the challenges in studying twin-singleton differences and how
the study of multiples and their singleton siblings from the same family can
resolve some of these problems
5 To increase knowledge regarding potential differences between multiples and
singletons in their development, behavior, and health

4.1

Introduction

Over the past decades, twin and higher-order
multiple pregnancy rates have increased in
many countries worldwide [14, 82, 112]. While
the increased number of infertility treatments
is often stated as the reason for this increase,
the increase in maternal age is also a significant contributor [57]. Compared to singletons,
that is children born from a single pregnancy
originating with a single zygote, children
born from a multiple pregnancy are born on
average 3 weeks earlier [33], and are about
4 cm shorter and 1 kilo lighter at birth [70].
Multiples, that is, twins, triplets, and higherorder multiples, may be at increased risk of
complications during pregnancy, delivery,
and in the postnatal period. The fetal origins
hypothesis and the developmental origins of
health and disease hypothesis, often referred
to as the Barker hypothesis, poses that low
birth weight reflects intra-uterine growth
retardation that may affect later development and increases the risk of disease development and earlier mortality [4]. Numerous
studies in the general population have indeed
found evidence for an association of low birth
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weight with diseases including hypertension,
cardiovascular disease, and diabetes [55], and
with all-cause mortality [48]. An important
question is whether this hypothesis extends to
twins, with twins compared to singletons having a higher risk of disease development and
early mortality due to their on average lower
birth weight, which would have consequences
for the health care of multiples.
Twins do not only differ from singletons in
birth weight. They also shared a womb, and
grew up with a sibling who is exactly of the
same age and often the same sex and even,
depending on the zygosity, alike in physical
appearance. Growing up with such a close
companion may lead to differences in behavior as it may encourage or discourage certain
behaviors and lifestyles through mechanisms
of social interaction [18]. Twins also tend to
have older parents than non-twin children,
and for a range of behavioral and cognitive
outcomes the children of older parents do
somewhat better than children of younger
fathers and mothers [102, 113].
The above inference raises the important question of whether twins are similar
to singletons, both with regard to health and
non-health-related traits. The answer to this
question is relevant to health-care professionals but also to researchers making use of the
twin design in studies to unravel the influence
of genetic and environmental factors on traits
of interest. The generalization of findings
based on twin research rests on the assumption that twins do not differ from non-twin
individuals. For example, in studies of geneby-environment interaction, twins should
not differ from singletons regarding their
exposure to the environment under study.
While this seems a reasonable assumption,
for example in case of the death of parents,
this may be different for some other life events
such as divorce or having an intimate relationship with others, because twin relations
may discourage such relationships [66, 67,
69]. Importantly, in addition to health-care
professionals and scientists, twins themselves
and their family members are interested in the
question whether and how twins are different
from singletons.

In this chapter, we first discuss findings
from the literature with respect to twin – nontwin differences in early life, e.g., birth weight,
pre- and perinatal mortality differences, and
congenital problems. In the second part, we
provide the results for adult twin – non-twin
comparisons across a wide range of traits
assessed in the Netherlands Twin Register
(NTR), including a large series of biomarkers.

4.2

Congenital Disorders
and Infant Mortality

When the proportion of multiple births in
Europe increased from 1.9% (1984–1988) to
3.1% (2004–2008), the prevalence of congenital anomaly from multiple births also
increased [15]. A multiple pregnancy carries
extra risk for fetuses and neonates. Twins
grow slower during the third trimester than
singletons [23], experience more intrauterine
growth restriction [19], and are more likely
to have a low birth weight [72]. This may
influence both twins but may also be limited to one of the members in a twin pair, in
the case of selective fetal growth restriction
[35]. Compared to singletons, multiple birth
children show a substantially higher rate of
overall perinatal mortality [91, 99] and stillbirth [24, 42], though some studies report
lower perinatal mortality rates in preterm
twin pregnancies, possibly due to increased
medical surveillance in the case of a multiple
pregnancy [3, 47].
In about 60% of twin pregnancies, malpresentation occurs, with one or both of the
twins not optimally positioned for birth [40].
Surgical delivery and assisted interventions
during vaginal delivery are common in multiple pregnancies [45, 88, 99] and multiple birth
is a risk factor for low Apgar scores [97, 98].
While preterm delivery and low birth weight
explain part of the higher perinatal mortality and morbidity rates in twins, the risk of
adverse outcomes is still higher when comparing twins with normal birthweight to singletons of the same birthweight [112].
The second-born twin generally faces the
greatest risks as obstetric complications, such
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as placental separation, cord prolapse, uterine atony, prolonged intertwin delivery time,
and cervical spasm, may occur after delivery
of the first-born twin [88] and can cause fetal
distress, low Apgar scores, and neonatal morbidity [41, 75].
Prematurity and low birthweight are also
associated with neurodevelopmental disorders and cerebral injury. Cerebral palsy (CP)
is reported five to ten times more often in
twins compared with singletons [80, 81, 89].
The risk of CP is affected by birth asphyxia
that causes cerebral impairment [81] and by
neonatal death or stillbirth in the co-twin [13].
There is considerable evidence that babies
from multiple pregnancies have a higher risk
of total congenital anomalies than singleton babies [30, 34, 73, 81], with reports of a
relative risk of 1.29 for congenital anomaly
in multiple births relative to singletons [14].
Hall [39] estimated that probably 10% of
monozygotic twins are born with a congenital anomaly. The most common anomalies in
twins and singletons for which twins have a
higher risk than singletons are cardiovascular anomalies [34, 49, 60, 62, 87, 108]. Higher
rates in twins are also reported for anomalies
of the central nervous system, the digestive
system, in particular gut atresias, the genitourinary track, and musculoskeletal systems
[34, 60]. In addition, neural tube defects have
been reported more often in twins [109],
and the prevalence of clubfoot is twice that
of the general population [110]. Twins, however, do not seem to have an excess risk of
oral cleft compared to singletons [37, 110].
With respect to chromosomal abnormalities,
study results differ. Some have shown lower
rates of chromosomal abnormalities in twins
compared to singletons [16, 25, 49, 73, 108],
while others showed no differences [34, 60].
Some chromosomal anomalies and imprinting disorders are more prevalent in MZ twins
with discordant presentation. For example, in
Beckwith-Wiedemann syndrome the majority of affected twins have an unaffected MZ
co-twin who may have only some features of
the disease, and it has been suggested that a
methylation failure in the twinning process is
involved [11].

Several explanations have been proposed
for the higher rates of congenital anomalies and malformations in twins, including
disturbances in early embryonic development, especially in MZ twinning [34, 49,
63], hemodynamic instability in monozygotic placentation [79], contribution of artificial reproductive technologies and other
treatments of infertility [10, 14, 34], as well
as maternal age at pregnancy [76]. In the
majority of the cases, congenital anomalies
occur in discordant pairs where only one
twin is affected [17]. The etiology is poorly
understood but may involve epigenetic factors [92] as was found in a study of monozygotic twin girls who were discordant for a
caudal duplication anomaly [74]. The coding region of the AXIN1 was sequenced
in both twins and while no mutation was
detected, this region was significantly more
methylated in the affected twin than in the
unaffected twin.
Several conditions are unique to multiple
pregnancies such as monochorionic-monoamniotic condition, twin-twin transfusion
syndrome (TTTS), and some rare malformations such as conjoined twins, fetus in fetu, and
acardiac malformation [56, 65]. Many congenital anomalies in twins are more common
in MZ twins than in DZ twins [73] and within
the MZ twins, more common in monochorionic than dichorionic twins [34]. Together
with TTTS, congenital anomalies are an additional risk for mortality and adverse neurodevelopmental outcome in monochorionic
twins [38, 61, 77].
A very rare condition, which may occur in
MZ twins, involves the reversal of the internal organs known as situs inversus partialis or
totalis [58]. Several case reports of MZ twins
with situs inversus are reported in the literature [2, 12, 31, 50, 90]. This may be related
to the phenomenon of “mirror twins,” when
the features appear asymmetrical in co-twins.
For example, left-handedness in one twin and
right-handedness in the other twin may be the
expression of an anatomical mirror image at
the level of the nervous system [31]. Other
explanations include conjoined twinning, a
late division of the embryo leading to MZ
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twinning, and a malrotation of the viscera
during early embryonic life [31, 58].
In conclusion, a multiple pregnancy increases
the risk of congenital problems and mortality of
the unborn and newborn. Still, the majority of
twins are born healthy in countries with good
health-care systems and develop normally. This
however, does not exclude the possibility that
twins differ from singletons in more subtle ways.
In the next part, we therefore explore possible
differences between twins and their singleton
siblings.

4.3

4.3.1

Adult Twin-Sibling
Comparisons Across a Wide
Variety of Traits
Background and Procedure

While a twin pregnancy carries, as described
above, a number of risks, the majority of
twins are born healthy. One important question is whether such twins differ from singletons in their development and health at later
age. To provide insight into the potential differences between multiples and singletons,
it is essential to choose the correct reference
group to which to compare the multiples.
By selecting a group of singletons from the
general population, this may introduce a
bias as this population would also include
individuals from one-child families, confounding the effects of being born after a
singleton pregnancy with those of having no
siblings. Even when choosing singletons from
families with more than one child, this does
not correct for potential differences across
twin and non-twin families, such as parental behaviors or parental genotypes. Hence,
differences observed at the population level
between twins and non-twins in so-called
between-family comparisons should be interpreted carefully. Differences may reflect true
effects, but they may also be confounded by
between-family differences in, e.g., family
structure, urban-rural residency, and multiple other factors, including the maternal
genotype, which is known to be associated
with DZ twinning [64].

One way of eliminating these problems
is by comparing twins to their own singleton siblings. This design optimally matches
controls (siblings) and cases (twins), as twins
and siblings come from the same family,
and largely share their genetic background
and family environment [20]. Within-family
designs are becoming common in molecular
genetics, where it is recognized that geneoutcome associations found among unrelated
individuals may reflect between-family variation in genetic and environmental factors.
A within-family comparison reduces confounding by these factors but does require
statistical approaches that take into account
the dependencies in the data such as pairedsample tests. Alternatively, differences due
to genetic and environmental factors can be
assessed in genetic structural equation models that simultaneously model the mean and
the covariance structure in the data [83]. This
approach is often taken in behavioral genetic
studies, when the aim of the study is to estimate genetic and non-genetic contribution to
the observed variance in a trait of interest.
These studies, however, do not always report
the outcomes of twin-sibling comparisons
and sometimes assume that twins are similar
to non-twin siblings.
In the following, we employed the withinfamily design in an adult sample from the
Netherlands Twin Register. The Netherlands
Twin Register (NTR) is one of the larger twin
registers and also includes family members
of twins, collecting data on twins as well as
siblings, parents, spouses, and offspring. The
NTR conducts longitudinal survey and experimental studies with the help of registered
twins and their family members. Information
on young twins is obtained from parents and
teacher reports, while adolescent and adult
twins and their registered family members
provide the data themselves [123]. Here, we
compare adult twin individuals to their singleton siblings for a wide range of variables
collected in survey and biobanking studies. To
this aim, we selected at random one twin and
a sibling from the same family, with the sibling
of the same sex as the twin. We also selected
only those siblings of twins who did not differ more than 6 years in age from the twin.
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For more detailed information on the methodology, please see the Appendix. The focus
of most previous NTR studies has been on
the quantification of genetic and non-genetic
influences for a wide domain of traits, and
while siblings were often included in the study
design, relatively few studies reported the outcomes of twin-sibling comparisons. We identified the NTR studies that explicitly tested
and reported the outcomes of twin-sibling
comparisons and added these results to our
discussion of twin-sibling differences in traits
from various domains.

4.3.2

The Outcomes of Twin-Sibling
Comparisons Across Multiple
Domains in the NTR

. Tables 4.1 and . 4.2 summarize the findings for the twin-sibling comparisons for survey and biobank data, respectively.
z

Body Composition and Physical
Development

Our findings for body composition as presented in . Tables 4.1 and . 4.2 show that
adult twins differed significantly from their
singleton siblings in height and body mass
index, with twins being somewhat smaller and
lighter than their non-twin brothers and sisters. This was seen when data were obtained
in the survey and a trend was also present for
the data collected during the home visit, when
weight was measured. In line with the trend
for lower body mass index, twins also tended
to have a smaller waist circumference at the
time of the home visit.
Our results are in line with another large study
in childhood and adolescence in the NTR,
where twins were shown to be shorter and
have a lower BMI than their siblings [28]. In a
subset of this sample, they found the expected
the twin-sibling difference in birth length and
birth weight, with the effect still present at
the age of 1 year but found no evidence for
twin-sibling difference for height, weight, and
BMI at age 4. For this sample, no significant
twin-sibling differences in body composition

were seen at the young adult age, though there
was a trend for twins to have a somewhat
lower weight and shorter leg length. Additional components of physical development
have also been examined. While differences in
growth hormone levels were seen, with average lower levels of DHEAS and IGF-I levels
in twins compared to their siblings [26], male
twins did not differ from their siblings in testis
size [29] and female twins did not differ for
age at menarche [8].
These results and those of previous studies
indicate that twins, who are more often born
after a shorter gestation period and weigh less
at birth than their singleton siblings, remain
somewhat shorter and lighter well into adulthood, but in other aspects develop in the same
way as their siblings.
z

Personality and Psychopathology

. Table 4.1 presents the data for our matched
twin-sibling comparison for five personality
traits. Few differences are apparent, with only
a trend for a personality trait called “openness
to experience,” where twin seems to score somewhat lower than the siblings. For sensationseeking traits, twins and siblings are similar,
and twins also did not differ from siblings in
their perception of support, life satisfaction,
or loneliness. Several NTR studies previously
tested and reported on adult twin-sibling differences in personality, in large samples that
did not employ within-family designs, and
reported no twin-singleton differences for the
traits studied, which included sensation seeking [95], neuroticism [106] life satisfaction [96]
or trait anger (Distel et al. [21].
With respect to psychopathology, . Table 4.1
shows twins did not differ from their siblings in
ADHD symptoms in adults. They also did not
differ in borderline personality total scores,
confirming previous findings in an overlapping sample [21], nor for anxious depression.
Depression, anxiety, and a combined anxious
depression score were the subject of several
previous studies in large samples of adult
twins and singleton siblings, but no matter
the definition, the two groups did not differ
[66, 68, 93]. Adult twins and singleton siblings
were also similar in the prevalence of burnout
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. Table 4.1 Outcomes of within-family twin-sibling comparisons for body size, personality, mental
health, demographics, and lifestyle data collected in adult participants (survey 8) from the Netherlands Twin
Register. Twins and siblings from the same family were selected to be of the same sex and of similar ages
(not more than 6 years apart in age)
Pairs

Twin

Sibling

Twin-sibling comparison
results

N

Mean

SD

Mean

SD

T-test value

P-value

Age (years)

685

30.41

12.86

32.14

12.20

−15.347

0.000

Height (cm)

655

173.73

8.93

174.40

8.50

−2.480

0.013

Body mass index (BMI, kg/m2)

634

22.73

3.12

23.89

3.82

−7.365

0.000

NEO neuroticism

613

29.38

7.60

29.90

7.29

−1.400

0.162

NEO extraversion

613

42.97

5.94

42.50

6.00

1.510

0.132

NEO openness to experience

613

36.59

5.78

37.37

5.82

−2.734

0.006

NEO agreeableness

613

45.54

4.97

45.01

4.84

2.206

0.028

NEO conscientiousness

613

44.76

5.78

45.04

5.54

−0.948

0.344

SSS total sensation seeking

411

11.22

2.41

11.13

2.45

0.711

0.478

SSS thrill adventure seeking

605

9.16

3.65

8.83

3.69

1.942

0.053

SSS experience seeking

418

16.00

4.46

16.33

4.58

−1.205

0.229

SSS boredom susceptibility

593

18.22

4.79

18.30

4.82

−0.303

0.762

SSS disinhibition

593

13.45

3.70

13.18

3.52

1.566

0.118

UNC-FSSQ confidant support

561

23.28

2.81

22.98

3.06

1.782

0.075

UNC-FSSQ affective support

559

13.81

1.97

13.72

1.99

0.745

0.457

SWLS general satisfaction with
life

649

27.67

4.91

27.34

5.17

1.299

0.194

TILS loneliness

633

3.90

1.20

3.96

1.26

−0.920

0.358

CAARS ADHD index

599

8.11

4.12

8.44

3.93

−1.554

0.121

PAI-BOR total borderline
personality

603

15.16

8.37

15.92

8.22

−1.775

0.076

PAI-BOR affect instability

603

4.40

3.00

4.59

3.00

−1.225

0.221

PAI-BOR identity problems

603

3.82

2.72

4.05

2.90

−1.562

0.119

PAI-BOR negative relationships

602

4.14

2.85

4.62

2.75

−3.244

0.001

PAI-BOR self-harm

602

2.81

2.40

2.65

2.31

1.242

0.215

ASR anxious-depressed scale

526

4.93

5.15

5.29

5.46

−1.183

0.237

Continuous traits

(continued)
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. Table 4.1

(continued)
Twin

4

Sibling

Test statistics

Dichotomous traits

N

N yes

%
yes

N yes

%
yes

Chi-square

p-value

Being in good subjective health

657

590

89.8

575

87.5

1.675

0.196

Ever been in contact with mental
health services

532

128

24.1

160

30.1

5.339

0.021

Regular sport participation

634

415

65.5

399

62.9

0.945

0.331

Regular alcohol use (2 or more
times per week)

618

233

37.7

248

40.1

0.912

0.340

Current smoker

613

217

35.4

203

33.1

0.929

0.335

Ever tried hash

591

167

28.3

178

30.1

0.578

0.447

Being in a steady relationship,
when 30 years or older

312

275

88.1

280

89.7

0.271

0.603

Living together with partner, when
30 years or older

312

258

82.7

268

85.9

1.095

0.295

Abbreviations: NEO NEO Five-Factor Inventory, SSS Sensation Seeking Scale, UNC-FSSQ Duke-UNC
Functional Social Support Questionnaire, SWLS Satisfaction With Life Scale, TILS Three-Item Loneliness
Scale, CAARS Conners’ Adult ADHD Rating Scales, PAI-BOR Personality Assessment Inventory-Borderline Features scale, ASR Adult Self-Report

[68, 69]. Earlier NTR studies did not show evidence for differences between twins and siblings
for obsessive-compulsive symptoms in adults
[36] nor, in sample of young adults, for autistic traits [43]. A comparison of younger twins
and siblings with respect to psychopathology
showed no differences in ADHD symptoms
between adolescent twins and singleton siblings [84]. . Table 4.1 also shows twins and
singleton siblings were similar in their reports
of being in good health and in ever having been
in contact with mental health services.
Considering the overall picture of these
findings, twins do not seem to differ from their
siblings in personality and psychopathology.
Any differences found were very small.
z

Behavioral and Sociodemographic Traits

. Table 4.1 also presents the results of the
twin-sibling comparison for various health
behaviors, which show twins to be similar to
their singleton siblings in their reports of regularly sport participation, regular alcohol drink-

ing, current smoking behavior, and ever having
tried hash. This is in line with NTR studies,
in which the prevalence of problem drinking
[71] and cannabis use initiation [22] was similar in twins and their siblings. Likewise, previous NTR studies which examined aspects of
childhood behavior have not found differences
between twins and siblings for bullying and victimization in 9-year-old twins and siblings [101]
and for truancy during secondary education [1].
With respect to sociodemographic traits,
. Table 4.1 indicates there are no differences between twins and siblings for being in
a relationship, and for living together with a
partner. As age may play a role, we limited
our comparison for relationship status to
those aged 30 or older. A previous study by
[67] showed that at the age of 27 years MZ
female twins were less often in a relationship
than siblings. NTR studies on other sociodemographic traits did not find any twin-sibling
differences for employment status [68] and
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. Table 4.2 Within-family twin-sibling comparison for biomarkers as assessed in the Netherlands Twin
register. Twins and siblings from the same family were selected to be of the same sex and of similar ages
(not more than 6 years apart in age)
Pairs

Twin

N

Mean

SD

Difference
in age

Difference
in BMI

Twin-sibling
comparison results
using standardized
scoresa
P-value
T-test
value

Sibling

SD

Mean

Correlation of trait
difference with

Age (years)

382

36.30

12.28

37.37

11.98

1.00

0.084

−6.586

0.000

Height (cm)

378

174.37

9.02

175.58

9.13

−0.041

−0.089

−3.855

0.000

Body mass index
(BMI)

374

24.37

4.05

25.29

4.37

0.084

1.00

−3.399

0.001

Waist circumference (cm)

373

83.30

11.26

85.72

12.23

0.062

0.809***

−3.153

0.002

Fasting total
cholesterol
(mmol/l)

323

4.85

1.02

4.94

0.94

0.103

0.074

−0.911

0.363

Fasting HDL
(mmol/l)

323

1.40

0.35

1.41

0.37

0.053

−0.258***

−2.118

0.035

Fasting LDL
(mmol/l)

323

2.93

0.92

2.95

0.84

0.089

0.096

−0.223

0.824

Triglycerides
(mmol/l)

323

1.16

0.57

1.27

0.63

0.033

0.277***

−1.450

0.148

Fasting glucose
(mmol/l)

321

5.30

0.73

5.41

0.88

−0.000

0.266***

−1.140

0.255

Fasting insulin
(μIU/ml

315

8.41

4.83

9.82

7.94

0.055

0.392***

−1.539

0.125

Hba1c (%)

318

5.26

0.51

5.33

0.64

0.116

0.051

−1.388

0.166

White blood cell
count (1012/L)

346

6.33

1.72

6.58

1.94

0.020

0.165**

−1.690

0.092

Red blood cell
count (1012/L)

347

4.68

0.48

4.66

0.46

0.022

0.164**

1.470

0.143

C-reactive protein
(mg/L)

353

2.69

4.18

3.47

5.00

0.030

0.299***

−1.726

0.085

Interleukin 6 (pg/
mL)

347

1.42

1.27

1.97

5.24

0.093

0.043

−1.758

0.080

AST (U/L)

293

20.83

6.92

20.68

7.22

0.075

0.113

0.701

0.484

ALT (U/L)

275

10.93

7.39

11.02

9.19

0.085

0.072

0.314

0.754

GGT (U/L)

293

28.03

24.47

29.87

24.00

0.081

0.184***

−0.399

0.690

Creatinine (U/L)

293

85.52

13.95

85.28

14.26

−0.058

0.046

0.420

0.674

Telomere length

289

2.78

0.69

2.66

0.49

−0.209***

−0.045

3.491

0.001

Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyltransferase
*<0.05, **<0.01, ***<0.001
aAge and sex standardized scores were used in the paired sample t-tests for height, BMI, and waist circumference. For all other variables, age, sex, and BMI standardized scores were used
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the prevalence of being in a creative profession [100]. However, compared to their singleton siblings, twins more often lived in highly
urbanized areas in two younger age cohorts,
though no difference was seen for the oldest age cohort [107]. It is possible that in the
younger cohorts the age difference between
twins and siblings was of importance, as the
on average older sibling may already have had
the financial means or the motive of an own
increasing family to move to less populated
areas.
Overall, twin status does not affect choices
related to health behavior and most other
behaviors, though particular aspects of social
behavior such as being in a relationship and
residential choices deserve more attention to
provide definite answers.
z

Biomarkers and Disease

The results for our twin-sibling comparisons
for biomarkers can be seen in . Table 4.2.
For total cholesterol, HDL cholesterol, LDL
cholesterol, and triglyceride levels, there were
no significant differences between twins and
siblings. With respect to glucose metabolism, looking at the data the pattern seems
to suggest a trend for siblings to have higher
values, in particular for insulin. However, differences in BMI between twins and siblings
are strongly related to differences in glucose
metabolism parameters and when comparing
scores after the effects of BMI are taken into
account, twins and siblings were similar in glucose metabolism. We further compared twins
and siblings on C-reactive protein (CRP),
white and red blood cell count, and IL6 level
and found no significant differences for any of
these variables. This is in line with a previous
small-scale study including 222 twins and 85
siblings in which no differences between twins
and siblings were observed for the cytokine
response to ex vivo amyloid-beta stimulation
[86]. . Table 4.2 also summarizes the twinsibling data for liver enzymes and creatinine,
which were similar for the two groups. This
extends the findings by van Beek et al. [5],
who in a larger sample that included this subset, also reported no differences in the liver
enzymes aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) but did

not comment on gamma-glutamyl transferase
(GGT).
While the majority of our comparisons did
not reveal any twin-sibling differences, there
was a trend for twin and siblings to differ in
telomere length, with shorter telomere length
in the siblings compared to the twins, even
when correcting for age effects using standardized scores. Further studies would be
needed to determine whether this represents a
meaningful twin-sibling difference.
A series of previous NTR studies focused
on cardiovascular functioning in adult twins
and their siblings. No differences were seen for
blood pressure, whether measured in a laboratory setting [46], ambulatory during everyday
life [53], or defined as hypertensive state [32].
For cardiac functioning, operationalized as
heart rate or heart rate variability, again no
significant differences between twins and their
siblings were found [52, 54]. Twin-sibling differences were also not present for respiration
rate [52] or cortisol [51].
With respect to other physical diseases,
NTR studies in adult women showed twins
did not differ from their singleton siblings in
the occurrence of polycystic ovary syndrome
based on survey information [104], nor in the
presence of cervix smear abnormalities as
determined by cervical screening [103]. Twinsibling differences were also not reported for
asthma in a study including more than 11,000
adult male and female twins and siblings,
but surprisingly siblings reported somewhat
higher rates of allergy than twins (23.3% vs.
18.2%, [105]).
In summary, these studies show that, while
there may be a few exceptions pointing to a
disadvantage in singletons, twins and their
singleton siblings are generally very similar in
biomarkers and disease.
z

Cognitive Function

We did not apply a within-family test for
cognitive function in this study, but here we
summarize the results from previous NTR
studies. A number of studies in young twins
have shown differences in cognitive abilities.
In samples of twins and siblings with average age between 9 and 13, twins scored lower
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on full scale, verbal and performance IQ [94]
and on IQ, reading performance, and verbal working memory [59]. De Zeeuw et al.
[111] tested cognitive function in the largest
sample yet, including 1375 twins and 1375
siblings and again showed lower scores for
specific aspects of cognitive function (IQ,
reading performance, and verbal working
memory) at age 9 in twins compared to their
siblings. However, twins are often not the
first-born children in a family. After taking
birth order into account, the cognitive disadvantage of twins dissipated. Lower scores
for cognitive function were only seen when
comparing the twins to older siblings. When
comparing the scores of twins at age 9 with
the scores of their younger siblings at age 9,
twins no longer differed from their singleton
siblings. Twins did not differ from older or
younger siblings with respect to for visuospatial working memory, verbal, and spatial short-term memory. Interestingly, twins
scored higher on physical education than
their older and younger singleton siblings
[111]. Note that not all studies on cognition
in young twins showed lower scores in twins
compared to their singleton siblings. A recent
study including more than 11,000 twins and
262 of their siblings at age 7.5 showed that
reading ability in twins was comparable to
that in siblings and to national norms [7].
Two smaller NTR studies provided information on the twin-sibling comparison for adult
cognitive function: Van den Berg et al. [9]
found no twin-sibling differences for reading
vocabulary, and Posthuma et al. [85] showed
no difference in intelligence between twins
and siblings.
Overall, while lower scores for cognitive ability in twins have been reported, these effects
seem related to the position (birth order) in
the nuclear family. Those first born in the
family more often score higher on cognitive
tests than those later born, an effect which is
independent of whether they are born from
a singleton or multiple pregnancy. As not all
studies in children showed lower scores across
the cognitive domains and studies in adults
did not show any twin-singleton differences,
a twin-singleton difference for cognitive func-

tion seems modest and likely limited to specific domains.

4.4

Concluding Remarks

A twin or multiple pregnancy carries an
increased risk of prenatal mortality and congenital abnormalities. However, the majority
of children born from a multiple pregnancy
are healthy at birth and develop into healthy
individuals. Still, multiples could differ from
singletons in other ways, due to their lower
gestational age and birthweight or due to
growing up with a sibling of the same age and
often same sex and looks, i.e., the close companionship hypothesis. Our studies indicate
that twins do not differ from their singleton
siblings across a wide range of behavioral and
lifestyle parameters, biomarkers, or diseases.
The one aspect on which twins differed
from non-twins was body composition. Twins
remained smaller and lighter compared to
their singleton siblings, even as adults, attaining about 1 point lower BMI lower than singletons. As very few physiological differences
were seen, the difference in body composition seems to be a lasting and likely beneficial
aspect of being a twin.
Very little evidence was found for the close
companionship hypothesis: twins did not differ from their singleton siblings across a wide
range of behavioral and psychological traits.
Twins did do better than singletons in physical education classes at school, which could
indicate the effect of always having a playmate
during childhood. In adults, no differences in
regular sport participation are seen, suggesting that the effect, if confirmed, may only be
present at younger ages. We did not test for
effects of zygosity and we cannot exclude the
possibility that specific twin effects may still
occur for specific groups, especially monozygotic twins, as implied by the finding of [70]
that MZ female twins were less often in a relationship than others. However, as our study
included a large number of monozygotic
twins the effects are likely to be small and limited to specific situations and groups.
We did not investigate effects of fertility
treatment. Many of the studies presented here
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were conducted in twins who were born before
ART and IVF became frequently used in the
Netherlands, but it may have occurred in the
younger twins participating in the studies. Still,
many of these twins will not have had a sibling,
as fertility problems occurred in these families,
and the number of IVF twin-sibling pairs will
thus be very limited. A previous study by the
NTR matching IVF with DZ naturally conceived twins showed no differences in growth,
attainment of motor milestones, or in behavioral development, leading to the conclusion
that for nearly all aspects, development in these
groups of children is similar [6].
While twins and siblings born in the same
family do not differ, it is still possible that individuals born in twin families differ from singletons born within non-twin families due to
the genetic background of their parents. This
may be especially so in DZ twin families, as we
know that mothers of DZ twins are somewhat
taller and heavier than mothers of monozygotic twins [44], and genes found to be related
to twinning are also related to increased body
mass [64]. In a study of 5-year-old Dutch twin
children, female twins were as tall as singleton children, while male twins were still somewhat shorter than children from the general
population and twins overall had a lower BMI
than the general population [27]. In a separate
study, Estougie et al. [28] reported no differences in height between young adult twins
and their siblings and their height was comparable to the general population. For BMI, no
differences were observed between 18-yearold twins and 18-year-olds from the general
population, whereas the siblings of twins
had increased BMI values. A Finnish study
among 17-year-old twins reported that twins
were as tall as singletons, but that boy twins
were still leaner, though an American twin
study showed no twin effects on weight and
height at age 8 [78]. It is possible that, when it
comes to body weight and body height, twins
on average reach their full potential at a later
age than singletons. Alternatively, twins may
never reach their full potential for height and
weight. As a large number of the genetic variants involved in body composition are now
known, this hypothesis could be tested in
the near future. Other factors may also dif-

fer within families for twins and non-twins.
Maternal age at birth and parity are higher on
average for DZ twins, and twins differ from
singletons in gestational age. Also, the rearing environment is different for two children
than for a single child, though this is not specifically limited to multiples but is the case for
any family including multiple children.
Another aspect that may deserve additional attention is the position of multiples in
the family. For a number of cognitive traits,
the differences between twins and siblings
could be explained by position within the
family. This has not been systematically studied for other traits, which may reveal similar
position-in-family effects. In addition to the
position in the family, whether twins were
born first or second, also requires more attention. In this study, there was an equal distribution of twins born first and second by design.
As birth complications more often occur for
the second born twin, this may be another factor leading to small differences between twins
and singletons.
Our results regarding a large number of
traits and common disorders are fairly optimistic, indicating that twins do not differ
from singletons. By comparing the twins to
their non-twin siblings, we avoid confounding
by between-family factors. We note, however,
that our work did not look at rare disorders
and that despite the large number of participants in the Netherlands Twin Register
some forms of bias may be present. Parents
of twins who presented with serious complications at birth may decide against participation. Adolescent and adult twins with health
problems, whether mental or physical, may be
less inclined to enroll in the longitudinal study
or may drop out during the study. In addition,
the decision to enroll and continue participation is also influenced by other factors such as
educational attainment. Still, twins are born
in all strata of society and tend to be motivated to take part in medical and scientific
studies and, though we have seen that NTR
participation is related to educational attainment, participants with lower educational levels are also present in the sample.
In conclusion, with the exception of congenital disorders and body composition, twins
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do not seem to differ from singletons, when
taking family factors into account. While
being a twin can be seen as special, for most
traits twins are just like ordinary siblings.

4.5

Quotes by Twins

In the ninth NTR survey to adult participants [123], twins were asked whether they
liked being a twins. The following quotes are a
selection from answers provided by more than
5000 multiples. Their comments are in line
with the findings in our chapter.
They highlight that a multiple pregnancy
carries risk:
5 “I did not grow up as twins. Twin sister
died at birth.”
Many of the multiples view their multiple status as something special, though not everyone
responds positively.
5 “I like it as long as people see us as separate individuals. It is in any case not ordinary and I do like that.”
5 “Sad for all those singletons…honestly.”
5 “Quite nice. I have different (closer) contact with my twin brother than with my
other brothers.”
5 “Quite nice; as twin you are never alone.”
5 “Being a twin has two sides. A very nice
side because we got along very well as sisters and because being a twin is also somewhat special. The disadvantage of being a
twin is that I have the feeling I am constantly compared to my twin sister and
that I do this also.”
5 “Still somewhat special. We do have
another connection with each other than
with my other brothers (4).”
5 “Super great! I feel that there is someone
who always has my back and who understand me. I think this is because we are
also friends.”
5 “In general it is nice, because we understand each other very well and are strongly
connected. But sometimes it is also a bit
suffocating since you were and are always

compared to each other and we also compare ourselves and never want to do under
for the other.”
5 “Nice. You have a special connection with
each other which you do not have with
brother or sister. A bit difficult to learn to
make friends and keep them, because I
always had my sister and never had to do
this.”
However, comments also indicate that the
multiples do not see much difference with
ordinary brothers and sisters, especially not
as adults.
5 “We are a dizygotic twin pair, so I do not
see it as very special. I do not connect
more with him than with my other brothers.”
5 “We have a very different life. I view him
just like my other brother.”
5 “It’s OK. Not very special. The connection with my younger sister is no less, my
younger sister and my twin sister are just
as important for me. The one is not more
important than the other. Sometimes it is
nice to be a twin, sometimes less nice. It
has (in the past) advantages and
disadvantages.”
5 “Quite nice, not very special.”
5 “Quite nice but not as special as people
often expect.”
5 “It is nice that you can race to see who finishes his study first, but noting more.”
5 “It is somewhat more special than other
brothers/sisters, but for the rest not much
difference.”
5 “In the past special to do everything
together, now I do not notice much. It is
just like an ordinary brother.”
5 “In the past very nice, now it just seems as
if we are normal sisters.”
5 “OK. In the past I did a lot together with
my twin brothers Now it is just like with
my other brother or sister.”
5 “Normal. No differences with people who
are not a twin.”
5 “Not different than having my other 2
brothers.”
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Review Questions

Open Questions:
? 1. Question: How would two major hypotheses explain differences between twins
and singletons?

4

v Answer: A somatic and a social hypothesis. First, twins are born earlier and have
smaller body size at birth. This may be
associated with a range of later outcomes.
Second, growing up with a close companion since birth and mechanisms of social
interaction may lead to differences in
behavioral outcomes between twins and
non-twins.
? 2. Question: What type of design optimizes
testing for differences between twins and
non-twins?
v Answer: A so-called within-family design
in which outcomes in twins are compared
to outcomes in their non-twin siblings.
? 3. Question: What is the empirical evidence for twin non-twin differences (as
a function of developmental stage)?
v Answer: Multiples have an increased risk of
congenital problems but with exception of
being lighter and having a lower body mass
index; there are few differences between
adult twins and singletons.

4.6.1

Multiple-Choice Questions

? 1. For which class of diseases/disorders
do we observe prominent differences
between twins and non-twins?
(a) Psychiatric diseases
(b) Congenital anomalies
(c) Cardiovascular disease
(d) Neoplasia
v Answer: (b)

? 2. What is the average pregnancy duration
for twins?
(a) 32 weeks
(b) 35 weeks
(c) 37 weeks
(d) 40 weeks
v Answer: (c)
? 3. Which of the following is true about
multiple pregnancy in comparison to
singleton pregnancy?
(a) Shorter gestational age
(b) More intrauterine growth restriction and lower weight at birth
(c) Higher risk of complications during pregnancy and malpresentation
at birth
(d) All the above
v Answer: (d)
? 4. Which disorders are more prevalent in
MZ twins in comparison to singletons
and DZ twins?
(a) Down syndrome
(b) Beckwith-Wiedemann syndrome
(c) Cri du chat syndrome
(d) Huntington’s disease
v Answer: (b)
? 5. In adulthood, what is the domain in
which some twin-singleton differences
are found?
(a) Body composition and physical development
(b) Personality and psychopathology
(c) Cognitive function
(d) Behavioral and sociodemographic
traits
(e) Physiological parameters and physical disease
v Answer: (a)
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4.7

4.7.1

Appendix: Within-Family Twin – than male pairs and more older than younger
singleton siblings.
Non-Twin Comparisons Across
a Wide Range of Traits Assessed
in the Netherlands Twin
4.7.2 NTR Survey 8
Register
Participants and Selection
Procedure

To compare twins to their siblings, we made
use of the data from two separate projects:
(1) the eighth NTR survey on health, lifestyle and personality, which was sent out to
adult participants between 2004 and 2009
[120, 123]; (2) a large-scale blood collection
project carried out between 2004 and 2009 in
which participants were visited at home to
obtain blood samples and health information [125].
For each of the two datasets, we followed the same procedure. We first selected
all twins and their singleton siblings with
known age, sex, birth year, and, in the case
of twins, zygosity. Known half-siblings and
non-biological siblings were excluded. Next,
we randomly selected one of the twins in case
a twin pair both participated and assessed
whether there was a same-sex singleton sibling in the family who was born within 6 years
from the twin. This sibling was then selected,
if at the time of participating he or she was
within 6 years of the age of the twin. In the
case multiple singleton siblings of a twin met
the criteria, we selected the same-sex sibling
closest in birth year. We made two exceptions
to this procedure. In the case of an oppositesex twin pair, when a male twin-sibling pair
could be formed in the dataset, we selected
the male pair. This was done to maximize the
presence of male pairs in the analyses as fewer
males participated than females. When both
older and younger siblings within the 6-year
time frame were present, preference was given
to the sibling younger than the twin, as twins
more often have older siblings than younger
siblings. Even applying these criteria, our
sample selections included more female pairs

As part of a longitudinal survey study, this survey was sent out to adult twins registered with
the NTR. It was completed by 10,176 multiples
and 2,142 siblings and collected information
on a wide range of traits [120]. After applying the selection criteria, the sample for the
present analyses consisted of 685 twin-sibling
pairs, 177 (26%) being male. Average age (sd)
of the twins at the time of survey completion
was 30.4 (12.9) and of the siblings 32.1 (12.2)
years. In 142 (21%) of the pairs, the twin was
older than the sibling. We compared the twins
and their singleton siblings on the following
continuous traits: self-reported height and
body mass index (BMI, calculated as weight(kg)/
height2(m)); the big five personality dimensions
(openness, conscientiousness, extraversion,
agreeableness, neuroticism) as measured with
the NEO Five-Factor Inventory [117, 121];
borderline personality components measured
with the Personality Assessment InventoryBorderline Features scale (PAI-BOR; [124]);
sensation seeking score and its subscales thrill
and adventure seeking, boredom susceptibility, disinhibition and experience seeking as
measured with the Sensation Seeking Scale
[119, 126]; attention deficit hyperactivity disorder (ADHD) as measured with the Conners’
Adult ADHD Rating Scales (CAARS; [116]);
the anxious depression scale of the Adult SelfReport which combines elements of depression and anxiety [114]; dimensions of social
support (confidant and affective) as measured with the Duke-UNC Functional Social
Support Questionnaire; and life satisfaction as
measured with the Satisfaction With Life Scale
[118]; loneliness as measured with the ThreeItem Loneliness Scale [122]. In addition, we
compared twins and siblings on categorical
traits with outcomes operationalized as yes
versus no, including the following traits: being
in good health (reports of good or excellent
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health were coded as yes), ever been in contact
with mental health services, being a current
smoker, drinking alcohol regularly (reports
of drinking alcohol 2 or more times per week
were classified as yes), ever tried hash, being
in a relationship (data only included for those
age 30 years and older), and living together
with a partner (data only included for those
aged 30 years and older).

4.7.3

NTR Biobank

Between 2004 and 2010, 9530 individuals
provided a blood sample and health-related
information as part of a large-scale biobank
project [125]. When conducting the selection
procedure as described above, this resulted
in 382 twin-sibling pairs, of which 144 (38%)
were male-male pairs. The average age of the
twins was 36.3 (12.3) and of the siblings 37.4
(12.0). In 265 pairs, the singleton sibling was
older than the twin. We compared twins and
their singleton siblings on the following variables: lipid profile (total cholesterol, HDL,
LDL, and triglyceride levels), glucose metabolism (glucose, insulin, and HbA1c levels),
white and red blood cell counts, C-reactive
protein as indicator of general inflammation,
liver enzymes alanine transaminase (ALT),
aspartate transaminase (AST), and gammaglutamyltransferase (GGT), creatinine as
measure of kidney function and telomere
length. For lipid profile and glucose metabolism, data were only included if the participant had kept to the instruction to be fasting
at the time of blood collection (see [125]).

4.7.4

Analyses

All analyses were conducted in IBM SPSS
Statistics version 25. To compare the twins
with their singleton sibling, we conducted a
paired-sample t-test for continuous traits and
a McNemar chi-squared test for categorical
traits. As age and BMI may be important factors in the physiological parameters, we here
correlated the differences in age and BMI for
the twins and siblings with their differences in
physiological parameters and present the test

outcomes for age, sex, and BMI standardized
residuals. Considering the large number of
comparisons conducted, we consider a trend
when p-values are between 0.010 and 0.001
and p-values <0.001 as significant.

References
1. van der Aa N, Rebollo-Mesa I, Willemsen G,
Boomsma DI, Bartels M. Frequency of truancy
at high school: evidence for genetic and twin specific shared environmental influences. J Adolesc
Health. 2009;45(6):579–86.
2. Agirbasli M, Hamid R, Jennings HS 3rd, Tiller
GE. Situs inversus with hypertrophic cardiomyopathy in identical twins. Am J Med Genet.
2000;91(5):327–30.
3. Alexander GR, Slay Wingate M, Salihu H, Kirby
RS. Fetal and neonatal mortality risks of multiple
births. Obstet Gynecol Clin N Am. 2005;32(1):1–
16. vii
4. Barker DJ, Barker DJ. In utero programming of
chronic disease. Clin Sci. 1998;2:115–28.
5. van Beek JH, de Moor MH, de Geus EJ, Lubke
GH, Vink JM, Willemsen G, Boomsma DI. The
genetic architecture of liver enzyme levels: GGT,
ALT and AST. Behav Genet. 2013;43(4):329–39.
6. van Beijsterveldt CE, Bartels M, Boomsma DI.
Comparison of naturally conceived and IVF-DZ
twins in the Netherlands twin registry: a developmental study. J Pregnancy. 2011;2011:517614.
7. van Bergen E, Snowling MJ, de Zeeuw EL, van
Beijsterveldt CEM, Dolan CV, Boomsma DI. Why
do children read more? The influence of reading
ability on voluntary reading practices. J Child
Psychol Psychiatry. 2018;59(11):1205–14.
8. van den Berg SM, Boomsma DI. The familial clustering of age at menarche in extended twin families. Behav Genet. 2007;37(5):661–7.
9. van den Berg SM, Posthuma D, Boomsma DI. A
longitudinal genetic study of vocabulary knowledge in adults. Twin Res. 2004;7(3):284–91.
10. Bergh T, Ericson A, Hillensjö T, Nygren
KG, Wennerholm UB. Deliveries and children born after in-vitro fertilisation in Sweden
1982-95: a retrospective cohort study. Lancet.
1999;354(9190):1579–85.
11. Bliek J, Alders M, Maas SM, Oostra RJ, Mackay
DM, van der Lip K, Callaway JL, Brooks A, van’t
Padje S, Westerveld A, Leschot NJ, Mannens
MM. Lessons from BWS twins: complex maternal and paternal hypomethylation and a common
source of haematopoietic stem cells. Eur J Hum
Genet. 2009;17(12):1625–34.
12. Bondavalli W, Bondavalli G, La Bella G, Nizzoli
A. Un caso di destrocardia con Situs Viscerum
Inversus Totalis concordante in coppie di gemelle
DZ. Acta Genet Med Gemellol. 1959;8:201–14.

67
Twin-Singleton Comparisons Across Multiple Domains of Life

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Bonellie SR, Currie D, Chalmers J. Comparison of
risk factors for cerebral palsy in twins and singletons. Dev Med Child Neurol. 2005;47(9):587–91.
Boyle BB, Helen D, McConkey R. The epidemiology of congenital anomalies in multiple births:
a European registry based study. Pediatr Res.
2011;70(5):408.
Boyle B, McConkey R, Garne E, Loane M, Addor
MC, Bakker MK, Boyd PA, Gatt M, Greenlees
R, Haeusler M, Klungsøyr K, Latos-Bielenska A,
Lelong N, McDonnell R, Métneki J, Mullaney C,
Nelen V, O’Mahony M, Pierini A, Rankin J, Rissmann A, Tucker D, Wellesley D, Dolk H. Trends
in the prevalence, risk and pregnancy outcome of
multiple births with congenital anomaly: a registry-based study in 14 European countries 1984–
2007. BJOG. 2013;120(6):707–16.
Boyle B, Morris JK, McConkey R, Garne E,
Loane M, Addor MC, Gatt M, Haeusler M,
Latos-Bielenska A, Lelong N, McDonnell R, Mullaney C, O’Mahony M, Dolk H. Prevalence and
risk of Down syndrome in monozygotic and dizygotic multiple pregnancies in Europe: implications
for prenatal screening. BJOG. 2014;121(7):809–20.
Bryan E, Little J, Burn J. Congenital anomalies in twins. Baillieres Clin Obstet Gynaecol.
1987;1(3):697–721.
Carey G. Twin imitation for antisocial behavior:
implications for genetic and family environment
research. J Abnorm Psychol. 1992;101:18–25.
Cunningham FG. Fetal-growth disorders. In: Williams obstetrics. 22nd ed. New York: McGraw
Hill; 2001. p. 893–910. Available at: https://accessmedicine.mhmedical.com/content.aspx?bookid=1
918&sectionid=171807435 (Accessed: 28 November 2019).
Dick DM, Johnson JK, Viken RJ, Rose RJ. Testing
between-family associations in within-family comparisons. Psychol Sci. 2000;11(5):409–13.
Distel MA, Roeling MP, Tielbeek JJ, van Toor D,
Derom CA, Trull TJ, Boomsma DI. The covariation of trait anger and borderline personality: a
bivariate twin-siblings study. J Abnorm Psychol.
2012;121(2):458–66.
Distel MA, Vink JM, Bartels M, van Beijsterveldt
CE, Neale MC, Boomsma DI. Age moderates nongenetic influences on the initiation of cannabis
use: a twin-sibling study in Dutch adolescents and
young adults. Addiction. 2011;106(9):1658–66.
Doom EC, Delbaere I, Martens G, Temmerman M. Birth weight for gestational age among
Flemish twin population. Facts Views Vis Obgyn.
2012;4(1):42–9.
Doyle P. The outcome of multiple pregnancy. Hum
Reprod. 1996;11(Suppl 4):110–20.
Doyle PE, et al. Congenital malformations
in twins in England and Wales. J Epidemiol
Community Health. BMJ Publishing Group
Ltd. 1990;45(1):43–8. https://doi.org/10.1136/
jech.45.1.43.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Estourgie-van Burk GF, Bartels M, Boomsma
DI. A twin-sibling study on early growth and
hormone levels in adolescents. Behav Genet.
2015;45(3):283–93.
Estourgie-van Burk GF, Bartels M, van Beijsterveldt TC, Delemarre-van de Waal HA,
Boomsma DI. Body size in five-year-old twins:
heritability and comparison to singleton standards. Twin Res Hum Genet. 2006;9(5):646–55.
Estourgie-van Burk GF, Bartels M, Boomsma DI,
Delemarre-van de Waal HA. Body size of twins
compared with siblings and the general population: from birth to late adolescence. J Pediatr.
2010;156(4):586–91.
Estourgie-van Burk GF, Bartels M, Delemarre-van
de Waal HA, Boomsma DI. Heritability of testis
size. Twin Res Hum Genet. 2009;12(4):351–5.
Euro-Peristat P. European perinatal health report.
Core indicators of the health and care of pregnant women and babies in Europe in 2015. 2018.
Available at: www.europeristat.com. Accessed: 17
November 2019.
Gedda L, Sciacca A, Brenci G, Villatico S, Bonanni
G, Gueli N, Talone C. Situs viscerum specularis in
monozygotic twins. Acta Genet Med Gemellol.
1984;33(1):81–5.
de Geus EJ, Posthuma D, Ijzerman RG, Boomsma
DI. Comparing blood pressure of twins and their
singleton siblings: being a twin does not affect
adult blood pressure. Twin Res. 2001;4(5):385–91.
Gielen M, van Beijsterveldt CE, Derom C, Vlietinck R, Nijhuis JG, Zeegers MP, Boomsma
DI. Secular trends in gestational age and birthweight in twins. Hum Reprod. 2010;25(9):2346–53.
Glinianaia SV, Rankin J, Wright C. Congenital
anomalies in twins: a register-based study. Hum
Reprod. 2008;23(6):1306–11.
Groene SG, Tollenaar LSA, Oepkes D, Lopriore
E, van Klink JMM. The impact of selective fetal
growth restriction or birth weight discordance on
long-term neurodevelopment in Monochorionic
twins: a systematic literature review. J Clin Med.
2019;8(7):944.
van Grootheest DS, Cath DC, Beekman AT,
Boomsma DI. Genetic and environmental influences on obsessive-compulsive symptoms in
adults: a population-based twin-family study. Psychol Med. 2007;37(11):1635–44.
Grosen D, Bille C, Petersen I, Skytthe A, JV H,
Pedersen JK, Murray JC, Christensen K. Risk of
oral clefts in twins. Epidemiology. 2011;22(3):313–
9.
Hack KE, Derks JB, Elias SG, Franx A, Roos EJ,
Voerman SK, Bode CL, Koopman-Esseboom C,
Visser GH. Increased perinatal mortality and morbidity in monochorionic versus dichorionic twin
pregnancies: clinical implications of a large Dutch
cohort study. BJOG. 2008;115(1):58–67.
Hall JG. Twinning. Lancet. 2003;362(9385):735–
43.

4

68

40.

41.

42.

4

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

G. Willemsen et al.

Hansen M, Colvin L, Petterson B, Kurinczuk
JJ, de Klerk N, Bower C. Twins born following
assisted reproductive technology: perinatal outcome and admission to hospital. Hum Reprod.
2009;24(9):2321–31.
Hartley RS, Hitti J. Birth order and delivery interval: analysis of twin pair perinatal outcomes. J
Matern Fetal Neonatal Med. 2005;17(6):375–80.
Heino A, Gissler M, Hindori-Mohangoo AD,
Blondel B, Klungsøyr K, Verdenik I, Mierzejewska E, Velebil P, Sól Ólafsdóttir H, Macfarlane
A, Zeitlin J, Euro-Peristat Scientific Committee. Variations in multiple birth rates and impact
on perinatal outcomes in Europe. PLoS One.
2016;11(3):e0149252.
Hoekstra RA, Bartels M, Verweij CJ, Boomsma
DI. Heritability of autistic traits in the general population. Arch Pediatr Adolesc Med.
2007;161(4):372–7.
Hoekstra C, Willemsen G, van Beijsterveldt
CE, Lambalk CB, Montgomery GW, Boomsma
DI. Body composition, smoking, and spontaneous
dizygotic twinning. Fertil Steril. 2010;93(3):885–
93.
Hofmeyr GJ, Barrett JF, Crowther CA. Planned
caesarean section for women with a twin
pregnancy. Cochrane Database Syst Rev.
2011;7(12):CD006553.
Hottenga JJ, Boomsma DI, Kupper N, Posthuma
D, Snieder H, Willemsen G, de Geus EJ. Heritability and stability of resting blood pressure. Twin
Res Hum Genet. 2005;8(5):499–508.
Kahn B, Lumey LH, Zybert PA, Lorenz JM,
Cleary-Goldman J, D’Alton ME, Robinson
JN. Prospective risk of fetal death in singleton,
twin, and triplet gestations: implications for practice. Obstet Gynecol. 2003;102(4):685–92.
Kajantie E, Osmond C, Barker DJ, Forsén T, Phillips DI, Eriksson JG. Size at birth as a predictor
of mortality in adulthood: a follow-up of 350 000
person-years. Int J Epidemiol. 2005;34(3):655–63.
Källén B. Congenital malformations in twins:
a population study. Acta Genet Med Gemellol
(Roma). 1986;35(3–4):167–78.
Kean BH. Complete transposition of the viscera in
both of one-egg twins. J Hered. 1942;33(6):217–21.
Kupper N, de Geus EJ, van den Berg M, Kirschbaum C, Boomsma DI, Willemsen G. Familial influences on basal salivary cortisol in an
adult population. Psychoneuroendocrinology.
2005a;30(9):857–68.
Kupper N, Willemsen G, Posthuma D, de Boer D,
Boomsma DI, de Geus EJ. A genetic analysis of
ambulatory cardiorespiratory coupling. Psychophysiology. 2005b;42(2):202–12.
Kupper N, Willemsen G, Riese H, Posthuma D,
Boomsma DI, de Geus EJ. Heritability of daytime
ambulatory blood pressure in an extended twin
design. Hypertension. 2005c;45(1):80–5.
Kupper NH, Willemsen G, van den Berg M, de
Boer D, Posthuma D, Boomsma DI, de Geus

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

EJ. Heritability of ambulatory heart rate variability. Circulation. 2004;110(18):2792–6.
Kwon EJ, Kim YJ. What is fetal programming?:
a lifetime health is under the control of in utero
health. Obstet Gynecol Sci. 2017;60(6):506–19.
Lancaster P, Kucera J, Knudsen L, Botting B,
Robert-Gnansia E, Goujard J, Elek C, Mastroiacovo P, Cocchi G, Borman B, Irgens L, Castilla E,
Martinez-Frias M-L, et al. Conjoined twins–an
epidemiological study based on 312 cases. The
International Clearinghouse for Birth Defects
Monitoring Systems. Acta Genet Med Gemellol
(Roma). 1991;40(3–4):325–35.
Lambalk CB, De Koning CH, Braat DD. The
endocrinology of dizygotic twinning in the human.
Mol Cell Endocrinol. 1998;145(1–2):97–102.
Layton WM. Situs inversus in conjoined twins. Am
J Med Genet. 1989;34(2):297.
van Leeuwen M, van den Berg SM, Peper JS,
Hulshoff Pol HE, Boomsma DI. Genetic covariance structure of reading, intelligence and memory
in children. Behav Genet. 2009;39(3):245–54.
Li SJ, Ford N, Meister K, Bodurtha J. Increased
risk of birth defects among children from multiple births. Birth Defects Res A Clin Mol Teratol.
2003;67(10):879–85.
Lopriore E, Nagel HT, Vandenbussche FP, Walther FJ. Long-term neurodevelopmental outcome
in twin-to-twin transfusion syndrome. Am J Obstet
Gynecol. 2003;189(5):1314–9.
Mastroiacovo P, Castilla EE, Arpino C, Botting
B, Cocchi G, Goujard J, Marinacci C, Merlob P,
Métneki J, Mutchinick O, Ritvanen R, Rosano
A. Congenital malformations in twins: an international study. Am J Med Genet. 1999;83(2):117–24.
Melnick M, Myrianthopoulos NC. The effects of
chorion type on normal and abnormal developmental variation in monozygous twins. Am J Med
Genet. 1979;4(2):147–56.
Mbarek H, Steinberg S, Nyholt DR, Gordon SD,
Miller MB, McRae AF, Hottenga JJ, Day FR, Willemsen G, de Geus EJ, Davies GE, Martin HC,
Penninx BW, Jansen R, McAloney K, Vink JM,
Kaprio J, Plomin R, Spector TD, Magnusson PK,
Reversade B, Harris RA, Aagaard K, Kristjansson RP, Olafsson I, Eyjolfsson GI, Sigurdardottir
O, Iacono WG, Lambalk CB, Montgomery GW,
McGue M, Ong KK, Perry JRB, Martin NG,
Stefánsson H, Stefánsson K, Boomsma DI. Identification of common genetic variants influencing
spontaneous dizygotic twinning and female fertility. Am J Hum Genet. 2016;98(5):898–908.
Meyers C, Elias S, Arrabal P. Congenital anomalies and pregnancy loss. In: Keith LG, Papiernik E,
editors. Multiple pregnancy: epidemiology, gestation, and perinatal outcome. London: Parthenon
Publishing Group; 1995. p. 73–8.
Middeldorp CM, Birley AJ, Cath DC, Gillespie
NA, Willemsen G, Statham DJ, de Geus EJ,
Andrews JG, van Dyck R, Beem AL, Sullivan PF,
Martin NG, Boomsma DI. Familial clustering of

69
Twin-Singleton Comparisons Across Multiple Domains of Life

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

major depression and anxiety disorders in Australian and Dutch twins and siblings. Twin Res Hum
Genet. 2005a;8(6):609–15.
Middeldorp CM, Cath DC, Vink JM, Boomsma
DI. Twin and genetic effects on life events. Twin
Res Hum Genet. 2005b;8(3):224–31.
Middeldorp CM, Cath DC, Boomsma DI. A twinfamily study of the association between employment, burnout and anxious depression. J Affect
Disord. 2006;90(2–3):163–9.
Middeldorp CM, Stubbe JH, Cath DC, Boomsma
DI. Familial clustering in burnout: a twin-family
study. Psychol Med. 2005c;35(1):113–20.
Mook-Kanamori DO, van Beijsterveldt CE,
Steegers EA, Aulchenko YS, Raat H, Hofman A,
Eilers PH, Boomsma DI, Jaddoe VW. Heritability
estimates of body size in fetal life and early childhood. PLoS One. 2012;7(7):e39901.
de Moor MH, Vink JM, van Beek JH, Geels LM,
Bartels M, de Geus EJ, Willemsen G, Boomsma
DI. Heritability of problem drinking and the
genetic overlap with personality in a general population sample. Front Genet. 2011;2:76.
Muhlhausler BS, Hancock SN, Bloomfield FH,
Harding R. Are twins growth restricted? Pediatr
Res. 2011;70(2):117–22.
Myrianthopoulos NC. Congenital malformations in twins. Acta Genet Med Gemellol (Roma).
1976;25:331–5.
Oates NA, van Vliet J, Duffy DL, Kroes HY, Martin NG, Boomsma DI, Campbell M, Coulthard
MG, Whitelaw E, Chong S. Increased DNA methylation at the AXIN1 gene in a monozygotic twin
from a pair discordant for a caudal duplication
anomaly. Am J Hum Genet. 2006;79(1):155–62.
Odintsova VV, Dolan CV, van Beijsterveldt CEM,
de Zeeuw EL, van Dongen J, Boomsma DI. Preand perinatal characteristics associated with Apgar
scores in a review and in a new study of Dutch
twins. Twin Res Hum Genet. 2019;22(3):164–76.
Ooki S. Maternal age and birth defects after the
use of assisted reproductive technology in Japan,
2004–2010. Int J Womens Health. 2013;5:65–77.
Ortibus E, Lopriore E, Deprest J, Vandenbussche
FP, Walther FJ, Diemert A, Hecher K, Lagae L,
De Cock P, Lewi PJ, Lewi L. The pregnancy and
long-term neurodevelopmental outcome of monochorionic diamniotic twin gestations: a multicenter
prospective cohort study from the first trimester
onward. Am J Obstet Gynecol. 2009;200(5):494.
e1–8.
Pietiläinen KH, Kaprio J, Rissanen A, Winter T,
Rimpelä A, Viken RJ, Rose RJ. Distribution and
heritability of BMI in Finnish adolescents aged 16y
and 17y: a study of 4884 twins and 2509 singletons.
Int J Obes Relat Metab Disord. 1999;23(2):107–15.
Pharoah PO. Causal hypothesis for some congenital anomalies. Twin Res Hum Genet.
2005;8(6):543–50.
Pharoah PO. Risk of cerebral palsy in multiple
pregnancies. Clin Perinatol. 2006;33(2):301–13.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Pharoah PO, Dundar Y. Monozygotic twinning,
cerebral palsy and congenital anomalies. Hum
Reprod Update. 2009;15(6):639–48.
Pison P, Monden C, Smits J. Twinning rates in
developed countries: trends and explanations.
Popul Dev Rev. 2015;41(4):629–49.
Posthuma D, Beem AL, de Geus EJ, van Baal GC,
von Hjelmborg JB, Iachine I, Boomsma DI. Theory and practice in quantitative genetics. Twin Res.
2003;6(5):361–76.
Polderman TJ, van Dongen J, Boomsma DI. The
relation between ADHD symptoms and fine motor
control: a genetic study. Child Neuropsychol.
2011;17(2):138–50.
Posthuma D, De Geus EJ, Bleichrodt N, Boomsma
DI. Twin-singleton differences in intelligence?
Twin Res. 2000;3(2):83–7.
Posthuma D, Meulenbelt I, de Craen AJ, de Geus
EJ, Slagboom PE, Boomsma DI, Westendorp
RG. Human cytokine response to ex vivo amyloidbeta stimulation is mediated by genetic factors.
Twin Res Hum Genet. 2005;8(2):132–7.
Pradat P. Epidemiology of major congenital
heart defects in Sweden, 1981–1986. J Epidemiol
Community Health. BMJ Publishing Group.
1992;46(3):211–5.
Rossi AC, Mullin PM, Chmait RH. Neonatal outcomes of twins according to birth order, presentation and mode of delivery: a systematic review and
meta-analysis. BJOG. 2011;118(5):523–32.
Scher AI, Petterson B, Blair E, Ellenberg JH,
Grether JK, Haan E, Reddihough DS, YearginAllsopp M, Nelson KB. The risk of mortality or
cerebral palsy in twins: a collaborative populationbased study. Pediatr Res. 2002;52(5):671–81.
Segal NL. Situs Inversus Totalis in twins: a brief
review and a life history / twin research: twin
studies of trisomy 21; monozygotic twin concordance for bilateral coronoid hyperplasia; prenatal hormonal effects in mixed-sex non-human
primate litters; insurance mandates and twinning
after in vitro fertilization / news reports: first
report of identical twin puppies; twins sisters turn
100; remembering an identical twin production
designer; New York City Marathon quadruplets.
Twin Res Hum Genet. 2017;20(1):90–5.
Sheay W, Ananth CV, Kinzler WL. Perinatal mortality in first- and second-born twins in the United
States. Obstet Gynecol. 2004;103(1):63–70.
Singh SM, Murphy B, O’Reilly R. Epigenetic contributors to the discordance of monozygotic twins.
Clin Genet. 2002;62(2):97–103.
Smit DJ, Posthuma D, Boomsma DI, De Geus
EJ. The relation between frontal EEG asymmetry
and the risk for anxiety and depression. Biol Psychol. 2007;74(1):26–33.
van Soelen IL, Brouwer RM, van Leeuwen M,
Kahn RS, Hulshoff Pol HE, Boomsma DI. Heritability of verbal and performance intelligence in
a pediatric longitudinal sample. Twin Res Hum
Genet. 2011;14(2):119–28.

4

70

95.

96.

97.

4

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

G. Willemsen et al.

Stoel RD, De Geus EJ, Boomsma DI. Genetic
analysis of sensation seeking with an extended
twin design. Behav Genet. 2006;36(2):229–37.
Stubbe JH, Posthuma D, Boomsma DI, De
Geus EJ. Heritability of life satisfaction in
adults: a twin-family study. Psychol Med.
2005;35(11):1581–8.
Svenvik M, Brudin L, Blomberg M. Preterm
birth: a prominent risk factor for low Apgar
scores. Biomed Res Int. 2015;2015:978079.
Thorngren-Jerneck K, Herbst A. Low 5-minute Apgar score: a population-based register
study of 1 million term births. Obstet Gynecol.
2001;98(1):65–70.
Vasak B, Verhagen JJ, Koenen SV, Koster MP, de
Reu PA, Franx A, Nijhuis JG, Bonsel GJ, Visser
GH. Lower perinatal mortality in preterm born
twins than in singletons: a nationwide study
from The Netherlands. Am J Obstet Gynecol.
2017;216(2):161.e1–9.
Roeling MP, Willemsen G, Boomsma DI. Heritability of working in a creative profession. Behav
Genet. 2017;47:298–304.
Veldkamp SA, van Bergen E, de Zeeuw EL, van
Beijsterveldt CE, Boomsma DI, Bartels M. Bullying and victimization: the effect of close companionship. Twin Res Hum Genet. 2017;20(1):19–27.
Veldkamp SAM, Zondervan-Zwijnenburg MAJ,
van Bergen E, Barzeva SA, Tamayo-Martinez
N, Becht AI, van Beijsterveldt CEM, Meeus W,
Branje S, Hillegers MHJ, Oldehinkel AJ, Hoijtink
HJA, Boomsma DI, Hartman C. Parental age in
relation to offspring’s neurodevelopment. J Clin
Child Adolesc Psychol. 2020:1–13. https://doi.org
/10.1080/15374416.2020.1756298. (online ahead
of print)
Vink JM, van Kemenade FJ, Meijer CJ, Casparie MK, Meijer GA, Boomsma DI. Cervix smear
abnormalities: linking pathology data in female
twins, their mothers and sisters. Eur J Hum
Genet. 2011;19(1):108–11.
Vink JM, Sadrzadeh S, Lambalk CB, Boomsma
DI. Heritability of polycystic ovary syndrome
in a Dutch twin-family study. J Clin Endocrinol
Metab. 2006;91(6):2100–4.
Willemsen G, van Beijsterveldt TC, van Baal
CG, Postma D, Boomsma DI. Heritability of
self-reported asthma and allergy: a study in adult
Dutch twins, siblings and parents. Twin Res Hum
Genet. 2008;11(2):132–42.
Willemsen G, Boomsma DI. Religious upbringing and neuroticism in Dutch twin families. Twin
Res Hum Genet. 2007;10(2):327–33.
Willemsen G, Posthuma D, Boomsma DI. Environmental factors determine where the Dutch
live: results from the Netherlands twin register.
Twin Res Hum Genet. 2005;8(4):312–7.
Windham GC, Bjerkedal T. Malformations in
twins and their siblings, Norway, 1967–79. Acta
Genet Med Gemellol. 1984;33(1):87–95.

109.

110.

111.

112.

113.

Windham GC, Sever LE. Neural tube defects
among twin births. Am J Hum Genet.
1982;34(6):988–98.
Yu Y, Cozen W, Hwang AE, Cockburn MG,
Zadnick J, Hamilton AS, Mack T, Figueiredo
JC. Birth anomalies in monozygotic and dizygotic
twins: results from the California twin registry. J
Epidemiol. 2019;29(1):18–25.
de Zeeuw EL, van Beijsterveldt CE, de Geus EJ,
Boomsma DI. Twin specific risk factors in primary school achievements. Twin Res Hum Genet.
2012;15(1):107–15.
Zeitlin J, Mohangoo A, Cuttini M, EUROPERISTAT Report Writing Committee, Alexander
S, Barros H, Blondel B, Bouvier-Colle MH, Buitendijk S, Cans C, Correia S, Gissler M, Macfarlane A, Novak-Antolic Z, Zeitlin J, Zhang
WH, Zimbeck M. The European perinatal health
report: comparing the health and care of pregnant women and newborn babies in Europe.
J Epidemiol Community Health. 2009;63(9):
681–2.
Zondervan-Zwijnenburg MAJ, Veldkamp SAM,
Neumann A, Barzeva SA, Nelemans SA, van
Beijsterveldt CEM, Branje SJT, Hillegers MHJ,
Meeus WHJ, Tiemeier H, Hoijtink HJA, Oldehinkel AJ, Boomsma DI. Parental age and offspring childhood mental health: a multi-cohort,
population-based investigation. Child Dev.
2020;91(3):964–82.

Appendix: Within-Family Twin –
Non-Twin Comparisons Across a
Wide Range of Traits Assessed in
the Netherlands Twin Register
114.

115.

116.

117.

118.

Achenbach TM, Rescorla LA. Manual for the
ASEBA adult forms & profiles. Burlington:
Research Center for Children, Youth, & Families,
University of Vermont; 2003.
Broadhead WE, Gehlbach SH, de Gruy FV,
Kaplan BH. The Duke-UNC Functional Social
Support Questionnaire. Measurement of social
support in family medicine patients. Med Care.
1988;26(7):709–23.
Conners CK, Erhardt D, Sparrow EP. Conners’
Adult ADHD Rating Scales (CAARS). Technical Manual. Toronto: Multi-Health Systems Inc.;
1999.
Costa PT, MacCrae RR. Revised NEO Personality Inventory (NEO-PI-R) and NEO Five-Factor
Inventory (NEO-FFI): professional manual.
Odessa: Psychological Assessment Resources;
1992.
Diener E, Emmons RA, Larsen RJ, Griffin
S. The satisfaction with life scale. J Pers Assesss.
1985;49:71–5.

71
Twin-Singleton Comparisons Across Multiple Domains of Life

119.

120.

121.

122.

123.

124.

125.

Feij JA, van Zuilen RW. Handleiding bij de
spanningsbehoeftelijst (SBL). Lisse: Swets &
Zeitlinger; 1984.
Geels LM, Vink JM, van Beek JH, Bartels M,
Willemsen G, Boomsma DI. Increases in alcohol
consumption in women and elderly groups: evidence from an epidemiological study. BMC Public Health. 2013;13:207.
Hoekstra H, Ormel J, De Fruyt F. NEO persoonlijkheidsvragenlijsten NEO-PI-R en NEO-FFI,
Handleiding. Lisse: Swets & Zeitlinger; 1996.
Hughes ME, Waite LJ, Hawkley LC, Cacioppo
JT. A short scale for measuring loneliness in large
surveys results from two population-based studies. Res Aging. 2004;26:655–72.
Ligthart L, van Beijsterveldt CEM, Kevenaar
ST, de Zeeuw E, van Bergen E, Bruins S, Pool R,
Helmer Q, van Dongen J, Hottenga JJ, Van’t Ent
D, Dolan CV, Davies GE, Ehli EA, Bartels M,
Willemsen G, de Geus EJC, Boomsma DI. The
Netherlands twin register: longitudinal research
based on twin and twin-family designs. Twin Res
Hum Genet. 2019;31:1–14.
Morey LC. The personality assessment inventory: professional manual. Odessa: Psychological
Assessment Resources; 1991.
Willemsen G, de Geus EJ, Bartels M, van Beijsterveldt CE, Brooks AI, Estourgie-van Burk
GF, Fugman DA, Hoekstra C, Hottenga JJ,
Kluft K, Meijer P, Montgomery GW, Rizzu P,
Sondervan D, Smit AB, Spijker S, Suchiman HE,

126.

Tischfield JA, Lehner T, Slagboom PE, Boomsma
DI. The Netherlands Twin Register biobank: a
resource for genetic epidemiological studies. Twin
Res Hum Genet. 2010;13(3):231–45.
Zuckerman M. Dimensions of sensation seeking.
J Consult Clin Psychol. 1971;36:45–52.

Key Reading
Alexander GR, Slay Wingate M, Salihu H, Kirby
RS. Fetal and neonatal mortality risks of multiple
births. Obstet Gynecol Clin North Am.
2005;32(1):1–16. vii
Dick DM, Johnson JK, Viken RJ, Rose RJ. Testing
between-family associations in within-family comparisons. Psychol Sci. 2000;11(5):409–13.
Estourgie-van Burk GF, Bartels M, Boomsma
DI. Delemarre-van de Waal HA. Body size of twins
compared with siblings and the general population:
from birth to late adolescence. J Pediatr.
2010;156(4):586–91.
Kahn B, Lumey LH, Zybert PA, Lorenz JM, ClearyGoldman J, D’Alton ME, Robinson JN. Prospective
risk of fetal death in singleton, twin, and triplet gestations: implications for practice. Obstet Gynecol.
2003;102(4):685–92.
Middeldorp CM, Cath DC, Vink JM, Boomsma
DI. Twin and genetic effects on life events. Twin Res
Hum Genet. 2005;8(3):224–31.

4

