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ABSTRACT
Twins often show signs of physical and cognitive developmental delays compared with
singletons at school age, but tend to catch up by young adulthood. Many previous studies
focused on early childhood and beyond, and twins with health issues. In this thesis, I
investigated the infancy period of healthy twins in the Birmingham Registry for Twin and
Heritability Studies. More specifically, I explored twins’ developmental trajectories compared
with singleton standards; ante-, peri-, and postnatal factors related to developmental skills;
and the association of maternal occupation with twin pregnancy outcomes. Additionally, I
studied the heritability of body mass index (BMI) over a lifespan in a meta-analysis of twin
studies.
Twins had worse developmental skills and were small for their age compared with singleton
standards. Birth weight was not strongly associated with developmental skills as in previous
studies; however, larger antenatal head circumference was negatively associated with
postnatal development. Higher occupational psychological strain was related to shorter
gestations. Finally, heritability of BMI remained high over a lifespan.
Results were discussed in light of current clinical and health and safety guidelines.
Suggestions for further research and dissemination of findings to parents of multiples were
also discussed in the final chapter of this thesis.
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INTRODUCTION
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“All that is valuable in human society depends upon the opportunity for development
accorded the individual.” – Albert Einstein
Development, whether it is physical or intellectual, is a result of our individual potential and
the opportunities that we have been given. For example, our individual potential to obtain a
certain height is mostly determined by genes that have been passed down to us from our
parents1, 2, however, nutrition will also influence our physical growth3. Many traits, including
cognitive development, physical growth and disease are a result of the interplay between
genetic predisposition and environmental influences4 or opportunity5. Currently, the trend in
research is to find risk factors for negative physical and mental health outcomes at the earliest
possible stage. This has resulted in studies that have looked into intrauterine conditions and
perinatal outcomes, which will be discussed in §1.5. Results from previous studies are mostly
based on children with poor intrauterine growth6, 7, or other comparable groups at risk for
unfavourable physical and mental health outcomes8, 9. However, there is a group of children,
which is consistently excluded from these studies. This group consists of healthy twins and
higher multiples.
Twin and higher multiple pregnancies generally result in offspring with lower mean birth size
and are at higher risk for a variety of complications compared with singleton pregnancies10,
which will be discussed in later paragraphs in this chapter. Although their prematurity and
small birth size may be appropriate for multiple births, twins may still be at risk for the same
complications as singletons with comparable gestational age and birth size.

Very little is known about the causes of ante- and perinatal risk factors for physical growth
and developmental skills, or how postnatal physical growth affects psychological
development in multiples. This thesis will therefore outline physical growth and
developmental skills of healthy multiples, focusing on twin pregnancies, as this is the most
common type of multiple pregnancies. I will also investigate genetic and environmental
2

Chapter 1: Introduction – C. Nan (2012)

influences on body mass index in relation to the current obesity epidemic. Finally, I will
provide clinically relevant conclusions and suggestions for implementation of the findings in
clinical practice.
In the following paragraphs, I will describe the incidence of twinning, the different types of
twins and complications in twin pregnancies to illustrate the importance of this study. There
will be a brief description of what is already known about ante- and postnatal growth and
psychological development. Detailed background information on each topic in this thesis will
be provided in each individual results chapter (Chapters 4-8). I will explain the principles of
the twin design, which is used to estimate genetic and environmental influences (Chapter 8).
This introductory chapter will be concluded with an outline of the overarching hypothesis for
this thesis and a brief summary of the sub-questions, which will be considered in following
chapters.
Chapter 2 then provides a description of the protocol of the Birmingham Registry for Twin
and Heritability Studies (BiRTHS), from which data was derived for this thesis. A full
description of data management and the characterisation of the sample can be found in
Chapter 3.
The first of the results chapters (Chapter 4) will provide a description of how perinatal
outcomes influence developmental skills in the first two years of life. Next, results will be
presented for the influence of antenatal head circumference on developmental skills in infancy
(Chapter 5), followed by a study of the influence of postnatal growth on developmental skills
(Chapter 6). I will then provide an outline of maternal occupational influences on perinatal
outcomes (Chapter 7). To elaborate more on how these genetic and environmental influences
can change over a lifespan, I will conclude the results section of this thesis with a chapter,
which describes the heritability of body mass index (BMI) in three age categories (Chapter 8).
Each results chapter will have its own discussion at the end of the chapter. This thesis will
3
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therefore be concluded with a general summary and discussion of the findings and
implications for future studies and clinical practice (Chapter 9).

1.1 Twinning
Twinning occurs when one fertilized egg or zygote (from the Greek ζυγωτός zygōtos=joined)
splits and develops into two foetuses, resulting in a monozygotic twin pair (=from one zygote),
more commonly known as identical twins11. Alternatively, a fraternal or dizygotic twin pair is
the result of two zygotes.
Approximately 1 in 100 natural pregnancies is a dizygotic twin pregnancy12. Monozygotic
twinning happens in about 1 in 300 natural pregnancies11. These numbers have increased as
assisted fertility treatments have become more and more accessible to parents who are unable
to conceive on their own13. To increase the chances of having a viable pregnancy, it is
common that two fertilized eggs are replaced into the uterus. Sometimes both eggs develop
into embryos, which results in a multiple pregnancy. In rare occasions, one viable egg will
split and develop into a monozygotic twin pair.
Other factors that increase the chances of twin pregnancies are family history, ethnicity,
increasing maternal age and fertility drugs13. Family history of multiple pregnancies mostly
applies to dizygotic twin pairs, as monozygotic twins are considered a chance happening11. In
recent years, it has become more common for women to have children at older ages. The
chance of having twins significantly increases after the age of 3513.
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1.2 Types of twins
The distinction of monozygotic and dizygotic twin pairs is often used in conversation.
However, another distinction is considered more relevant in obstetric care, namely that of
chorionicity and amnionicity.
The outer membrane that surrounds the foetus is the chorion, which is connected to the
placenta through the umbilical cord and allows for transfer of nutrients from the mother to the
foetus11. The amnion lies within the chorion and is filled with amnionitic fluid that protects
the foetus. Chorionicity and amnionicity can be determined by ultrasound scan, where
sonographers can determine whether there are one (mono-) or two (di-) chorions and amnions
surrounding the twins. Following this, a distinction can be made between monochorionicmonoamniotic, monochorionic-diamniotic and dichorionic-diamniotic twins. Dizygotic twins
are always dichorionic-diamniotic, however, monozygotic twins could be monochorionicmonoamniotic, monochorionic-diamniotic or dichorionic-diamniotic. This determination is
dependent on the timing of division of the fertilized egg. The majority of monozygotic twins
share one placenta, but have separate amnions (monochorionic-diamniotic), which is a result
of the egg splitting between 4 to 7 days after fertilization. When the egg splits within 3 days
of fertilization, it results in a dichorionic-diamniotic pregnancy with two separate placentae,
which occurs in about 25-30% of twin pregnancies. Only about 1-2% of monozygotic twins
are monochorionic-monoamniotic10, a result of the fertilized egg splitting in the second week.
A schematic overview of the different chorion and amnion types can be found in Figure 1.1
below.
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Number of zygotes
Two
(75%)

One
(25%)

Dizygotic

Monozygotic

When does the fertilized egg split?

0 – 3 days
(25 - 30%)

Dichorionic
diamniotic

Dichorionic
diamniotic

2 separate
placentae

2 separate
placentae

4 – 7 days
(70 - 75%)

Monochorionic
diamniotic

8 – 14 days
(1 – 2%)

Monochorionic
monoamniotic

> 14 days

Conjoined twins

1 shared
placenta

Figure 1.1 Overview of types of twins based on chorionicity and amnionicity with their respective
incidence rates.

1.2.1

Determining zygosity

Zygosity can be determined in several ways. The most reliable is DNA testing. Monozygotic
twins have the same genetic make-up, whereas dizygotic pairs only share about 50% of their
DNA like regular siblings. Validated zygosity questionnaires are also available as a costefficient alternative to DNA testing14. Other ways of determining zygosity are by chorionicity
and gender, as monochorionic pairs are always monozygotic, and therefore of the same
gender. Dichorionic-diamniotic can unquestionably be classed as dizygotic when co-twins are
not of the same gender. However, if they are of the same gender, it is impossible to determine
zygosity based on chorionicity, and another method will need to be considered. Zygosity
determination methods used in this thesis will be outlined in Chapters 2-3.
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1.3 Obstetric complications in twin pregnancies
It is commonly known that twin pregnancies differ from singleton pregnancies in that they
have higher rates of complications such as intrauterine growth restriction15, intrauterine
demise10, preeclampsia, anaemia and preterm delivery. Another important difference is that of
size for gestation, whereby twins are often smaller. This will be discussed in detail in §1.5.
Besides differences with singleton pregnancies, there are also specific differences between the
various types of twins. Monochorionic pregnancies are generally more complicated than
dichorionic pregnancies, with shorter gestations and an increased risk of intrauterine mortality
not explained by prematurity16. Intrauterine growth retardation is equally common in
monochorionic as in dichorionic pregnancies, however, the neonatal outcome is significantly
worse in monochorionic pregnancies17. Intrauterine growth retardation in monochorionic
pregnancies has been related to significantly lower gestational age at birth, lower birth weight
and higher rates of intrauterine demise. Rates of foetal death are higher in monochorionic
pregnancies from 24 weeks onwards18. A complication that is specific to monochorionic twins
is twin-to-twin transfusion syndrome10, 19, which occurs in about 15% of monochorionic twin
pregnancies. This is a condition in which one twin ‘steals’ nutrients from the other due to
umbilical cord abnormalities, causing an imbalance in blood flow. This can be detected by
ultrasound scanning as the donor twin will show signs of insufficient growth and is
surrounded by very little amniotic fluid (oligohydramnios), whereas the recipient twin will
have an overload of amniotic fluid (polyhydramnios)20. This is a life threatening condition for
both foetuses, with mortality rates ranging between 60% and 100%. A common method of
treatment is to separate the arteries by means of laser surgery.
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1.4 Management of twin pregnancies
Twin pregnancies normally fall under consultant care instead of midwifery led care. The
following outline is based on the protocol that is currently used at the specialised antenatal
clinics at Birmingham Women’s Hospital20, Birmingham Heartlands Hospital and
Birmingham City Hospital.
Booking takes place around 10 weeks of gestation, similar to singleton pregnancies.
Monochorionic pregnancies are seen fortnightly for scans and clinic consultations from
booking onwards, in order to detect any signs of twin-to-twin transfusion syndrome as early
as possible. Dichorionic pregnancies require monthly appointments from 24 weeks onwards.
The traditional triple test for Down’s syndrome is not possible in twin pregnancies, because it
would be impossible to tell which result belongs to each baby. Therefore, a nuchal
translucency test is offered between 10 and 14 weeks. A detailed mid-term scan is performed
at 20 weeks for all pregnancies. These scans include foetal growth measurements as well as
detailed measurements of foetal wellbeing and functioning of organs. Delivery plans are
discussed around 34 weeks for monochorionic pregnancies, and 36 weeks for dichorionic
pregnancies. There is some debate about the optimal gestation at which twins should be
delivered21, 22. This ranges from caesarean sections at 34 weeks for monochorionic twins to
natural delivery at 40 weeks. However, the preference at the involved hospitals is to deliver
by 38 weeks. Natural delivery is encouraged where possible, although parents may choose for
an elective caesarean section. Obviously, complications that could compromise health of the
mother or the babies are an indication for deviations from the planned timing and mode of
delivery.
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1.5 Development of twins
1.5.1

Antenatal growth

As stated in §1.3, birth weight and antenatal or intrauterine growth in twins differ from
measurements in singletons. Antenatal growth of twins generally follows the same pace as
singletons, but slows down around 32 weeks of gestation23. Some studies have even found
deviating growth patterns as early as 28 weeks24. This deviation leads to smaller size at birth.
It has been hypothesised that lack of intrauterine space to grow and placental inability to keep
pace with the nutritional needs of two growing babies are the underlying contributing
factors19. These twin specific causes of reduced intrauterine growth cannot be easily solved if
at all. However, aside from the obstetric risks described in §1.3, antenatal growth in twin
pregnancies is also affected by the same environmental risk factors as in singleton
pregnancies, for which recommendations can be made. Maternal smoking, both active25 and
passive26, has been related to intrauterine growth retardation7,

27

and altered placental

appearance28. It has even been associated with higher risk of obesity in adulthood29.
Decreased exposure to cigarette smoke has been shown to reduce intrauterine growth
retardation26. Maternal alcohol consumption30 and substance abuse31, and exposure to
chemicals32 during pregnancy have been found to have similar effects on foetal growth and
development.
Evidently, poor antenatal growth results in low birth weight and could be related to low Apgar
scores, complex deliveries and higher rates of admissions to special care wards8. These
perinatal outcomes are often used in research as a proxy for unfavourable intrauterine
developments and are described in the following paragraph.
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1.5.2

Perinatal outcomes

Investigations into the consequences of low birth weight, as a measure of insufficient
intrauterine growth, have resulted in more knowledge about immediate obstetric outcomes.
Low birth weight has been related to higher rates of neonatal mortality and morbidity,
including Apgar scores <4, assisted ventilation and neonatal seizures15. Furthermore, low
birth weight has been associated with obesity33, hypertension and type II diabetes34, 35 later in
life. The effects of low Apgar scores extend to cognitive problems at school age36, while
delivery by caesarean section has been linked to later respiratory problems37. Of the many
maternal factors, nutrition has not been found to have a significant effect on placental weight
or birth weight38. Maternal stress and stressful life events, on the other hand, have been found
to have a negative effect on gestational age and birth weight39, 40. Evidence has also been
found for prolonged effects of maternal stress, which were expressed as delayed mental
development41, behavioural and temperament problems in early life39.
Maternal occupation is a contemporary environmental factor, which has been studied in
relation to perinatal outcomes. Results remain inconclusive and difficult to compile, because
the classification of occupation largely varies from physical activity and psychological stress
to environmental exposure. However, it can generally be concluded that an excess of physical
activity and exposure to hazardous environments have a negative effect on pregnancy
outcomes42. Psychological stress specifically related to work has not been found to have a
significant effect on pregnancy outcome in many studies6,

43, 44

. The added physical and

mental burden of a twin pregnancy45 lead us to believe that smaller amounts of occupational
physical activity and stress will already have an effect on pregnancy outcomes compared with
singleton pregnancies. The fact that the modern woman is likely to continue working during
her pregnancy provides a good reason to investigate the effect of maternal occupation on twin
pregnancy outcomes (Chapter 7).
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1.5.3

Postnatal growth

Birth anthropometry and neonatal wellbeing are associated with adult height46. Although
twins are normally small at birth, their height at the age of 18 is within normal range
compared with singleton siblings and the general population47. However, children who are
small at birth and weigh less than average will need to initially catch up to existing growth
standards. Research has suggested that twin-specific growth differs significantly from that of
singletons48. This difference decreases most between 6 and 12 months49, indicating catch-up
growth.
Catch-up growth has been associated with increased body fat50. According to Barker’s
hypothesis, this is the result of the ‘thrifty phenotype’, which is due to malnourishment during
critical developmental periods in utero and results in lower metabolic rates51. It is suggested
that catch-up growth and the ‘thrifty phenotype’ are predictors of later heart disease and
obesity52, 53. The causes and consequences of excessive weight gain will be discussed in
further detail in Chapter 8.

1.5.4

Developmental skills

Studies on the effects of low birth weight on developmental skills are sparse, and mostly
performed on singleton populations54-56. It appears that premature children with low birth
weight show signs of developmental delays within the first two years57. Researchers
hypothesise that a possible explanation for this could be that a focus on physical growth and
muscle gain is prioritized over psychological development55. Developmental catch-up has not
been found to have similar patterns for all developmental skills. For example, delays in motor
development seem to be more pronounced and prolonged in premature children compared
with other areas of development58.
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Early developmental delays have been found to have an effect on later cognitive
development59. Although findings from previous studies mostly agree that preterm and low
birth weight children have generally caught-up by age two60, some studies have found
evidence of higher use of school services at school age and later working memory
deficiencies61, which may lead to general learning and behavioural problems.
It is possible that twins generally follow a developmental path, which is comparable to
singletons born preterm or with low birth weight. In Chapter 4, I will verify this and
determine which perinatal factors are influential at various ages between 3 and 24 months.
Direct links between antenatal growth and postnatal consequences have been studied in a
health related context. For example, early rapid foetal growth is related to wheezing disorders
at age 362, and small for gestational age babies show continued slower growth after birth63.
Relationships between antenatal head size and cognitive ability later in life have been found
in a few studies64,

65

. However, the relationship between antenatal head growth and

developmental skills has not yet been investigated. I will provide a detailed report on the
effect of antenatal head growth on postnatal developmental performance in Chapter 5,
illustrating that there is indeed a relationship.
Similarly, I will outline the relationship between postnatal growth and developmental skills in
Chapter 6. There is some evidence to believe that the focus on physical growth may influence
the age at which children reach early developmental milestones55. Previous studies have found
that height66 and, particularly, head circumference are predictive of cognitive performance in
later childhood67.

1.5.5

Genetic influences

“You can’t expect to give birth to an elephant, when you yourself are a mouse”, a doctor once
said to an expecting mother. Indeed, the growth and size of a child are highly dependent on
12
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body composition of the parents68-70. More specifically, birth weight is more influenced by
maternal weight, whereas height and weight of both parents influence weight gain equally2. It
is therefore not surprising that BMI has a strong genetic component71, 72. I will describe
results from a meta-analysis, which was performed as part of my doctoral research, to
illustrate how genetic and environmental influences on body composition vary with age
(Chapter 8). The classical twin design is described in §1.6, which is used to disentangle
genetic and environmental influences in heritability studies.

1.6 Use of the classical twin design in research
Individual differences can be explained by genetic factors, environmental factors, both or an
interaction between the two73, 74. The estimated proportion of the observed variance that can
be explained by genetic factors is called heritability75. It is specific to a particular population
at a particular time, meaning that it does not refer to measurements in a completely different
population or era76.
Adoption studies can be used to determine whether a trait is due to genetics or environment
and parental rearing style. In this type of study, resemblance between children and biological
parents represent genetic effects and resemblance between children and their adoptive parents
are a result of environmental effects. Limited access to adoption records poses a complication
in this design76. Studies with twins raised apart and twins raised together are similar to
adoption studies, and are complicated as well as limited by the fact that twins are very rarely
raised apart nowadays. Extended family and pedigree studies provide more details on traits
that run in the family, and are not as limited in distinguishing genetic from environmental
influences as the classical twin study76, 77.
The twin design is one amongst few that does not have these limitations. It relies on the
differences and similarities between monozygotic and dizygotic twin pairs. Aside from the
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different degrees of genetic alikeness between monozygotic and dizygotic twins, both types of
twins share some of their environment, such as the intrauterine environment, family, home
meals and schools. On the other hand, there is a part of their environment that is unique to
each twin, like sports and hobbies. Using correlations within monozygotic and dizygotic twin
pairs, the proportion of variation on a trait that is explained by additive genetic (A), shared
environmental (C) and unique environmental factors (E) can be estimated.

1.6.1

Assumptions in the twin design

The twin design is based on several assumptions77. One of these is that any difference within
a monozygotic twin pair is likely to be due to unique environmental influences, as their
genetic and shared environmental factors are the same. Any differences within dizygotic pairs
could either be due to genetic or unique environmental variations (Figure 1.2). Another
assumption is that there is a genetic factor if monozygotic twins are more alike than dizygotic
twins. In other words, if the within pair correlation for monozygotic twins is higher than for
dizygotic twins, a genetic factor can explain all or part of the observed variance. Other
important assumptions within this design are that the variance and means in monozygotic and
dizygotic twins are not significantly different and that of random mating. The latter assumes
that people are as likely to choose a partner that is similar to themselves on a trait, as they are
to choose someone who is completely different.
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Figure 1.2 The correlation (r) of genetic (A), common environmental (C) and unique environmental
(E) factors within monozygotic (MZ) and dizygotic (DZ) twin pairs.

1.7 Theoretical model and objectives of this thesis
Developmental delays in childhood have been previously associated with preterm birth55, low
birth weight54 and low Apgar scores36, 37, which in turn are associated with maternal and
environmental factors (e.g. maternal occupation42-44, which is further investigated in this
thesis). Based on previously described literature, I created a simplified diagram that describes
what is known about the relationship between antenatal/maternal factors, perinatal outcomes
and developmental delays and delayed growth (displayed as solid lines in Figure 1.3).
However, this is a mainly superficial explanation, involving unfavourable antenatal conditions
(e.g. insufficient nutrition19) as the source of delays in cognitive development and physical
growth, but does not explain the biological mechanisms.
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Delayed)antenatal)
brain)development)

Obstetric)
complica/ons,)
environmental)&)
maternal)factors)

Preterm)birth)

Delayed)brain)
development)

Developmental)
delays)
Delayed)growth)

Antenatal)

Perinatal)

Postnatal)

Figure 1.3 Diagram of the theoretical neurodevelopmental context of physical and developmental
delays.
Solid lines indicate established relationships. Dashed lines (---) indicate possible relationships, which will be
investigated in this thesis.

Considering the literature on child development and the obstetric characteristics of twin
pregnancies, there is reason to believe that the effects of known ante- and perinatal risk
factors on postnatal development of singletons may be amplified in twins. As these effects
have not been previously studied in detail in a sample of healthy twins, I aim to shed more
light on the subject with this thesis. Aside from describing twins’ developmental and growth
trajectories (Chapters 4 and 7), I was interested to investigate the literature-based diagram I
created in Figure 1.3 with the following research questions:
•

what is the influence of perinatal outcomes on development in the first two years of
life? (Chapter 4);

•

what is the association of maternal occupational physical activity and psychological
strain on twin pregnancy outcomes? (Chapter 7).

I was further interested in studying the alternative paths to developmental delays I suspected
(dashed lines in Figure 1.3) with the following research questions:
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•

what is the relationship between antenatal head circumference and developmental
skills in infancy? (Chapter 5);

•

what is the association of postnatal growth with concurrent and later developmental
skills in infancy? (Chapter 6).

In my last results chapter (Chapter 8), I investigated the change in relative genetic and
environmental influence on BMI over a lifespan in a meta-analysis using the classical twin
design. This thesis is concluded with a discussion of my findings and suggestions for future
studies and clinical practice in Chapter 9. However, I will begin by presenting my work as
project manager for BiRTHS (Chapter 2) and the data that was used in this thesis (Chapter 3).
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The Birmingham Registry for Twin and Heritability Studies (BiRTHS)78 is a prospective
multiple birth registry, which was established in 2008. As far as we know, there is currently
no other multiples registry in which parents are recruited and asked to complete
questionnaires regarding social support, maternal physical activity and maternal depression
antenatally. The registry serves as a database of families with twins or higher multiples in
Birmingham (and surroundings), and aims to investigate development of healthy multiples in
an ethnically diverse population. It is a platform for relevant studies, for which families from
the registry can be invited to participate.
The first of these studies is the current one, which has investigated physical and psychological
development in infant twins, following the aims and research questions described in Chapter 1.
In order to achieve these goals, I followed the included families from recruitment until the
twins were 2 years of age.
This chapter describes the BiRTHS study protocol, after the latest protocol update in May
2010, and outcomes of the recruitment process. Descriptions of tasks that were not performed
by me or decisions that were made before I started my doctoral study are written in italics.

2.1 Ethical approval
Ethical approval for this study was obtained from the Solihull Local Research Ethics
Committee on May 9th 2007. After this, site-specific approval for all proposed sites, namely
Birmingham Women’s Hospital, Birmingham City Hospital and Heartlands Hospital was
granted. Approval from the Research and Development departments at these sites was
granted following site-specific approval, and project activities were undertaken from then
onwards.
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2.2 Eligible families
All families were eligible if they were expecting twins or higher multiples, and were seen at
Birmingham Women’s Hospital, Birmingham Heartlands Hospital or Birmingham City
Hospital. Mothers were between the 12th and 28th week of their pregnancy in order to be
eligible for an introduction to the study. This was decided to ensure that the chance of any
intrauterine demise or undetected severe growth issue would be minimal, and that we would
allow enough time for parents to complete and return the initial questionnaires before delivery
to reduce the chance of losing data. To illustrate, the recruitment process will be explained in
detail in later paragraphs.

2.2.1

Exclusion criteria

Pregnancies in which severe growth problems were found or which resulted in foetal demise
were excluded from the study. Families who did not understand English or did not have
access to an interpreter were not invited to participate.

2.3 The BiRTHS research team
Figure 2.1 gives a full overview of the BiRTHS research team on 15th July 2011, with the
exception of Mr. H. Gee, who was lead consultant at Birmingham Women’s Hospital until
December 2009. The Chief Investigator oversaw the entire project, while day-to-day
management was the responsibility of the project manager. The Principal Investigators are
represented as the first consultant listed for each hospital in Figure 2.1, and acted as line
managers for me while I was at the hospitals. The research assistants were graduate
psychology students, who worked on the project during overlapping periods of 6 months
between August 2010 and August 2011. A research midwife was assigned to the project from
20
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August 2009 to October 2010 at Birmingham Women’s Hospital, and between March 2010
and July 2011 at Birmingham Heartlands Hospital. Consultants, research assistants and
midwives were trained to identify eligible patients, introduce the study and take consent. Both
honorary research associates were involved in the set-up of the study between May 2006 and
August 2008 as full team members, and remained involved in organising events and
newsletters in honorary posts.

Chief investigator
[Prof. M. Zeegers]

Project manager
[Ms. C. Nan]

Lead consultants

Research midwives

Research assistants

[BWH: Mr. W. Martin]
[BWH: Mr. H. Gee]
[BWH: Dr. E. Knox]

[BWH: Ms. D. Mellers]

[Ms. L. Gyles]

[BHH: Ms. D. Glover]

[Ms. C. Pym]

Honorary research
associates
[Ms. C. Warner]
[Dr. R. Krone]

[BHH: Mrs. G. Sunanda]
[BHH: Mr. K. Das]
[City: Mr. N. Shah]
[City: Mrs. S. Bakour]
[BCH: Prof. T. Barrett]

Figure 2.1 Organisational chart of the BiRTHS research team.
[the dashed line (---) represents line management by lead consultants from each hospital. (BWH = Birmingham
Women’s Hospital, BHH = Birmingham Heartlands Hospital, City = Birmingham City Hospital, BCH =
Birmingham Children’s Hospital)].

2.4 Recruitment
Families were recruited antenatally from specialized multiple clinics at Birmingham
Women’s Hospital, Birmingham Heartlands Hospital and Birmingham City Hospital between
4th August 2008 and 15th July 2011. Consultant obstetricians led these clinics with their team
of specialist midwives and registrars. The following is a description of the antenatal process
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from introduction to consent and data collection (Figure 2.2). Together with the staff in
antenatal clinic, I identified eligible families by reviewing patient medical notes when they
attended their appointments. Families were mainly approached by myself, and in the final 1.5
years, by a trained research midwife and research assistant as well. Eligible families were
informed about the study and given a study information sheet (Appendix A-I.i) to take home
and read. To aid in the identification of these families at their next appointment, mothers’ next
appointment dates were kept in the BiRTHS recruitment diary. The second stage of
recruitment was the consent procedure (Appendix A-I.ii). Previously approached families
were asked for consent at their next antenatal appointment. They were given the opportunity
to ask questions regarding the study, after which they had the choice of consenting to the
registry only, the 2-year follow-up study or declining to consent altogether. Consenting to the
follow-up study automatically meant that families were a part of the registry. Those who
declined were not approached again regarding the study. Contact details for those who did
consent were completed on the contact details sheet (Appendix A-I.iii). Antenatal
questionnaires (§2.5.1) were given out at consent and parents were instructed on how to
complete them and to return them to a BiRTHS team member at their next appointment,
which was marked in the BiRTHS recruitment diary.
A BiRTHS team member approached parents who had not yet returned their questionnaires at
each consecutive antenatal appointment, until completed questionnaires were returned.
Families had completed the antenatal pathway for the project when I was in possession of the
completed questionnaires and would not be approached again until after birth of their babies.
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Antenatal appointment
Gestation 12 – 28 weeks?

No
Do not approach

Yes
Fits inclusion criteria?

No

Yes
Speaks English?

No

Yes
Introduced to BiRTHS?

Has someone to interpret?
Yes

No

Introduce to BiRTHS

Yes

Approached for consent?

White sticker on handheld
notes: Introduced to BiRTHS

Orange sticker on handheld
notes: Consented to Registry

No

Take consent

No

Give antenatal questionnaires

Red sticker on handheld notes:
Consented to follow-up
Blue sticker on handheld notes:
Declined consent

Yes

Questionnaires returned?

No

Do not approach again

Collect questionnaires

Yes
End of antenatal pathway

Figure 2.2 Complete pathway for the antenatal recruitment into the Birmingham Registry for Twin and Heritability Studies (BiRTHS).
23

Chapter 2: The Birmingham Registry for Twin and Heritability Studies (BiRTHS) – C. Nan (2012)

2.4.1

Exclusion criteria after consent

Although families had the right to discontinue their participation in the project at any time and
without stating a reason, there were several criteria at birth that needed to be met in order to
be definitely included.
•

First of all, deliveries had to meet the International Classification of Disease for a
viable live birth (10th ed.)79. This meant that:
o gestational age at birth should be at least 22 weeks;
o newborns should weigh more than 500 grams.

•

Secondly, there should be no severe malformations or developmental impairments that
became apparent at birth.

A diagram of the entire follow-up process is displayed in Figure 2.3.
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Delivery
In BiRTHS project?

No
Do not approach

Yes
Consent for cord blood collection?

No

Yes
Collect cord blood

Yes

Cord blood collected?

Send to West Midlands Regional
Genetics Lab for DNA
extraction

Yes
In BiRTHS follow-up study?

Invitation letter to join study
with EPDS at 6 weeks

Yes

Yes

Yes

Saliva samples collected by
post or in clinic?

Twins’ age 6 weeks

EPDS

Twins’ age 3 months

EPDS, parental questionnaire,
ASQ-3 (4months), postnatal
clinic

Twins’ age 6 months

No

No

Sufficient DNA?
Yes

EPDS, ASQ-3 (6 months)
Send to DNalysis, Maastricht
for storage and genotyping if
necessary

Twins’ age 9, 12, 18,
24 months

EPDS, parental questionnaire,
ASQ-3 (9, 12, 18, 24 months),
postnatal clinic

Figure 2.3 Complete perinatal and postnatal pathway for the Birmingham Registry for Twin and Heritability Studies (BiRTHS).
EPDS=Edinburgh Postnatal Depression Scale, ASQ-3=Ages and Stages Questionnaires (3rd edition), DNA=Deoxyribonucleic acid. Dashed (---) borders represent optional items.
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2.5 Collected data
Data were collected through questionnaires, BiRTHS postnatal clinics and clinical record
forms. Any questionnaires regarding the twins or measurements from postnatal clinics were
not corrected for prematurity. Additionally, I set up a DNA depository for DNA samples of
the twins. The following paragraph provides a description of the materials and procedures that
were used for data collection and DNA sampling. A detailed description of data handling and
data management can be found in the next chapter.

2.5.1

Antenatal questionnaires

Antenatal questionnaires (Appendix A-II.i-A-II.ii) were given to parents when they consented
to participate in the registry or in the follow up study. Parents were asked to complete
questions about their ethnic background, employment, body composition, alcohol and
smoking habits, family history of twinning and familial relationships between the parents.
Furthermore, parents were asked to complete the 8-item Duke UNC Functional Social
Support Questionnaire about their perceived social support80. Additionally, mothers were
asked to complete a short exercise questionnaire81 in which they estimated the number of
hours spent on exercise each week before and during pregnancy. Finally, maternal depression
was assessed with the Edinburgh Postnatal Depression Scale (EPDS; Appendix A-II.iii)82.
Data from the parental questionnaires (age and body composition) are used as potential
confounders in analyses described in subsequent results chapters. Maternal occupation is used
in the main analysis in Chapter 7.
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2.5.2

Postnatal questionnaires

Postnatal questionnaires were posted to parents who agreed to participate in the follow-up
study. If parents had initially consented to the registry, they were given the option to
participate in the follow-up study from 6 weeks onwards. If they agreed, they would follow
the same process as parents, who had consented to the follow-up study during the antenatal
consent procedure. Mothers received the EPDS at 1.5, 3, 6, 9, 12, 18 and 24 months. The
mother’s general practitioner was made aware of any total scores above 12. This happened for
four women in the follow-up study, and was done via email or a letter and confirmed via
telephone. Mothers received a copy of the letter to their general practitioner. All but one
general practitioner were aware of a history of or ongoing depression for the concerning
mothers. The four women, who had a high EPDS score, were also in the group that showed
cause for concern in their antenatal EPDS. In conjunction with the EPDS, a parental
questionnaire (Appendix A-II.iv) was completed at 3, 9, 12, 18 and 24 months. This
questionnaire was similar to its antenatal counterpart, with the exception of questions about
handedness and a zygosity questionnaire about the twins’ alikeness.

2.5.3

The zygosity questionnaire

The zygosity questionnaire consisted of four questions, and was based on a longer validated
questionnaire14. Each answer corresponds to a score, with which a total score can be
calculated at the end of the questionnaire. A zygosity quotient is calculated by dividing the
actual total score with a theoretical total score, which is the sum of the maximum possible
scores for each question. The zygosity quotient ranges from 0 to 1, with 0 representing twins
that are likely monozygotic and 1 representing twin pairs that are likely to be dizygotic.
Similar to the original zygosity questionnaire, twins were classed as dizygotic when their
zygosity quotient was above the median. The original validated questionnaire has a sensitivity
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of 98.8%, specificity of 88.9% and 90% overall agreement between questionnaire and
genotype. Information regarding the validity of the questionnaire used in BiRTHS can be
found in Chapter 3.

2.5.4

Ages and Stages Questionnaires (ASQ-3)

Developmental skills of the twins were assessed by a parent-completed questionnaire, the
third edition of the Ages and Stages Questionnaires (ASQ-3). This was done at all follow-ups,
except for 1.5 months. The ASQ-3 System is a series of validated and standardized
questionnaires that measure developmental milestones of children at regular intervals between
2 and 60 months, and is meant as a simple method for initial screening for any developmental
delays. Norm scores are based on healthy singleton children born at 40 weeks. Based on an
American sample of 15,138 children, sensitivity and specificity for all questionnaires were
estimated between 70% and 100%, while validity was between 82% and 88%. Furthermore,
there was a 84% overall agreement between the ASQ-3 and the Bayley Scales of Infant
Development83.
I used ASQ-3 questionnaire sets for 6, 9, 12, 18 and 24 months for the corresponding followups. The 2 and 4 months questionnaires have been validated for the ages between 2 months 0
days and 2 months 30 days, and between 3 months 0 days and 4 months 30 days, respectively.
The 4 months questionnaire was used for the 3 months follow-up by default. However,
depending on the timing of posting the questionnaires, it was more appropriate to use the 2
months questionnaire in some cases. This occurred four times in the course of the study,
because parents notified me of planned holidays, which would overlap with their intended
follow-up. For these cases, I decided to send the questionnaires earlier to avoid missing data
completely. The 48-month ASQ-3, which is available as a free sample questionnaire online,
can be found in Appendix A-II.v.
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The questionnaires consist of simply phrased questions based on developmental milestones at
each follow-up age. The questionnaires measure five domains of development, namely
communication, gross motor, fine motor, problem solving and personal social skills. Parents
complete questions about their children’s ability to perform certain age specific movements
(e.g. picking up toys) or whether they show signs of communication and understanding (e.g.
laughing). The questions are designed in a way so that parents can easily complete them
regardless of educational background. They answer each question with ‘always’, ‘sometimes’
or ‘not yet’. In accordance with the ASQ-3 protocol, a score of 10 is assigned for ‘always’, 5
for ‘sometimes’ and 0 for ‘not yet’ answers, resulting in a total score ranging from 0 to 60 on
each of the five subscales. These scores correspond to three areas in which a child can score:
‘normal development’ (above -1 standard deviation (SD)), ‘cause for concern and further
monitoring needed’ (between 1 and 2 standard deviations below the mean) and ‘referral for
further developmental assessment needed’ (more than 2 standard deviations below the mean).
Because there are no norms for premature twins and the ASQ-3 was not used as a clinical
screening tool, I did not make any referrals. Children who would have needed a referral
according to the outcome of the questionnaire were already under assessment at the
Birmingham Children’s Hospital or local institutions specialising in infant development. I will
describe and analyse the ASQ-3 data in more detail in Chapters 4-6.

2.5.5

Postnatal clinics

Families were invited to BiRTHS postnatal clinics when the twins’ chronological age was 3, 9,
12, 18 and 24 months. The baby clinic at Birmingham Women’s Hospital was the main
location. However, if the available dates or the location was not convenient for the mother,
they were offered an appointment at the Wellcome Trust Clinical Research Facility at the
Birmingham Children’s Hospital.
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A detailed overview is provided in Figure 2.4. A monthly list was produced with follow-ups
that were due within the next 6 months. Each week this list was checked for follow-ups within
the next month. Mothers were then contacted by telephone and scheduled for a date as close
to the follow-up age as possible, but not more than 8 weeks later. In the event that the mother
was not available to arrange an appointment, I called at a later time or left a message and an
email was sent with possible dates and appointment slots. I also checked whether cord blood
was taken at birth and whether the DNA yield from this sample was sufficient or whether an
additional saliva sample was needed. If a saliva sample was necessary, I explained the
procedure, which is described in §2.5.8, to the parents beforehand so that they could decide
whether they would allow us to take the samples in clinic. Two families declined this.
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No, check again next week

Within 6 weeks of expected follow-up date?

No

More than 8 weeks passed
expected follow-up date?

No

Email or call again at another time

No

Prepare saliva kits for clinic

Yes

List as missing measurements for
the correct follow-up session

Yes
Call mother to arrange postnatal appointment
Mother available?
Yes
Prepare form for measurements, measuring
equipment and growth charts

Sufficient DNA sample?
Yes
Call mother for confirmation of clinic 1 day
before

No
Set up equipment at least 15 minutes before
the clinic starts

Did the family attend postnatal
clinic?

Take measurements (and saliva
samples). Data collection complete
for this follow-up session

Figure 2.4 Complete pathway for postnatal follow-up appointments in the Birmingham Registry for Twin and Heritability Studies (BiRTHS).
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A trained BiRTHS researcher measured weight, length, head circumference, mid-upper arm
circumference and skinfold thickness (triceps and subscapular) at each postnatal appointment.
Each measurement, except for weight measured with digital scales, was taken three times to
minimize variability. If one of the three measurements differed more than 1 centimetre (cm)
compared with the others, it was assumed that the measurement was incorrect and all three
measurements were redone. Over the course of 2.5 years, I conducted about 75% of the
measurements, while the trained research assistants and midwives took account of the
remaining measurements. Due to the amount of time it took to measure one set of twins, it
was not feasible to measure the same children twice for a large enough number of twin pairs
in order to check the inter-observer variability. Therefore, the research assistants and
midwives took the measurements in their training phase and compared them to the
measurements that I took immediately afterwards. I then checked whether the discrepancy
between both sets of measurements was more than 1cm, similar to intra-observer variability.
Because measurements were extensively practiced on myself and other volunteers (research
assistants, students and friends) beforehand, measurements that were taken in postnatal clinics
did not vary more than 1cm in most cases. Exceptions were occasions where the children
were fidgety, in which case more time was taken to calm the children down and take accurate
measurements. Finally, feedback was given to parents in the form of World Health
Organisation growth charts, on which I did correct for prematurity, as this is common practice
for most health visitors and to not worry the parents unnecessarily. A full description of how
the measurements were taken and their reliability is provided in Appendix III. Postnatal
growth measurements are used in the analyses in Chapter 6.
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2.5.6

Maternal medical records – clinical record forms

All mothers who are under antenatal care have a medical record (Appendix A-IV.i), which is
a combination of information on all the mother’s hospital visits, a summary of the current
pregnancy and, finally, delivery details (Appendix A-IV.ii). Mothers complete questions
regarding their ethnic background, date of birth, employment status, previous pregnancies,
medical history and family history of disease for themselves and their partners. Midwives
record mothers’ height and weight at their booking appointment, which normally happens
between 10-12 weeks of gestation. The following delivery details were extracted: estimated
date of delivery, gestational age, gender, mode of delivery, presentation, birth weight, length,
head circumference, Apgar scores at 1 and 5 minutes, resuscitation details and the location
after birth. Children were transferred to special care, high dependency, intensive care,
transitional care or regular postnatal wards. Indications for admission to wards other than
transitional care or postnatal wards are birth weight below 1500 grams, gestational age
younger than 25 weeks or major health complications that require constant monitoring.
I extracted the above information from maternal medical notes after the twins were born, and
recorded the data on clinical record forms. Parity, gender and gestational age at birth were
used as potential confounders in subsequent results chapters. Birth weight, delivery mode,
postnatal hospital admission and Apgar scores are investigated as outcomes of maternal
occupation in Chapter 7.

2.5.7

Ultrasound measurements – clinical record forms

I extracted biparietal diameter, femur length, head circumference, abdominal circumference
and estimated foetal weight from ultrasound scan reports (A-IV.iii). All growth measurements
are expressed in millimetres (mm), while estimated foetal weight is measured in grams (g).
Gestational age was extracted for each scan report. These scans reports are generated after
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each antenatal appointment. Scans were made using three ultrasound scan machines: Siemens
Acuson S2000, GE Voluson 730 Expert and GE Voluson E8.
Antenatal growth data will be described in detail in Chapter 5.

2.5.8

DNA depository

Cord blood samples
Parents were asked for permission to take a cord blood sample at birth from each baby
(Appendix A-I.ii, item 4). This cord blood was taken by midwives and collected into 10ml
EDTA bottles, which were labelled with the BiRTHS logo and a patient identifier. Midwives
were instructed to fill in date of birth, time of birth and birth order on the patient identifier
label. A single clip on the umbilical cord of the first-born and two clips on the second-born
twin’s cord of the second-born determined birth order. This is common practice at the three
hospitals from which patients were recruited for this study.
The samples were sent to the West Midlands Regional Genetics Laboratory based in the
Birmingham Women’s Hospital for DNA extraction with Qiagen Puregene DNA extraction
kits. This was done according to the lab protocol in which non-nucleated red blood cells were
separated from nucleated white blood cells first. DNA was then preserved while any
contaminating substances, such as cytoplasmic and nuclear proteins, were removed with salt
precipitation. The genomic DNA was isolated by precipitation with alcohol, after which the
DNA was re-hydrated in a buffered solution. Reports, in which the quantities of the DNA
yield were stated, were sent to the BiRTHS office and samples were stored at -80 degrees
Celsius at the laboratory. A total of 30 cord blood samples were taken, of which 20 yielded
enough DNA for further analysis.
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Saliva samples
In the event that cord blood was not taken, or the DNA yield had insufficient volume for
further analyses, saliva samples (N=97) were taken using Oragene⋅DNA self-collection kits
(OG-250) in disc format with the collection accessory for infants and young children from
DNA Genotek84. I did this at a postnatal appointment, or posted the kit to the parents,
according to Royal Mail guidelines for human specimens. Kits mailed to parents included
simple instructions describing how to collect saliva samples, identifier labels, DNA Genotek
liquid-tight biospecimen bags with absorbent material to soak up 4mL of liquid and bubble
return envelopes with First Class postage and labelled ‘Exempt Human Specimen’.
The DNA extraction and storage procedure was the same as from cord blood samples.

Genotyping
Batches of extracted DNA samples were sent to DNalysis in Maastricht, the Netherlands,
where they were permanently stored at -20 degrees Celsius. Genotyping was done for those
where zygosity could not be conclusively determined by gender and chorionicity. The
AmpFlSTR® NGM™ PCR Amplification Kit was used for the genotyping of most samples.
The kit amplifies the gender determination locus Amelogenin, 1 trinucleotide repeat locus
(D22S1045) and 14 tetranucleotide repeat loci (D10S1248, vWA, D16S539, D2S1338,
D8S1179, D21S11, D18S51, D22S1045, D19S433, TH01, FGA, D2S441, D3S1358, and the
highly polymorphic D1S1656 and D12S391 loci). DNA samples of two twin pairs were
analysed with the AmpFlSTR® SEfiler Plus™ PCR Amplication Kit due to problems with the
amplification of several loci. This kit amplifies Amelogenin, and 11 tetranucleotide repeat
loci (vWA, D16S539, D2S1338, D8S1179, D21S11, D19S433, TH01, FGA, D18S51,
D3S1358 and the highly polymorphic SE33 locus).
Twins were classified as monozygotic if DNA profiles were identical.
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3.1 Data management
All included individuals were assigned a unique identifier, which consisted of a family and
person identifier. A password-protected database was created in Microsoft Access to hold the
collected data and saved on the University of Birmingham network. A general summary form
was used as starting point for each entry. This form provided contact details, children’s names
and a summary of sent, received and entered questionnaires for each family. It also delivered
a list of family specific follow-up dates, based on their twins’ date of birth. Separate database
forms were created for each questionnaire and clinical record form. Each database form was
connected to an underlying database table, where the entered data was saved automatically.
This resulted in two specific antenatal forms (mother’s antenatal questionnaire and father’s
antenatal questionnaire), four specific postnatal forms (mother’s postnatal questionnaire,
father’s postnatal questionnaire, twins’ ASQ-3 and twins’ anthropometric measurements), one
combined antenatal and postnatal form (EPDS questionnaire) and three clinical record forms
(mother’s medical details, twins’ perinatal details and ultrasound scan details).
The data tables were then imported into STATA 11 (Statacorp, 2009)85 using Open Database
Connectivity, where they were merged into one large anonymised dataset. Parts of this dataset
were used for this thesis, and will be described in subsequent chapters.

3.2 Data cleaning
Harmonisation of the data was mostly done during the data entry stage. For example, parents
could give their height and weight in either metric or imperial measurements. Because the
database was built to only allow the metric system, imperial measurements were converted
before they were entered into the database. Missing data that could be easily calculated, such
as parental age, was completed in the data entry stage. Discrepancies in the physical activity
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questionnaires were checked. For example, if mothers filled in that they walked 10 hours per
week in the year previous to their pregnancy, but left the corresponding age category for
walking blank, the data would be added in the appropriate age category.
By allowing only certain types of numbers (e.g. bytes and integers), based on possible
answers specific for each question, the number of discrepancies within the answers of each
question was minimised. The general summary sheet of the database allowed for automated
entry of family member identifier and follow-up age on each subsequent form and eliminated
the chance of mistakes in assigning incorrect identifiers or follow-up age. All of these built-in
procedures resulted in a merged dataset that was uniform in presentation.
Logical checks for impossibilities within the merged dataset were then performed in STATA
1185. Anthropometric measurements and ultrasound scans were checked for outliers that were
physically impossible. A length of 8.97cm for example would be impossible and would very
likely be mistakenly entered instead of 89.7cm. Gestational age for ultrasound scans was
checked against gestational age at birth, in order to confirm that all scans were performed
before birth. All discrepancies were checked against hard copies of the data and corrected.
Four errors were found and corrected in the entry of ultrasound scan measurements. No other
errors were identified in the data that is described in this thesis. The following paragraphs
describe the collected data after cleaning.

3.3 The recruitment process in numbers
Figure 3.1 shows the BiRTHS recruitment process in numbers. Of the 360 families we
approached in the antenatal clinics, nine (3%) were not eligible because they had miscarried
or received news about congenital malformations. Of the remaining 351 eligible families, 47
families (13%) were missed for consent, because they had delivered their babies before we
saw them again or because they had been transferred to another hospital. A total of 88
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families (24%) declined consent. Reasons were the husband not agreeing in families of Asian
ethnic backgrounds, the study being too time consuming, the registry being too invasive of
privacy and families not being interested at all in research. One family declined, because they
were planning to move abroad and would not be able to take part.
A total of 216 families (61.5%) consented to take part in the project. Eight families (4%) were
excluded after consent (postnatal) due to miscarriages or congenital malformations in the
twins. This resulted in a total of 208 families in the BiRTHS cohort, of which 171 also
participated in the 2-year follow-up study. One family pulled out of the study after consent
due to the time commitment, but remained part of the registry.

Figure 3.1 Recruitment in numbers.

360
families approached

9
excluded (antenatal)

351
families eligible

47
missed

88
declined

216
consented

37
registry only

171
follow-up

8
excluded
(postnatal)

3.4 Baseline data
A lot of data was collected during the course of the BiRTHS project. However, I will only
describe the data that are relevant to the analyses in this thesis. Response rates for
questionnaires and postnatal anthropometric follow-ups can be found in Table 3.1. The
number of eligible families was dependent on the age of the twins at the time that the study
closed; over half the twins had not yet reached their first birthday when the study closed.
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Table 3.1 Response rates for all parent completed questionnaires and clinic appointments.
Parental(questionnaire
Eligible' Received' Response'rate'
(N)
(N)
(%)

Ages(and(Stages(Questionnaires
Eligible' Received' Response'rate'
(N)
(N)
(%)

Twins'(anthropometry
Eligible' Received' Response'rate'
(N)
(N)
(%)

Antenatal
Mother
Father

208
208

207
213

73
70

.
.

.
.

.
.

.
.

.
.

.
.

1.5'months
3'months
6'months
9'months
12'months
18'months
24'months

.
128
.
112
92
64
84

.
67
.
60
57
37
25

.
52
.
54
62
58
30

.
256
254
224
184
128
168

.
85
126
110
116
74
50

.
33
50
49
63
58
30

.
256
.
224
184
128
168

.
134
.
110
64
50
38

.
48
.
49
35
39
23

N=sample size. Numbers for parental questionnaires are ‘per family’, while numbers for the Ages and Stages
Questionnaires and anthropometry are for twins as individuals.

3.4.1

Parental demographics

On average, mothers were 31.9 years (SD=5.2) at the time of questionnaire completion at an
average of 27 weeks gestation, while fathers were about 34.2 years (SD=5.8). Mothers’
average weight at booking during the first trimester was 70.6 kilograms (kg; SD=79.7), and
had increased with 9 kilos at the time of questionnaire completion. 63% of the parents were
expecting their first children (primiparous). The majority of the parents were British (69%),
while the second largest ethnic group was Asian (15%). Over three quarters (83%) of the
parents had paid employment, of which a little over half (55%) held a job that required
completion of a tertiary degree.

3.5 Pregnancy details
3.5.1

General pregnancy details

Nearly 40% of mothers were admitted to hospital during their pregnancy. The most common
reasons were contractions and foetal distress, which required monitoring or delivery of the
babies. More than half of the twins (67%) were naturally conceived as opposed to via fertility
treatments. Of the twins that were conceived through fertility treatments, conception by in
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vitro fertilisation was the most common (65%). A quarter of our sample consisted of
monochorionic twins, which concurs with the previously explained theory in Figure 1.1.

Table 3.2 Sample size (N) and perinatal details by birth order.
Male
Mode7of7delivery7
Emergency)caesarean
Other

N
88

Twin%1
Proportion
49.7

N
100

Twin%2
Proportion
56.5

80
98

44.9
55.1

80
97

45.2
54.8

24

13.5

44

25.0

Suction
Oxygen
Intubation

1
19
4

4.2
79.2
16.7

0
41
3

0.0
93.2
6.8

Hospital7admission7after7birth
Special)care)ward
High)dependency)ward
Intensive)care)ward

47
2
10

79.7
3.4
17.0

43
1
12

76.8
1.8
21.4

Birth7weight7(grams)
Length7(cm)
Head7circumference7(cm)

N
176
140
170

Mean
2382.7
45.6
32.4

SD
552.2
13.0
2.1

N
174
137
167

Mean
2340.7
46.4
32.3

SD
549.3
4.0
2.2

Apgar7at717minute
Apgar7at757minutes

174
174

Median
9.0
9.0

IQR
8P10
9P10

168
168

Median
9.0
9.0

IQR
8P9
9P10

Resuscitated7at7birth
Resuscitation7method7

Twin%1

Twin%2

cm=centimetre, SD=standard deviation, IQR=interquartile range.

Table 3.2 describes perinatal details of the twins. On average, there was no difference
between birth weight (t=0.69, p=0.49), length (t=-0.71, p=0.48) or head circumference (t=0.66,
p=0.51) of first- and second born twins. Notably, the standard deviation for length at birth for
first-born twins was three times larger than that of second-born twins. This could reflect the
inaccuracy of the measurements due to time pressure in the delivery room. Although there
was no large variation in head circumference measurements in the current sample, several
delivery suite midwives have expressed their concerns about the precision of these
measurements for the same reason as length. Because the accuracy of length and head
circumference at birth has not yet been verified, these measurements will not be used in
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further analyses in this thesis. Median Apgar scores at 1 and 5 minutes were above 7 for both
twins – which is considered good – and less than half of the deliveries were by emergency
caesarean section (45%). When looking at immediate neonatal problems, a higher proportion
of second-born twins needed resuscitation (25%). Of the twins that were admitted to specialist
hospital wards after birth, over 75% were admitted to the lowest level of special care wards,
compared with 17-21% that was admitted to the intensive care unit (highest level of care).

3.5.2

Growth scans

Data from antenatal growth scans of 180 twin pairs can be found in Table 3.3. The earliest
available scan was at 13 weeks, which is in line with the antenatal appointment schedule of
booking around 12 weeks and regular appointments from 16 weeks onwards: every fortnight
for monochorionic pregnancies and every month for dichorionic pregnancies. The majority of
mothers had about 6 scans, while two mothers had 12 scans throughout the entire pregnancy
up to an average of 35.9 weeks.
Overall, growth was observed over time for all measurements, with foetal weights at 36
weeks estimated to be a little over 2600 grams. Both twins were about the same size on most
measurements. However, twin 1 had a significantly larger biparietal diameter at 20 (t=2.03,
p=0.02), 21 (t=1.80, p=0.04), 28 (t=2.39, p=0.01) and 29 (t=1.84, p=0.04) weeks of gestation.
Foetal position made it impossible to take all measurements at some appointments, which
have led to inconsistent sample sizes for measurements at each individual scan.
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Table 3.3 Sample size (N) and average antenatal growth measurements for each twin at gestations between 13 and 37 weeks.
Gestational*age
13#weeks
N
Mean%(SD)

Biparietal*diameter*(mm)
Twin%1
Twin%2

Head*circumference*(mm)
Twin%1
Twin%2

Femur*length*(mm)
Twin%1
Twin%2

Abdominal*circumference*(mm)
Twin%1
Twin%2

Estimated*fetal*weight*(grams)
Twin%1
Twin%2

11
24.0%(1.3)

12
23.7%(2)

8
87.9%(3.2)

8
87.7%(5.4)

6
10.6%(0.9)

5
10.2%(0.4)

2
68.5%(6.4)

2
68.8%(10.1)

0
%%%%%%%%%.%(%%%%%%%%%.)

0
%%%%%%%%%.%(%%%%%%%%%.)

8
26.6%(1.9)

8
26.9%(1.8)

9
100.8%(5.6)

9
102%(4.3)

7
15.1%(1.9)

7
15.1%(2.3)

3
89.3%(6.4)

3
86.7%(8.7)

1
121.0%(%%%%%%%%%.)

1
124.0%(%%%%%%%%%.)

20
30.3%(1.6)

19
30.8%(1.9)

20
112.4%(6.1)

19
114.7%(6.0)

19
16.7%(1.9)

19
16.9%(1.4)

11
93.7%(6.9)

10
97.4%(7.2)

4
126.5%(11)

4
130.5%(8.5)

23
35.5%(2.6)

23
34.9%(2.4)

33
128.4%(5.9)

33
126.9%(8.4)

31
20.3%(1.4)

32
20.6%(1.6)

26
106.5%(7.2)

26
106.1%(7.7)

11
153.9%(13.9)

11
152.2%(21.5)

20
38.6%(2.2)

20
37.6%(2.2)

22
139.9%(6.7)

21
137.7%(6.4)

21
23.6%(1.5)

21
23.3%(1.5)

12
116.9%(4.3)

12
113.0%(7.3)

2
192.0%(28.3)

2
194.5%(13.4)

18
41.4%(1.9)

18
41.3%(1.5)

27
152.6%(6.4)

27
151.5%(5.0)

27
26.8%(1.9)

28
26.6%(1.7)

19
123.4%(24.6)

18
129.6%(7.6)

11
234.5%(23.4)

11
235.7%(25.1)

33
45.9%(2.2)

33
45.1%(2.2)

34
168.7%(7.4)

34
167.2%(7.6)

34
30.1%(1.8)

34
29.7%(1.8)

25
142.5%(8.7)

26
140.1%(8.6)

2
289.0%(14.1)

2
260.5%(2.1)

118
48.4%(2.4)

120
47.8%(2.3)

120
177.9%(8.1)

122
176.7%(6.6)

122
32.5%(2.0)

120
32.7%(1.5)

70
152.7%(9.4)

70
153.0%(8.2)

37
341.1%(44.4)

35
341.0%(31.6)

14#weeks
N
Mean%(SD)
15#weeks
N
Mean%(SD)
16#weeks
N
Mean%(SD)
17#weeks
N
Mean%(SD)
18#weeks
N
Mean%(SD)
19#weeks
N
Mean%(SD)
20#weeks
N
Mean%(SD)

N=Sample size, SD=standard deviation, mm=millimetres.
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Table 3.3 (continued). Sample size (N) and average antenatal growth measurements for each twin at gestations between 13 and 37 weeks.
Gestational*age
21#weeks
N
Mean%(SD)

Biparietal*diameter*(mm)
Twin%1
Twin%2

Head*circumference*(mm)
Twin%1
Twin%2

Femur*length*(mm)
Twin%1
Twin%2

Abdominal*circumference*(mm)
Twin%1
Twin%2

Estimated*fetal*weight*(grams)
Twin%1
Twin%2

30
51.4%(2.7)

29
50.2%(2.5)

34
184.0%(30.3)

32
188.3%(7.4)

32
35.4%(1.9)

33
36.1%(5.3)

25
162.6%(9.6)

25
163.4%(11.2)

17
409.1%(41.6)

17
401.0%(40.5)

18
53.7%(2.7)

17
52.4%(2.4)

29
198.9%(10.1)

30
197.5%(7.0)

31
37.7%(1.7)

31
38.5%(2.1)

31
173.1%(10.5)

31
174.2%(8.6)

28
478.7%(55.6)

29
489.7%(51.7)

11
58.4%(3.4)

10
57.4%(2.1)

40
39
216.4%(11.2) 266.9%(33.8)

41
41.6%(2.6)

39
41.0%(2.4)

41
189.3%(11.5)

39
188.3%(11.5)

41
618.6%(95.9)

39
600.4%(84.0)

21
60.3%(2.3)

21
59.0%(2.3)

93
220.0%(34.3)

94
222.4%(7.5)

94
43.6%(2.1)

94
43.8%(2.2)

94
198.8%(10.4)

94
199.3%(9.9)

94
697.5%(78.6)

94
702.1%(74.6)

8
63.1%(3.1)

8
61.5%(3.4)

27
229.4%(18.0)

30
232.2%(8.0)

30
45.9%(1.9)

30
45.8%(2.6)

30
209.2%(8.0)

30
208.5%(11.5)

30
806%(74.3)

30
799.1%(98.5)

9
64.5%(3.0)

8
64.6%(3.2)

31
237%(40.4)

37
241.6%(11.2)

37
48.0%(2.5)

37
46.6%(8.0)

37
218%(10.7)

37
216.8%(13.5)

37
919%(104.1)

37
904.2%(131.2)

7
68.8%(2.8)

7
67.0%(3.4)

37
256.8%(8.0)

39
254.4%(11.0)

42
51.0%(2.3)

42
50.5%(2.8)

42
230.5%(10.1)

42
229.2%(11.5)

42
42
1086.3%(110.7) 1057.1%(123.0)

17
71.7%(2.3)

17
69.4%(3)

108
108
58.8%(48.5) 54.7%(20.3)

108
240.0%(12.2)

108
239.6%(24.7)

108
108
1200.9%(169.8) 1218.6%(141.9)

22#weeks
N
Mean%(SD)
23#weeks
N
Mean%(SD)
24#weeks
N
Mean%(SD)
25#weeks
N
Mean%(SD)
26#weeks
N
Mean%(SD)
27#weeks
N
Mean%(SD)
28#weeks
N
Mean%(SD)

95
106
262.4%(22.7) 260.9%(22.5)

N=Sample size, SD=standard deviation, mm=millimetres.
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Table 3.3 (continued). Sample size (N) and average antenatal growth measurements for each twin at gestations between 13 and 37 weeks.
Gestational*age
29#weeks
N
Mean%(SD)

Biparietal*diameter*(mm)
Twin%1
Twin%2

Head*circumference*(mm)
Twin%1
Twin%2

Femur*length*(mm)
Twin%1
Twin%2

Abdominal*circumference*(mm)
Twin%1
Twin%2

Estimated*fetal*weight*(grams)
Twin%1
Twin%2

8
73.6%(1.5)

9
72.1%(1.8)

34
274.9%(6.9)

39
275.1%(9.4)

39
53.8%(7.9)

38
55.1%(2.6)

39
252.0%(15.6)

39
252.1%(12.0)

39
38
1398.3%(190.3) 1394.2%(161.7)

10
76.6%(2.0)

11
74.5%(3)

28
281.1%(9.9)

34
278.7%(12.0)

36
56.3%(3.2)

36
57.2%(2.9)

36
254.9%(14.4)

36
256.7%(14.7)

35
36
1476.6%(196) 1504.2%(203.0)

7
78.5%(4.8)

8
77.7%(5.9)

48
53
285.5%(39.2) 284.7%(37.5)

55
59.2%(3.0)

54
58.4%(2.7)

55
268.7%(16.9)

55
270.8%(15.0)

55
54
1692.3%(331.2) 1711.4%(229.2)

17
80.8%(2.5)

18
79.4%(2.8)

72
296.9%(12.4)

88
297.3%(9.0)

92
60.7%(2.8)

95
61.3%(2.6)

93
278.0%(14.2)

95
281.3%(14.8)

93
95
1878.4%(226.9) 1929.5%(221.2)

4
82.5%(6.0)

4
80.0%(5.7)

24
32
294.3%(56.7) 302.8%(11.3)

35
63.9%(3.0)

35
63.1%(2.4)

35
287.6%(16.6)

35
290.4%(16.7)

35
35
2127.2%(271.1) 2113.3%(265.8)

9
86.7%(3.7)

9
82.7%(6.6)

39
45
310.4%(10.5) 310.7%(11.9)

49
64.9%(2.6)

49
64.5%(2.7)

49
293.6%(16.1)

48
293.4%(14.8)

49
48
2242.6%(259.6) 2217.8%(250.9)

10
87.5%(4.0)

8
86.8%(3.7)

37
319.5%(8.2)

44
318.0%(8.4)

51
67.7%(5.0)

51
66.9%(2.6)

51
305.6%(23.6)

51
310.5%(16.4)

51
51
2495.6%(445.7) 2561.7%(271.9)

4
88.6%(3.2)

4
88.4%(1.5)

37
324.9%(9.8)

48
322.1%(11.5)

53
67.3%(2.7)

52
67.7%(2.9)

53
314.6%(15.5)

53
313.8%(15.6)

53
52
2673.4%(303.6) 2649.5%(282.9)

1
2
87.0%(%%%%%%%%%.) 88.8%(1.1)

8
324.1%(8.3)

11
324.6%(9.3)

12
69.7%(3.1)

12
69.5%(2.6)

12
323.4%(16.7)

12
343.1%(89.1)

12
12
2882.0%(310.3) 2789.1%(266.5)

30#weeks
N
Mean%(SD)
31#weeks
N
Mean%(SD)
32#weeks
N
Mean%(SD)
33#weeks
N
Mean%(SD)
34#weeks
N
Mean%(SD)
35#weeks
N
Mean%(SD)
36#weeks
N
Mean%(SD)
37#weeks
N
Mean%(SD)

N=Sample size, SD=standard deviation, mm=millimetres.
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3.6 Follow-up data
Data collection ceased on 17th July 2011. Postnatal response rates at this time can be found in
Table 3.1. The ASQ-3 was introduced in March 2009. Therefore, the first 10 families were
ineligible for the ASQ-3 at 3 and/or 6 months. Five families changed their contact details
without notifying us, leaving them eligible but unable to contribute to further data collection.
Generally, about 50% of the eligible families returned their questionnaires before 17th July
2011. 40% of the eligible families attended the 3-month antenatal clinic appointment before
this date, with a decline in attendance towards the age of 24 months (15%).

3.6.1

Parental occupation

Parental occupation was not always completed in the questionnaires. However, in general,
mothers in paid employment antenatally, resumed work after 12 months. Fathers were
generally in paid employment throughout the entire follow-up period.

3.6.2

Twins

As mentioned in Chapter 2, zygosity was determined based on chorionicity and gender, DNA
genotyping and a zygosity questionnaire. Only 8% of the twin pairs could not be identified by
any other means than the zygosity questionnaire. There was a good agreement between the
questionnaire and zygosity determination by chorionity, gender and DNA genotyping
(kappa=0.74). The questionnaire had a positive predictive value of 0.79, sensitivity of 0.90
and specificity of 0.87.
Table 3.4 provides details of follow-up data collected for the twins. The ASQ-3 was
completed at each follow-up from 3 months onwards, whereas postnatal measurements and
data from the parental questionnaires were collected at every follow-up except for 1.5 and 6
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months. Data is presented for first and second born twins. A description of ASQ-3 scores of
monozygotic and dizygotic twins is provided in Chapters 4-6 in which the relationships
between ante-, peri- and postnatal factors and developmental skills are described.

47

Table 3.4 Sample size (N), means and standard deviations (SD) for first and second born twins’ (displayed as ‘N twin 1 / N twin 2’ etc.) physical growth and
developmental skills over a 2-year period.
N

3"months
Mean

SD

N

6"months
Mean

SD

N

9"months
Mean

SD

41+/+42
41+/+42
40+/+42
40+/+42
40+/+42

39.3+/+41.4
42.6+/+38.5
27.2+/+29.3
31.2+/+29.2
36.5+/+34

13.9+/+14.5
10.6+/+11.4
12.1+/+14.3
12.7+/+15.1
13.5+/+15.1

62+/+62
61+/+62
62+/+62
62+/+62
62+/+62

44.2+/+46.9
28.9+/+30.5
37.7+/+38.1
41.5+/+41.5
34.1+/+36.5

11.3+/+11.2
14.3+/+15.5
17.4+/+17.7
15.9+/+15.7
15.7+/+16.6

55+/+55
55+/+55
55+/+55
55+/+55
55+/+55

36.1+/+36
28.3+/+29.6
46.4+/+47.6
39.9+/+41
38.7+/+39.5

14.5+/+15.6
17.2+/+17.3
15.3+/+14.4
17.8+/+15.3
13+/+13.6

Weight-(kg)
Length-(cm)
Head-circumference-(cm)
Mid?upper-arm-circumference-(cm)
Skinfold-thickness-?-Triceps-(mm)
Skinfold-thickness-?-Subscapula-(mm)

64+/+64
65+/+65
66+/+66
66+/+65
64+/+63
66+/+66

5.7+/+5.8
59.9+/+60.9
40.4+/+40.4
12.7+/+12.7
9.6+/+9.8
7.8+/+7.7

1.1+/+1.4
8+/+4
1.9+/+1.8
1.2+/+1.1
1.8+/+1.6
1.6+/+1.5

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

55+/+55
55+/+55
55+/+55
55+/+55
55+/+55
55+/+54

8.3+/+8.4
71.9+/+72.4
44.4+/+44.9
14.2+/+14.3
9.9+/+10.5
7+/+7.3

1+/+1.2
3+/+3.3
4.3+/+1.6
1.1+/+1.3
1.8+/+2.3
2.1+/+2.3

Gestational-age-at-follow?up-(weeks)

66

Median+
12

IQR
10E14

.

Median+
.

IQR
.

55

Median+
37

IQR
35E39

Ages+and+Stages+Questionnaires
Communication
Gross-motor
Fine-motor
Problem-solving
Personal-social
Anthropometric+measurements+

kg=kilograms, cm=centimetres, mm=millimetres, IQR=interquartile range.
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Table 3.4 (continued). Sample size (N), means and standard deviations (SD) for first and second born twins’ (displayed as ‘N twin 1 / N twin 2’ etc.) physical
growth and developmental skills over a 2-year period.

Ages+and+Stages+Questionnaires
Communication
Gross-motor
Fine-motor
Problem-solving
Personal-social

N

12"months
Mean

SD

N

18"months
Mean

SD

N

24"months
Mean

SD

58+/+58
58+/+58
58+/+58
58+/+58
58+/+58

42.5+/+44.1
34.8+/+37.9
50.3+/+49.1
43.6+/+43.4
42.4+/+41

13.7+/+14.1
21.1+/+22.1
11+/+14.6
15.4+/+15.6
13.9+/+15.4

37+/+37
37+/+37
37+/+37
37+/+37
37+/+37

39.3+/+38.2
52.8+/+54.2
52.6+/+51.4
43.2+/+42.6
45.3+/+43.6

14+/+17.4
13.7+/+12.6
10.6+/+12.3
12.8+/+14.5
10.8+/+14.3

25+/+25
25+/+25
25+/+25
25+/+25
25+/+25

49.2+/+48.8
54.8+/+52.8
51.8+/+51.6
46.8+/+45.8
45.6+/+46

15.2+/+17.1
11+/+13.4
7.3+/+10.6
11+/+15.5
11.6+/+12.4

32+/+32
32+/+32
32+/+32
32+/+32
32+/+32
32+/+32

9.3+/+9.4
76.1+/+76.2
46.2+/+46.4
15.6+/+14.7
10+/+10.3
7+/+7.4

1+/+1.1
2.9+/+2.8
1+/+1.4
5.6+/+1.3
2.1+/+2.1
1.5+/+2.1

25+/+25
25+/+25
25+/+25
25+/+25
25+/+25
25+/+25

10.7+/+10.8
82.5+/+83.4
47.7+/+46.2
15.4+/+15.1
9.2+/+10.7
7.2+/+7.4

1.3+/+1.2
4+/+3.5
1.5+/+6.8
1.2+/+1.3
1.5+/+8.3
2.2+/+2.5

19+/+18
18+/+18
19+/+18
19+/+18
19+/+18
19+/+18

11.8+/+11.7
88.2+/+87.7
48.4+/+48
15.1+/+15.3
9.8+/+9.7
9.8+/+6.3

1.4+/+1.5
3.8+/+3.4
2.1+/+2.1
0.9+/+1
1.7+/+1.5
15.6+/+1

32

Median+
51

IQR
49F57

25

Median+
78

IQR
75F80

19

Median+
103

IQR
100F106

Anthropometric+measurements+
Weight-(kg)
Length-(cm)
Head-circumference-(cm)
Mid?upper-arm-circumference-(cm)
Skinfold-thickness-?-Triceps-(mm)
Skinfold-thickness-?-Subscapula-(mm)

Gestational-age-at-follow?up-(weeks)

kg=kilograms, cm=centimetres, mm=millimetres, IQR=Interquartile range.
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CHAPTER 4
DEVELOPMENTAL SKILLS OF TWINS IN
THE FIRST TWO YEARS OF LIFE
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“My older son smiled a lot earlier than the twins. They don’t seem to communicate with you
at all, unless they want something, and then they’ll cry.” – BiRTHS parent

4.1 Abstract
Background: Low birth weight and low 5-minute Apgar scores have been associated with
developmental delay, while older maternal age is a protective factor. Little is known about
trajectories and predictors of developmental skills in infant twins, who are generally born with
lower birth weights, lower Apgar scores and to older mothers.
Methods: Developmental skills were assessed at 3, 6, 9, 12, 18 and 24 months using the Ages
and Stages Questionnaires in 152 individual twins from the Birmingham Registry for Twin
and Heritability Studies. Multilevel spline and linear regression models (adjusted for
gestational age, gender, maternal age) were used to estimate developmental trajectories and
the associations between birth weight, maternal age and Apgar scores on developmental skills.
Results: Twins performed worse than singletons on communication, gross motor, fine motor,
problem solving and personal-social skills (p<0.001). Twins caught up around 6 months,
except on gross motor skills, which did not catch up until after the age of 12 months. A oneyear increase in maternal age was significantly associated with decreases in gross motor and
personal-social z-scores of up to -0.09, whereas one unit increases in Apgar score increased zscores up to 0.90 (p<0.01).
Conclusions: Healthy twins should be considered at a higher risk for developmental delay.
Whether these results are comparable to preterm singletons, or whether there are twin-specific
issues involved, should be further investigated in a study that uses a matched singleton control
group and has more (longitudinal) data.
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4.2 Introduction
Comparisons between children are made frequently. Informally, parents compare the physical
and psychological development of their infants with that of older children they know or
children of their own. Often, parents in BiRTHS would express to me how concerned they
were about the apparent developmental delay of one or both twins compared with other
(usually singleton) children they had seen. During formal assessments, whether at school or in
a professional developmental health setting, children are compared with a control or norm
group that is considered to develop normally for their age. Aside from physical development,
developmental skills in the field of psychology can fall roughly into four categories: cognitive,
communicative, social and emotional, and psychomotor development.
Cognitive development86 is the ability to learn (e.g. exploring the environment during infancy)
and problem solve (e.g. putting toys in a box). These skills are closely related to the frontal
lobe of the brain and are sometimes referred to as executive functions. An example of a
common test, which assesses these skills, is the intelligence test. Communicative
development87 is the ability to appropriately use and understand language. In infancy, this
could be recognising simple words for colours and animals. At school age, correct use of full
sentences might be expected.
Social and emotional development88 refers to the ability to interact with others (e.g. smiling
when played with) and to understand social rules (e.g. playing simple games). Finally,
psychomotor development89 is a combination of gross (e.g. sitting independently) and fine
motor (e.g. picking up a small toy) skills. Most of these skills will become intrinsic later in
life. For example, there is no need for us to think about how to walk or how to sit anymore.
Children are expected to have reached developmental milestones within certain age windows.
For example, most children will have learned how to walk independently between 12 and 24
months90. Guidelines like these are used as a basis for developmental assessment tools,
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including the Ages and Stages Questionnaire (ASQ-3)91,
Developmental Status92,

93

92

, Parents Evaluations of

, Bayley Scales of Infant Development94 and Griffiths Mental

Development Scales95. Generally, normative groups for formal assessments, such as these,
consist of healthy singletons. Sutcliffe and Derom (2006)96 addressed the question whether
twins can be directly compared with singletons. Even when otherwise physically healthy,
twins are likely to be born at earlier gestations and with lower birth weights. These two
factors have been related to developmental delay and later cognitive skills as introduced in
§1.6 and further defined below. Not only is it important for health care professionals and
researchers to learn more about the development of twins, it is essential for parents to be
provided with more twin-specific information. The following paragraphs describe the current
knowledge of development and delays in the four developmental categories.

4.2.1

Cognitive development

Previous studies of intelligence quotients (IQ) of children between 2 and 15 years97-99 have
concluded that twins do indeed have lower IQ scores compared with singletons of the same
age. However, a Dutch study of twins and their singleton siblings found no differences in IQ
scores at adult age100. Shorter gestations, lower birth weights54 and lower socioeconomic
status5, 56, 101 have been previously related to lower IQ scores in both singletons as well as
twins. Aside from IQ, general developmental delay at the age of 2 years has been related to
low Apgar scores (<7)36,

102

. Little is known about how the aforementioned birth

characteristics affect basic developmental skills in twins. Because basic developmental skills
mediate cognitive abilities at older ages103, it is important to investigate risk factors for
developmental delay at the earliest possible stage to prevent any further delays at school age.
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4.2.2

Communicative development

Low birth weight54 and being male104 have been found to have a significant negative effect on
language development in singletons. However, Rutter et al. (2003)105 suggest that obstetric
and perinatal factors do not play a significant role in the apparent mild language delay (as
suggested with regard to cognitive ability) of twins and emphasise the need to look for other
potential causes. In her review, Thorpe (2006)106 states that twins – boys in particular – have a
higher risk of mild language delays, which normally disappear in middle childhood. Finally,
she concludes that postnatal environmental factors are most likely to be the cause of language
delay in twins. Socioeconomic status has not been found to have an effect on communicative
development in singletons at 18 months104, while a large twin study has found it to
significantly affect verbal skills at 3 and 4 years107. Maternal age has been suggested to be a
mediator of child development108. There seems to be a diversity of possible risk factors for
communicative delays in twins. Similar to cognitive development, little is known about
communicative skills in early infancy of twins. Because early communicative skills are an
indicator of language acquisition109,

110

, it is important to determine any risk factors for

developmental delay. Therefore, the effect of obstetric, perinatal and postnatal factors on
communicative development in early infancy needs to be clarified, and the influence of
maternal age needs to be further investigated.

4.2.3

Social and emotional development

In studies of singletons, social and emotional problems have been related to low birth weight,
gestational age55, lower socioeconomic status56, 101 and parenting style101. Older maternal age
seems to be a protective factor for problem behaviour in both singletons and twins111.
Additionally, it has been suggested that children with general developmental delay (delays in
at least 2 developmental areas) show less activity participation compared with their peers due
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to impaired social and motor skills112. In order to prevent problems in the social and
emotional domain, and subsequent issues in social situations, it is important to better
understand the effect of the abovementioned risk factors on social and emotional development
at a very early age. The little available information about the social and emotional
development of twins warrants for further research, especially because low birth weight,
shorter gestations and older maternal age are particularly prevalent in twin pregnancies
(Chapter 1).

4.2.4

Psychomotor development

Motor skills have been argued to be the basis for the development of communicative skills113.
Twins with low birth weight have shown significant motor delays at 9 months and 2 years54,
and achieve motor milestones (e.g. rolling over and walking) at a later age compared with
singleton children114. According to singleton research, socioeconomic status56, 115, low birth
weight116 and gestational age55, 117, 118 significantly influence motor skills. Preterm infants
with appropriate weight-for-gestation seem to have different gross motor developmental
trajectories compared with term infants in the first 18 months of life60. Earlier attainment of
gross motor milestones has been associated with better performance on categorisation scales
during assessments of executive functioning in adulthood119. Furthermore, it has been
suggested that fine motor skills at 9, 18 and 24 months are strong predictors of later
intellectual functioning118 and general academic achievements at school age59, 117. Research
also suggests that motor development may be more sensitive to prematurity than other
developmental skills58. It is important to investigate its effect on motor skills in twins, who
are generally born premature compared with singletons.
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4.2.5

Rationale of this chapter

According to the abovementioned studies, low birth weight, shorter gestations, low
socioeconomic status, older maternal age, parenting style, and low Apgar scores are related to
the delay of cognitive, communicative, social-emotional and psychomotor skills in singletons.
Most of these risk factors are also related to twin pregnancies (Chapter 1), suggesting that
twin pregnancies could be an additional risk factor for developmental delays. Although some
studies report catch-up of motor skills in preterm children within the first 2 years57, 60 and of
communicative skills in middle childhood106, none (to my knowledge) studied delays in
communicative and social-emotional domains. Because previous studies have mainly focused
on risk factors for developmental delay after the first 2 years and the basic developmental
skills are important for later cognitive abilities59, 103, 117, 118, there is a gap of knowledge in the
published literature, especially in the field of twin research.

4.2.6

Aims of this chapter

This chapter aims to:
•

describe developmental trajectories of healthy twins between the ages of 3 and 24
months.

•

explore the age at which twins catch-up to existing developmental singleton-based
standards.

•

investigate the effect of birth weight, maternal age and Apgar score on developmental
skills in the first 2 years in order to determine whether these factors have similar
effects as have been found in most previous research or no effect at all as reported by
Rutter (2003)105.
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The term ‘catch-up’ in this chapter is defined as age-appropriate performance on
developmental assessment of children, who initially showed developmental delays compared
with their peers.

4.3 Methods
4.3.1

Study design and participants

Participants were part of the Birmingham Registry for Twin and Heritability Studies
(BiRTHS)120. Pregnant mothers, who were between 12 and 28 weeks of gestation, were
recruited from specialist multiples clinics in three Birmingham (UK) hospitals between 4th
August 2008 and 15th July 2011. Upon joining the registry, parents were asked to complete a
questionnaire with which demographic, lifestyle and social support details were collected.
After the twins were born, follow-up questionnaires about the twins’ development were sent
to parents at 3, 6, 9, 12, 18 and 24 months. Finally, maternal medical history and delivery
details were extracted from maternal medical records.
For the purpose of the analyses described in this chapter, families were selected from the
BiRTHS cohort if delivery details were available and at least one of the six follow-up
questionnaires were completed.

4.3.2

Materials

Maternal medical records provided data on gender, Apgar scores and birth anthropometry.
Maternal age and ethnic background were extracted from the antenatal parental questionnaire.
Developmental skills at 3, 6, 9, 12, 18 and 24 months were assessed with the ASQ-391, 92, a
standardised screening tool for developmental delays in communicative, gross motor, fine
motor, problem solving and personal-social skills (Chapter 2).
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Scoring the ASQ-3
Each subscale of the ASQ-3 consists of six questions, which parents answer with ‘yes’,
‘sometimes’ or ‘not yet’. These answers correspond with scores of 10 for ‘yes’, 5 for
‘sometimes’ and 0 for ‘not yet’, resulting in a range of scores between 0 and 60 for each
subscale. Clinical cut-off scores are provided with the ASQ-3 set and based on a norm sample
of healthy singletons, who were born at 40 weeks83. Based on the clinical cut-off scores, there
are three categories in which a child can be placed: ‘normal development’ (above -1SD),
‘cause for concern and further monitoring needed’ (between 1 and 2 standard deviations
below the mean) and ‘referral for further developmental assessment needed’ (more than 2
standard deviations below the mean).

4.3.3

Statistical analyses

Descriptive data
All analyses were performed in STATA 11 (StataCorp, 2009)85. Raw ASQ-3 scores were
converted into z-scores using the norm sample mean, -1SD (1 standard deviation below mean)
and -2SD (2 standard deviations below mean) cut-off scores and their given standard
deviations for each questionnaire. T-tests were performed to investigate differences between
twins’ raw ASQ-3 scores and scores of the singleton norm sample.

Developmental trajectories
For this longitudinal approach to investigate initial developmental delays and catch-up,
exploratory analyses showed nonlinear patterns for developmental skills over time. Therefore,
multilevel spline regression models121 were used in which repeated measures within each
person and relatedness of twins were included as random effects in nested levels.
Confounders that were included in the fixed part of the model were gestational age at birth,
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gender and maternal age. Predicted values from these models were used to graphically display
the nonlinear developmental trajectories for each ASQ-3 subscale.

Determinants of developmental skills
Cross-sectional multilevel linear regression analyses were performed to investigate the
associations between birth weight, maternal age and Apgar scores at 5 minutes on the ASQ-3
subscales at each follow-up. Although twins were considered individuals in these analyses,
their relatedness was taken into account by including this in a nested level as a random effect.
Adjustments for gestational age at birth and gender were included in the fixed portion of the
model, and results were considered statistically significant at α=0.01 due to multiple testing.

4.4 Results
4.4.1

Participants

A total of 152 healthy individual twins from BiRTHS (Chapter 2-3) were included. Only one
follow-up was available for 33 twins (22%), two follow-ups for 18 twins (12%), three followups for 43 twins (28%), four follow-ups for 28 twins (18%), five follow-ups for 26 twins
(17%) and parents for 4 twins (3%) completed all six follow-up questionnaires.
The median gestational age at birth was 37 weeks, ranging from 26 to 39 weeks. Mothers’
average age at delivery was 31.9 years (standard deviation (SD)=5.5). 87% of parents were
White. Mean birth weight was 2.3 kilograms (kg; SD=0.5) with median Apgar score of 9
(range: 4-10).
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4.4.2

Descriptive data

Significant differences with the singleton norm group were present for mean scores on gross
motor, problem solving and personal-social subscales at 3, 6, 9 and 12 months (p<0.001;
Table 4.1). Scores on the communication and fine motor subscales were significantly lower
than the norm group mean scores at 3, 6 and 9 months (p<0.001). Furthermore, twins’
performance on fine motor and personal-social skills at 3 months, and gross motor skills at 3
and 6 months, fell below the -1SD cut-off score (p<0.001). Problem solving skills at 3 months
were significantly worse than the -2SD cut-off score (t=-2.43, p=0.01).

Table 4.1 Means and z-scores for ASQ-3 subscales at each follow-up between 3 and 24 months.
Communication
3-months-(N-=-66)
Mean%(SD) 42.82-(13.61)*
z+score%(SD) 51.18-(1.54)

Gross-motor

Fine-motor

Problem-solving

Personal5social

40.15-(11.67)*
51.79-(1.44)

28.47-(14.28)*
52.11-(1.30)

30.46-(14.97)*
52.48-(1.59)

35.31-(14.97)*
51.77-(1.60)

6-months-(N-=-96)
Mean%(SD) 46.00-(11.25)*
z+score%(SD) 50.30-(1.17)

29.74-(14.74)*
51.36-(1.26)

38.75-(17.49)*
50.86-(1.47)

42.97-(15.54)*
50.66-(1.37)

36.35-(16.25)*
51.04-(1.42)

9-months-(N-=-90)
Mean%(SD) 35.83-(14.65)*
z+score%(SD) 50.22-(1.19)

29.39-(16.74)*
51.20-(1.16)

47.00-(15.19)*
50.51-(1.45)

41.50-(16.83)*
50.77-(1.62)

39.78-(13.34)*
50.23-(1.13)

12-months-(N-=-100)
Mean%(SD)
z+score%(SD)

44.15-(14.32)
0.07-(1.04)

36.65-(21.73)*
50.93-(1.53)

50.50-(12.30)
50.19-(1.39)

45.66-(14.70)*
50.31-(1.36)

43.15-(14.71)*
50.22-(1.23)

18-months-(N-=-67)
Mean%(SD)
z+score%(SD)

40.30-(15.05)
50.14-(1.03)

54.03-(12.92)
50.16-(1.43)

53.06-(10.37)
0.07-(1.14)

44.40-(12.81)
50.16-(1.26)

46.04-(11.20)
50.18-(1.08)

24-months-(N-=-45)
Mean%(SD) 51.44-(14.45)
54.22-(12.48)
52.00-(9.32)
46.67-(13.78)
46.67-(11.92)
z+score%(SD)
0.02-(1.11)
50.06-(1.50)
0.04-(1.13)
50.28-(1.40)
50.46-(1.22)
Raw-score-for-all-ASQ53-subscales-range-from-0-to-60,-z5scores-are-based-on-singleton-population-means-andstandard-deviations-for-each-age-and-subscale.-Significant-differences-with-the-norm-scores-are-displayed-with*p<0.001.
ASQ53=Ages-and-Stages-Questionnaires-(3rd-edition),-N=sample-size,-SD=standard-deviation.-
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4.4.3

Developmental trajectories

Figure 4.1 shows the developmental trajectories based on median ASQ-3 z-scores, adjusted
for gender, gestational age at birth and maternal age. As described earlier in the crosssectional descriptive data, it confirms overall improvement in communication, gross motor,
fine motor, problem solving and personal-social skills between 3 and 24 months. Scores at 3
months were well below -1SD for all subscales, except for communication. Twins caught up
to the singleton norm group by the age of 6 months on fine motor and problem solving skills.
Catch-up for personal-social and gross motor skills was not seen until 9 and 18 months,
respectively.

Figure 4.1 Developmental trajectories of healthy twins from 3 to 24 months, as assessed by the Ages
and Stages Questionnaires (3rd edition). Data are adjusted for gestational age at birth, gender and
maternal age.
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When stratified by birth weight, Apgar score, gender and maternal age categories (above or
below mean/median), it was noticeable that even though no statistically significant differences
were found in mean scores between these groups, children with lower birth weight, lower
Apgar scores and higher maternal age generally had lower scores on all subscales throughout
the first two years (see Appendix V for graphs).

4.4.4

Determinants of developmental skills

Table 4.2 describes the effects of birth weight, Apgar score and maternal age on
developmental skills. Birth weight had no significant effect on developmental skills at p=0.01,
although there was a positive trend for higher birth weight and 6-month personal-social skills
(p=0.04).
A point increase in Apgar score was associated with a 0.81 increase in gross motor skills at 18
months (p<0.001) and a 0.90 increase at 24 months (p<0.01). Similar trends were found for
fine motor and problem solving at 24 months (p=0.02). Older maternal age, on the other hand,
seemed to have a predominantly negative effect on developmental skills. A one-year increase
in maternal age was associated with decreases on communication z-scores of 0.08 at 9 months
(p<0.01), 0.06 at 12 months (p<0.001), 0.05 at 18 months (p=0.04) and 0.06 at 24 months
(p=0.01). Similarly, older maternal age decreased problem solving by 0.09 at 9 months
(p=0.01) and by 0.07 at 24 months (p=0.01). Personal-social skill z-scores decreased by 0.07
at 9 months (p<0.01) for each year’s increase in maternal age. There were negative trends for
maternal age and 18-month communication, 12-month gross motor, 9- and 12-month fine
motor, and 3- and 12-month personal-social skills (p=0.04).
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Table 4.2 Increase in mean ASQ-3 z-scores for each additional kilogram (kg) in birth weight, year in
maternal age and point in Apgar score, displayed for each subscale at each follow-up between 3 and
24 months.
3 months (N = 66)
Coef. (95% CI)

6 months (N = 96)
Coef. (95% CI)

9 months (N = 90)
Coef. (95% CI)

12 months (N = 100)
Coef. (95% CI)

18 months (N = 67)
Coef. (95% CI)

24 months (N = 45)
Coef. (95% CI)

Communication
Birth weight (kg)
Maternal age (years)
Apgar at 5 minutes

0.70 (-0.20 - 1.61)
-0.02 (-0.10 - 0.06)
-0.48 (-0.99 - 0.03)

0.18 (-0.42 - 0.77)
-0.01 (-0.05 - 0.04)
-0.15 (-0.42 - 0.11)

0.40 (-0.17 - 0.98)
-0.08 (-0.13 - -0.03)**
0.04 (-0.13 - 0.40)

-0.22 (-0.76 - 0.33)
-0.06 (-0.1 - -0.03)***
0.21 (-0.02 - 0.43)

0.24 (-0.44 - 0.91)
-0.05 (-0.09 - 0.00)*
0.17 (-0.13 - 0.46)

0.31 (-0.65 - 1.27)
-0.06 (-0.12 - -0.01)**
0.26 (-0.21 - 0.73)

Gross motor
Birth weight (kg)
Maternal age (years)
Apgar at 5 minutes

0.25 (-0.57 - 1.08)
-0.02 (-0.10 - 0.05)
0.19 (-0.27 - 0.66)

0.35 (-0.31 - 1.00)
0.03 (-0.02 - 0.08)
-0.08 (-0.37 - 0.22)

0.35 (-0.24 - 0.93)
-0.05 (-0.10 - 0.01)
0.08 (-0.28 - 0.45)

0.00 (-0.81 - 0.82)
-0.06 (-0.11 - -0.01)**
0.14 (-0.20 - 0.48)

0.18 (-0.61 - 0.97)
-0.05 (-0.10 - 0.00)
0.81 (0.51 - 1.11)***

0.32 (-0.89 - 1.53)
-0.05 (-0.12 - 0.03)
0.90 (0.34 - 1.46)**

Fine motor
Birth weight (kg)
Maternal age (years)
Apgar at 5 minutes

-0.03 (-0.78 - 0.72)
-0.05 (-0.11 - 0.02)
0.15 (-0.27 - 0.58)

0.35 (-0.33 - 1.04)
-0.03 (-0.09 - 0.02)
-0.01 (-0.32 - 0.29)

0.15 (-0.51 - 0.80)
-0.06 (-0.12 - 0.00)*
0.15 (-0.26 - 0.55)

0.14 (-0.57 - 0.85)
-0.05 (-0.09 - 0.00)*
0.20 (-0.09 - 0.48)

0.23 (-0.51 - 0.97)
-0.05 (-0.09 - 0.00)
0.09 (-0.24 - 0.42)

-0.16 (-0.94 - 0.63)
-0.05 (-0.10 - 0.00)*
0.45 (0.07 - 0.83)*

Problem solving
Birth weight (kg)
Maternal age (years)
Apgar at 5 minutes

-0.33 (-1.21 - 0.54)
-0.03 (-0.12 - 0.05)
0.37 (-0.13 - 0.86)

0.27 (-0.33 - 0.87)
-0.03 (-0.08 - 0.02)
0.03 (-0.24 - 0.30)

0.32 (-0.39 - 1.04)
-0.09 (-0.15 - -0.02)**
-0.10 (-0.54 - 0.33)

-0.01 (-0.77 - 0.74)
-0.03 (-0.08 - 0.01)
-0.07 (-0.39 - 0.24)

-0.13 (-0.95 - 0.69)
-0.03 (-0.09 - 0.02)
0.08 (-0.29 - 0.44)

0.26 (-0.75 - 1.26)
-0.07 (-0.13 - -0.01)**
0.50 (0.02 - 0.98)*

Personal-social
Birth weight (kg) -0.32 (-1.22 - 0.58)
0.67 (0.02 - 1.32)*
0.23 (-0.29 - 0.75)
-0.18 (-0.82 - 0.46)
-0.19 (-0.97 - 0.60)
Maternal age (years) -0.09 (-0.18 - -0.01)* -0.02 (-0.07 - 0.03)
-0.07 (-0.11 - -0.02)**
-0.04 (-0.08 - 0.00)*
-0.02 (-0.06 - 0.03)
Apgar at 5 minutes
0.42 (-0.08 - 0.93)
-0.01 (-0.31 - 0.30)
0.08 (-0.24 - 0.41)
0.18 (-0.09 - 0.45)
-0.05 (-0.39 - 0.30)
All results are adjusted for gestational age at birth and gender. *p<0.05, **p<0.01, ***p<0.001.
ASQ-3=Ages and Stages Questionnaires (3rd edition), Coef. (95% CI)=regression coefficient (95% confidence interval).

0.52 (-0.45 - 1.49)
-0.05 (-0.11 - 0.00)
0.10 (-0.40 - 0.60)

4.5 Discussion
In this chapter, I have demonstrated that healthy twins score below the normal range on a
singleton-based assessment in the first year of life, even when prematurity was taken into
account. Furthermore, the findings suggest that maternal age, as opposed to birth weight and
5-minute Apgar scores, mostly influences developmental skills in infancy.

4.5.1

Twin-singleton differences

As expected, twin-singleton differences up to 9 months were found on all domains of the
ASQ-3. However, some studies have found that twin-singleton differences increase with
age105,

122, 123

, while I found the opposite. I did not find statistically significant gender

differences on communicative performance104, 106. Furthermore, studies of older twins found
within pair differences in developmental assessments122, 123, which were not found in the
current study. Differences between the age of the sample in this study and previous studies
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could explain these findings. Follow-up of the current sample would be needed to further
explore this possibility.

4.5.2

Developmental trajectories

The speed with which twins caught up with singletons varied per skill as well as age.
Performance on the communication subscale was the most stable over time, while scores for
gross motor skills were one of the last to reach a plateau. This could have been expected,
considering the vulnerability of psychomotor skills as described in §4.2.4 and findings of low
stability of motor skills from birth up to school age124, 125. Catch-up on all subscales, except
for gross motor skills, occurred before the age of 9 months, which is earlier than previous
studies have reported60, 106. It is most likely that this is due to the assessment in the studies,
which may measure slightly different aspects of each domain. Nevertheless, this study seems
to agree that healthy twins cannot be simply considered comparable to healthy singletons or
‘at-risk’ infants (e.g. born at <33 weeks gestation and <1500 grams birth weight) and seem to
follow a developmental path which is comparable to the ‘low-risk’ group consisting of
singletons born 33-37 weeks with normal birth weight and Apgar score >7, as describe by
Gasson and Piek (2003)57. Also, it seems that even within the group of healthy twins in
BiRTHS, a distinction might be made between ‘at-risk’ and ‘low-risk’ infants. It would
therefore be advisable for healthy twins to be considered as having a higher risk of
developmental delay within the first 2 years compared with healthy singletons. However,
comparisons with a matched singleton control group and ‘at-risk’ twins are needed to provide
more definitive conclusions. Also, considering the findings from this study and
aforementioned studies, it is likely that developmental skills have not fully stabilised by the
age of 24 months and further follow-up is needed to explore how these skills develop beyond
infancy into toddlerhood and early childhood.
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4.5.3

Determinants of developmental skills

Overall, older maternal age seemed to have a negative effect on developmental skills within
the first 24 months. This contradicts findings from previous studies in which these effects
disappear after the first year, as children have caught up57 and where maternal age has been
found to be a protective factor111. The lack of significant findings at younger ages may be due
to a delayed effect and the influence of the proposed predictor (maternal age in this case)
might become more apparent after the first two years, as reported by Goyen and Lui (2002)61.
Older mothers are more likely to return to work within the first year after birth126, and older
maternal age has been indirectly related to delayed motor and social development126, as well
as cognitive development at school age127, 128. Maternal age as a mediator for factors, such as
mother-child interaction129, educational level and maternal occupational commitments126,
could explain the contradictory findings in the current study. The effect of maternal age needs
to be further investigated by including postnatal maternal and mother-child factors.
Higher Apgar scores were advantageous for gross motor skills at 18 and 24 months. Again,
this contradicts findings from previous studies where effects had been found at younger ages57
and could be due to delayed effects, which would present themselves later in childhood61.
Compared with maternal age, Apgar score did not seem to have much influence on
developmental skills. This could be because there is simply no effect to be found, or that there
might be other perinatal factors that mediate the influence of Apgar scores130, 131.
Also contrary to previous studies54, 116, but in line with Rutter et al. (2003)105, results from the
current study show that birth weight has no or little effect on developmental scores throughout
the first 2 years. It is possible that this is because the current sample consisted of younger
children, compared with the aforementioned studies, and that effects will only become
noticeable at early adolescence132.
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4.5.4

Limitations

It is important to replicate the findings presented in this chapter with a sample in which
follow-up is more complete. Although sample size varied at each age, there were no
significant differences in average and range for birth weight, gestational age at birth and
maternal age at each follow-up. Nevertheless, a larger sample and a singleton control group
would be desirable to confirm the results in this chapter and to investigate whether there is
indeed a twin-singleton difference in predictors of developmental skills.
Further follow-up is also needed to determine within-twin pair difference beyond infancy and
the effect of environmental factors in childhood, such as twin-twin interaction123, type of
childcare and parent-infant interaction123,

129

. Particularly communicative skills could be

affected by parent-child and twin-twin interaction that is specific to raising young same-aged
children105.
Ethnicity was not included in my analyses, as the addition of ethnicity did not significantly
improve the regression model. However, previous studies have found that ethnicity influences
parents’ child rearing choices, which in turn have an effect on child development5, 129, 133. It
seems that ethnicity might indirectly influence child development through the
abovementioned environmental factors. As with twin-singleton and within twin pair
differences, these environmental influences could emerge later in life. It would be
recommendable for future studies to include ethnicity and environmental factors as potential
predictors of developmental skills.

4.5.5

Conclusion

Although the data in the current study did not allow for longitudinal analyses, healthy twins
did score below the normal range on current singleton norms for cognitive, communicative,
social and emotional, and psychomotor development at every follow-up in the first year of life.
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Considering the previous literature on the development of twins compared with singletons,
my finding that twins are delayed in early infancy seems to be reasonable. Whether these
results are comparable to preterm singletons, or whether there are twin-specific issues
involved, should be further investigated in a study that uses a matched singleton control group.
Nonetheless, twins should be considered at a higher risk for developmental delay and those
who formally assess the development of twins at this early age should be aware of this when
reporting their findings to parents. Birth weight and Apgar scores do not seem to be as
influential as maternal age at this stage, but may become more important later in life.
Similarly, further investigation is needed into environmental influences on child development
as they emerge at older ages.
Results should be confirmed by using more comprehensive assessments of child development
as well as possible influential factors. Moreover, a longer follow-up period and a larger, more
complete dataset are needed to further investigate long-term effects of perinatal, maternal and
environmental factors on child development, and determine when developmental skills fully
stabilise after 24 months.
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“She said that I am not feeding my twins, because they’re not growing enough and they
haven’t attempted crawling yet.” – BiRTHS parent about a health visitor

5.1 Abstract
Background: Antenatal head circumference is suggested to be a predictor of development in
singletons. Antenatal head circumference is known to be smaller in twins, potentially
increasing the risk of developmental delays, yet this has not yet been investigated. I aimed to
investigate the effect of head circumference size at on twins’ development in infancy.
Methods: Developmental skills of 117 individual twins from the Birmingham Registry for
Twin and Heritability Studies were assessed with the Ages and Stages Questionnaires at 3, 6,
9, 12, 18 and 24 months, for which z-scores were calculated. Head circumference was
obtained from antenatal ultrasound scans. Multilevel regression analyses, adjusted for
chorionicity, maternal age and gestational age at birth, were performed using head
circumference at 20, 28, 33 and 36 weeks gestation, and head circumference growth between
20-27, 28-32 and 33-36 weeks gestation.
Results: Head circumference size before 36 weeks gestation was not associated with
developmental skills at any follow-up age. A 1-millimetre increase above average 36-week
head circumference and 33-36 week head circumference growth were associated with
decreased gross motor and personal-social skills (p<0.01).
Conclusions: Findings in this chapter contradict previous studies. It is possible that 30 weeks
gestation (in previous studies) was not sufficiently late in pregnancy to observe any negative
associations with developmental skills. It is also possible that negative associations between
antenatal head circumference with developmental skills can be explained by insufficient
antenatal pruning of synapses.
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5.2 Introduction
In Chapter 4, I described the negligible effect of birth weight on early development in a twin
sample from BiRTHS. This contradicts previous findings of birth weight effects on later
cognitive development, as outlined in §4.1. In Chapter 1, I explained that antenatal growth of
twins is known to decrease compared with that of singletons from 28-32 weeks onwards24, 134136

, which (together with shorter gestations) generally results in lower birth weights compared

with healthy singletons49. In infancy, the effect of birth weight on developmental skills may
be obscured by a child’s antenatal wellbeing137. Together with vital functions such as heart
rate, antenatal growth is an important indicator of antenatal wellbeing. Although many studies
have approximated the relationship between antenatal growth and developmental skills by
using birth weight (Chapter 4), the actual relationship has not yet been investigated much.

5.2.1

Antenatal growth measurements

As described in Chapter 2, antenatal growth in twins is measured by ultrasound scan at
regular intervals: every 2 weeks from booking (~12 weeks) onwards in monochorionic
pregnancies and every month from 20 weeks gestation onwards in dichorionic pregnancies.
Standard measurements are biparietal diameter, head circumference, femur length and
abdominal circumference.
Biparietal diameter and abdominal circumference in twin pregnancies show significant
decreases in growth after about 32 weeks compared with singletons10, 138. Growth of head
circumference in twins decreases from approximately 26 weeks onwards139. Finally, femur
length throughout pregnancy is similar for twins and singletons138, 140. The growth difference
from singletons24,

134-136

makes twins an interesting study population as they could be at

higher risk for developmental delays compared with singletons.
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The growth measurements, which I have described above, are normally used to estimate foetal
weight. However, because twins are likely to fall below the 10th centile for singleton birth
weights in the last trimester141, 142, the conventional formulae for estimated foetal weight are
not very reliable in multiple pregnancies143. Therefore, estimated foetal weight will not be
included in this chapter.

5.2.2

Antenatal growth and developmental skills

To my knowledge, no evidence has been previously found for the relationship between
developmental skills and femur length or abdominal circumference. Furthermore, only four
studies looked into the relationship between antenatal growth measurements and postnatal
development in singletons, with conflicting results144-147. It remains unclear whether growth
before or from mid-pregnancy onwards is more important in relation to postnatal development.
In a study of healthy singletons, Walker et al. (2007)144 found a positive relationship between
larger head circumference at 14 weeks and better reasoning ability at school age, while
Harvey et al. (1982)145 found that decreased head growth prior to 26 weeks of gestation was
related to general cognitive delays and motor impairments at 5 years. Additionally, no
relationship between reasoning ability at school age with head circumference at 25 or 35
weeks of gestation144 has been found, nor a relationship between head circumference at 18
weeks gestation and intelligence at age 9147. The Generation R Study, a large Dutch cohort,
made a distinction between size and growth. They found that both size and growth –
particularly the ratio between abdominal circumference and head circumference – from midpregnancy onwards were positively related to neuromotor development in the first three
months148. Using the same cohort, Henrichs et al. (2010)146 found that increased head growth
from mid-pregnancy onwards reduces the risk of overall developmental and social delays at
the age of one. The contradictory findings in the aforementioned studies may be due to the
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age at which the children were assessed. However, it is also possible that antenatal size has a
different effect on postnatal development compared with antenatal growth; perhaps there are
gestational windows in which growth is particularly important for postnatal development,
similar to critical age windows in childhood89, 149, which cannot be identified when only
looking at size.

5.2.3

Rationale of this chapter

Because the basic developmental skills are important for later cognitive functioning103, it is
essential to better understand the effect of antenatal size and growth on developmental skills
from the earliest possible age onwards. Twins could be at higher risk for developmental
delays compared to singletons as head circumference growth of twins decreases from
approximately 26 weeks onwards139. Furthermore, maternal age in twin pregnancies is often
older13 and has been associated with child development108, 111 as well as antenatal growth150,
potentially increasing twins’ risks of developmental delays even further.
In this chapter, I will only make use of the antenatal head circumference measurements
obtained from the ultrasound scans, as there is no evidence that femur length or abdominal
circumference would be related to psychological development at all and biparietal
measurements were very incomplete. I did not include the ratio between abdominal
circumference and head circumference in the current study, as the mean ratio within the
BiRTHS cohort was 0.91 with a standard deviation of 0.04 and would therefore not likely be
useful in statistical analyses.
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5.2.4

Aim of this chapter

This chapter aims to:
•

describe the relationship between antenatal head circumference size and growth and
developmental skills in the infancy period of twins.

5.3 Methods
5.3.1

Study design and participants

Similar to Chapter 4, participants were part of the Birmingham Registry for Twin and
Heritability Studies (BiRTHS)120 and the same clinical records, antenatal and follow-up
questionnaires were used.
For the purpose of the analyses described in this chapter, families were selected from the
BiRTHS cohort if antenatal ultrasound details, maternal details and at least one of the six
follow-up questionnaires were completed.

5.3.2

Data

Details on maternal age and ethnic background were assessed by means of antenatal
questionnaires. Maternal obstetric details, such as parity, gestational age at delivery and
chorionicity were extracted from maternal medical notes. Developmental skills at 3, 6, 9, 12,
18 and 24 months were assessed with the Ages and Stages Questionnaires (ASQ-3)91, 92. A
detailed description of this questionnaire can be found in Chapters 2 and 4.
Antenatal head circumference measurements were obtained from ultrasound reports. Based on
scan protocol at the hospitals20 and a review by Lumley (2003)151, ultrasound data were
categorized into three age window, in which growth was likely to be most linear: 20-27 weeks,
28-32 weeks and 33-36 weeks of gestation. Growth was defined as absolute growth in
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millimetres (mm) within each age window. From these age windows, I also used size at 20,
28, 33 and 36 weeks to determine their effects on developmental skills.

5.3.3

Statistical analyses

Descriptive data
All analyses were performed in STATA 1185. Similar to the analyses in Chapter 4, ASQ-3
scores on all subscales were converted into z-scores using the means and standard deviations,
which were provided for the norm sample consisting of healthy singleton children born at 40
weeks83. Subsequent analyses were performed using these z-scores. T-tests were performed to
determine any significant difference in ASQ-3 z-scores between our sample and the norm
group. Wilcoxon signed-rank tests were performed to explore any growth differences across
the age windows and between chorionicity.

The association of antenatal head circumference with developmental skills
Antenatal growth measurements were interpolated if scans were not available for the exact
cut-off points for each age window. Outliers, defined as <1st centile or >99th centile for each
measurement, were not included in the analyses (N=1). Multilevel linear regression analyses
were performed to study the effect of relative antenatal size at each measurement and
antenatal growth in each age window on communication, motor, problem solving and
personal-social skills. Although twins were considered individuals in these analyses, their
relatedness was taken into account by including this in a nested level as a random effect. In
the fixed part of the model, I adjusted for gestational age at birth and maternal age. Based on
previous literature55, 150 and findings in Chapter 4, I investigated the effect adding maternal
age to the regression model and found that the regression coefficient changed by >10%,
justifying inclusion as a potential confounder. Regression models for head circumference size
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at 20 and 36 weeks and growth in 33-36 weeks gestation were further adjusted for
chorionicity, following significant between-twin pair differences in antenatal head
measurements. Additionally, models for antenatal growth were also corrected for foetal size at
the beginning of each age window. Results were considered statistically significant if p-values
were smaller than 0.01, due to multiple testing.

5.4 Results
5.4.1

Participants

One hundred and seventeen individual twins were included, of which 52 (44%) had only one
set of completed ASQ-3 questionnaires, 12 (10%) had two completed sets, 24 (21%) had three
sets, nine (8%) had four sets, four (3%) had five completed sets and 16 (14%) completed all
six of the ASQ-3 questionnaires. Sample size at each specific follow-up age can be found in
Table 5.2
Twins were born at a median age of 36 weeks (range: 28-39) with a mean birth weight of 2.4
kilograms (kg; standard deviation (SD)=0.5). Mothers’ average age at delivery was 31.4 years
(SD=4.7). 93% of parents were White and 52% of twins were male.

5.4.2

Descriptive data

Antenatal growth
Table 5.1 provides an overview of ultrasound measurements at four gestations and antenatal
growth in three age windows. Overall, head circumference growth decreased from
9.4mm/week in 20–27 weeks to 8.9mm/week in 28–32 weeks and 7.6mm/week in 33–36
weeks.
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Table 5.1 Mean head circumference size at 20, 28, 33 and 36 weeks, and absolute mean growth
between 20-27, 28-32 and 33-36 weeks for twins included in the analyses.
Mean%size%(SD)%
Mean%growth%(SD)
20#weeks
172.7#(6.8)
20#/#27#weeks
75.2#(9.8)
28#weeks
249.4#(8.0)
28#/#32#weeks
44.5#(9.6)
33#weeks
296.5#(12.4)
33#/#36#weeks
30.2#(13.5)
36#weeks
327.1#(21.7)
SD#=#Standard#deviation.#All#measurements#are#in#millimetres.

Developmental skills
Mean scores and z-scores on all ASQ-3 subscales can be found in Table 5.2. Results were
very similar to findings presented in Chapter 4. Twins performed significantly worse than the
singleton norm group on all subscales (p<0.01). They caught up on different skills at various
ages up to 24 months, except for personal-social skills, which remained worse compared with
the norm group (t=-2.80, p<0.01).

Table 5.2 Means and standard deviations of raw ASQ-3 scores and their corresponding z-scores at all
follow-up ages for twins included in the analyses.
Communication

Gross-motor

Fine-motor

Problem-solving

Personal-social

3"months"(N=50)
Mean%(SD)
z+scores%(SD)

40.6"(14.5)**
71.3"(1.6)

40.5"(11.3)**
71.7"(1.4)

27.8"(13.7)**
72.2"(1.2)

30.3"(14.4)**
72.5"(1.5)

35.2"(14.5)**
71.8"(1.5)

6"months"(N=82)
Mean%(SD)
z+scores%(SD)

45.8"(11.3)*
70.3"(1.2)

30.5"(15.1)**
71.3"(1.3)

39.3"(17.2)**
70.8"(1.4)

42.8"(15.2)**
70.7"(1.3)

36.2"(16.2)**
71.1"(1.4)

9"months"(N=77)
Mean%(SD)
z+scores%(SD)

36.3"(15.3)
70.2"(1.2)

27.7"(16.7)**
71.3"(1.2)

46.9"(14.9)**
70.5"(1.4)

41.4"(16.2)**
70.8"(1.6)

39.5"(13.7)
70.2"(1.2)

12"months"(N=79)
Mean%(SD)
z+scores%(SD)

43.5"(14.4)
0.2"(1.0)

36.3"(20.9)**
71.0"(1.5)

50.7"(12.4)
70.2"(1.4)

45.0"(15.2)*
70.4"(1.4)

42.5"(14.8)
70.3"(1.2)

18"months"(N=56)
Mean%(SD)
z+scores%(SD)

38.7"(15.7)
70.2"(1.1)

54.0"(12.8)
70.2"(1.4)

52.4"(11.5)
0.0"(1.3)

43.3"(14.0)
70.3"(1.4)

44.5"(12.9)
70.3"(1.2)

24"months"(N=38)
Mean%(SD)
48.6"(16.9)
54.1"(12.2)
51.3"(9.2)
46.4"(13.6)
45.9"(12.4)*
z+scores%(SD)
70.2"(1.3)
70.1"(1.5)
70.1"(1.1)
70.3"(1.4)
70.5"(1.3)
Z7scores"were"calculated"by"using"the"means"and"standard"deviations"(SD)"for"the"singleton"norm"group"
provided"with"the"ASQ73."Significant"differences"with"singleton"norm"scores"are"displayed"with"*p<0.01,"
**p<0.001.
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5.4.3

The association of antenatal head circumference size with developmental skills

Head circumference size before 36 weeks gestation was not associated with developmental
skills at any follow-up age. Furthermore, increased head circumference at 36 weeks was only
associated with significant changes in gross motor and personal-social z-scores (Figure 5.1).
Larger 36-week head circumference was significantly associated with gross motor z-score
decreases of -0.03 (95% CI -0.06--0.01) at 3 months, -0.02 (95% CI -0.03-0.00) at 12 months
and -0.02 (95% CI -0.03--0.01) at 18 months. Also, larger head circumference at 36 weeks
gestation was significantly associated to a -0.04 (95% CI -0.07--0.02) decrease in personalsocial z-scores at 3 months.

3 months

**

*

6 months

9 months

12 months

*

18 months

**

24 months

Figure 5.1 Change in postnatal gross motor and personal-social z-scores for each millimetre increase
in head circumference size at 36 weeks.
*p<0.01, **p<0.001.
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5.4.4

The association of antenatal head circumference growth with developmental
skills

The association of head circumference growth with gross motor and personal-social skills is
graphically displayed in Figure 5.2. Head growth in 20-27 weeks was not significantly
associated with developmental skills at any follow-up age. Increased head growth in 28-32
weeks significantly decreased fine motor z-scores at 12 months by -0.02 (95% CI -0.03-0.00;
result not shown). Finally, increased growth between 33 and 36 weeks was related to gross
motor z-score decreases of -0.04 (95% CI -0.08--0.01) at 3 months and -0.03 (95% CI -0.05-0.01) at 18 months. Increased head circumference growth in 33-36 weeks was also associated
with a personal-social z-score decrease of -0.05 (95% CI -0.09--0.02) at 3 months. Full
detailed tables of all results on which Figure 5.1 and Figure 5.2 are based can be found in
Appendix VI.

*

3 months

*

6 months

9 months

12 months

18 months

*

24 months

Figure 5.2 Change in postnatal gross motor and personal-social z-scores for each millimetre increase
in head circumference growth in 33-36 weeks.
*p<0.01, **p<0.001.
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5.5 Discussion
Findings from this study confirm the importance of antenatal head size and growth in relation
to postnatal developmental skills. Furthermore, it seemed that the relationship between
developmental skills and antenatal head circumference (size and growth) was most evident at
36 weeks and in the age window between 33 and 36 weeks. Also, mainly gross motor skills,
followed by personal-social and fine motor skills seemed most affected by antenatal head
measurements, while communication and problem solving skills were not.

5.5.1

The association of antenatal head circumference with developmental skills

All statistically significant associations of head circumference size and developmental skills,
with the exception of fine motor skills and head circumference growth, occurred in late
pregnancy (>33 weeks) and were negative. This contradicts previous singleton studies in
which positive associations have been found144-146 and could be related to differences in
antenatal growth, as growth in twin pregnancies is known to decrease from 28-32 weeks
gestation onwards compared with singletons146. However, there is no evidence to support this
as no previous twin studies have investigated the relationship between antenatal head
circumference and developmental skills. It is more likely that findings in this chapter differ
due to the use of measurements at later gestations compared with previous studies. The
definition of ‘late pregnancy’ in aforementioned studies was around 30 weeks, while BiRTHS
allowed for data at even later gestations (up to 36 weeks) and relatively closer to birth
considering that median gestational age in the study was 36 weeks. It is possible that 30
weeks gestation was not sufficiently late in pregnancy to observe any negative associations
with developmental skills. Therefore, negative associations might have been observed in
singleton populations if head circumference at gestations beyond 30 weeks was available.
Although preterm delivery has been previously related to unfavourable intrauterine conditions
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(e.g. decreased growth)152 and previous studies have had samples of children born >37 weeks,
this is unlikely to explain the negative association between antenatal growth and
developmental skills within the BiRTHS sample, as the sample consisted of twins without any
severe health or growth issues. Increased antenatal head circumference growth in late
pregnancy could be related to catch-up growth, whereby the quickest growth should be
observed in children with small head circumferences. However, this is unlikely to have been
an issue in this study, as analyses were adjusted for size at the beginning of each age window
and no evidence of antenatal catch up growth has been previously reported.
Communicative, fine motor and problem solving skills between 3 and 24 months did not seem
to be affected by antenatal head size at any gestation. This finding seems to agree with
previous studies, in which decreased size has not been related to communicative and fine
motor skills, but has been related to worse performance in reasoning and social domains144, 146.
Infants learn new gross motor and personal-social skills more rapidly compared with
communicative, fine motor and problem solving skills90,

153

. It might therefore be more

beneficial for twins to focus on skeletal and muscular development in late pregnancy, so that
gross motor functions can be optimal in early infancy and further developmental delays in
other areas that rely on these basic skills can be minimised. Following this, it might be
possible that changes in infant communicative, fine motor and problem solving skills are not
large enough to detect an effect in a regression analysis. A further explanation for the lack of
associations with communication skills could be that is might be influenced by interactive
postnatal factors that I did not investigate, such as parent-child and twin-twin interaction123,
and not so much by antenatal conditions. Further research is necessary to explore these
options.
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5.5.2

Limitations

The relationship between antenatal head circumference and developmental skills should be
further investigated in a longitudinal model, in which adjustments can be made for a child’s
developmental trajectory. Also, the relatively small sample and incomplete postnatal followup may have had an impact on the interpretation of the results. I may not have been able to
detect associations when they should have been there, or found associations that were
significant, but had a large confidence interval. This is particularly noticeable at 24 months,
where data was available for only 38 children. A more complete dataset would be desirable in
future studies.
As mentioned earlier, ‘asymmetrical’ growth (defined as abdominal circumference/head
circumference ratio), whereby the head is disproportionate to the abdomen, has been found to
be a good predictor of early neuromotor delays in singletons148. Therefore, no meaningful
analyses were possible with this sample, but asymmetrical growth could be considered in a
more varied sample of twins.
It is also important to assess the relationship between postnatal growth and developmental
skills in order to provide a complete overview of how growth affects neurocognitive
development. This will be done in Chapter 6. Similar to the previous chapter’s limitations,
further follow-up is also needed to determine within-twin pair difference beyond infancy and
the effect of environmental factors in childhood, such as twin-twin interaction123, type of
childcare and parent-infant interaction123, 129.

5.5.3

Conclusion

To my knowledge, no previous study has looked into antenatal growth in specific age
windows up to 36 weeks, nor has there been previous research in this area with regard to
twins. I found that antenatal head circumference in late pregnancy mainly seems to have an
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influence on gross motor skills in infant twins. The results from this chapter should be
interpreted with caution, due to the small and incomplete dataset. However, the current study
does provide promising results and should be considered a stepping-stone for further research
into the effects of antenatal growth on early twin development. More research is particularly
needed with regard to postnatal covariates as children grow up.
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“She has always been the smaller one, even at birth. Compared with her twin brother she
looks a year younger because of her size.” – BiRTHS parent about her toddler.

6.1 Abstract
Background: Previous studies in singletons have suggested increased physical growth in
small infants may be related to developmental delays. However, the relationship between
postnatal anthropometry and developmental skills of infant twins remains unclear. I therefore
investigated this in a sample of healthy twins.
Methods: Developmental skills of 134 individual twins from the Birmingham Registry for
Twin and Heritability Studies were assessed with the Ages and Stages Questionnaires (ASQ-3)
at 3, 9, 12, 18 and 24 months. Weight, length and head circumference were measured at birth
and each follow-up age. Multilevel regression analyses, adjusted for gestational age at birth
and gender, were performed.
Results: A 1-kilo increase above mean weight in the second year was significantly associated
with decreased concurrent ASQ-3 z-scores up to -0.11 (p<0.01), while a centimetre increase
above mean head circumference was associated with z-score increases up to 0.06 (p<0.01).
Weight gain and head circumference growth in 3-9 months were associated with decreases in
developmental performance at 24 months.
Conclusions: There is indeed a twin-singleton difference in postnatal growth and
development. The findings provide evidence in support of the hypothesis that an early focus
on physical growth may impair later developmental performance. The current findings also
suggest that optimal postnatal size and growth may be necessary to avoid negative
developmental outcomes in infancy.
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6.2 Introduction
As described in Chapter 5, there may be a relationship between antenatal head measurements
and developmental skills in infancy. However, I did not find effects of antenatal head
circumference on all domains of developmental skills; gross motor and personal-social skills
were mostly affected by antenatal growth, while communicative, fine motor and problem
solving skills were not significantly affected. Furthermore, only few effects were found within
the first 6 months of postnatal follow-up. This could be explained by the influence of
postnatal factors, including postnatal growth. Previous studies have suggested increased
physical growth in children who are small at birth may be related to developmental delays55,
154, 155

. However, this hypothesis has not yet been tested in early infancy. More specifically,

the relationship between postnatal anthropometry and developmental skills in the first two
years of life has not been studied in healthy infant twins. The following paragraph describes
growth measurements in the BiRTHS postnatal clinic and their relationship to developmental
skills.

6.2.1

Postnatal growth patterns

Postnatal growth in infancy is generally characterised by a rapid growth velocity during the
first three months of life, followed by slowly decreasing growth velocity thereafter156, 157.
Most growth standards that are currently in use, such as the World Health Organisation
growth standards and the British 1990 Growth Reference156, are based on singleton children.
However, evidence suggests that premature infants, small-for-gestational-age children and
twins do not follow the same growth curves as singletons born at term157, 158. Furthermore,
much like antenatal growth, twins’ postnatal growth differs so much from that of singletons49,
that some recommend the use of twin-specific postnatal growth references in the first 2.5
years of life48.
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It has been shown that twins reach average height (compared with the general population)
between the ages of 4159 and 18 years47. However, head circumference and weight were not
average compared with singleton standards at the age of 4159 and Estourgie-van Burk et al.
(2010) found that twins remained lighter at the age of 18 years47.

6.2.2

Postnatal growth and developmental skills

Similar to antenatal anthropometry described in Chapter 5, there is increasing evidence that
postnatal size and growth velocity are related to cognitive development. In particular, length
and head circumference seem to be important in this respect55, 160, 161. In terms of concurrent
developmental skills (at the same age as the anthropometric measurement), height of children
at school age has been related to intelligence quotients (IQ)66,

162

. Further, small head

circumference at 6 years has been associated with significantly worse motor skills, adaptive
behaviour and general academic achievements154.
Postnatal growth velocity can also be used to predict developmental skills measured at an
older age compared with the growth measurement. Aside from the relationship with
concurrent developmental performance, head circumference has also been associated with
cognitive performance at the age of 1067. Weight gain and linear growth during the first year
of very preterm infants has also been related to better cognitive skills at 18 months163.
However, it did not have an effect on developmental skills of monochorionic twins between
12 and 24 months164. The association of weight gain, height and head circumference growth
with developmental skills in the entire infancy period of twins remains unknown.

86

Chapter 6: Postnatal anthropometry and developmental skills in early infancy – C. Nan (2012)

6.2.3

Rationale of this chapter

As suggested by previous studies, early developmental delays are a consequence of increased
physical growth55, 154, 155. However, previous studies have focused on samples of either very
preterm163 or term67 singletons. Healthy twins, born around 37 weeks of gestation and without
any congenital abnormalities that would cause developmental delays have yet not been
investigated.

6.2.4

Aims of this chapter

This chapter aims to:
•

describe twins’ postnatal growth trajectories compared with current singleton growth
references.

•

determine the association between early postnatal growth and development in infant
twins.

I made distinctions between concurrent and later developmental skills, as previous studies
have suggested there may be different effects67, 164. Further, because there is no evidence that
midarm circumference or skinfold thickness have an effect on developmental skills, I
focussed only on general growth (approximated by weight), length and head circumference in
this chapter.

6.3 Methods
6.3.1

Study design and participants

Similar to the previous chapters, I made use of participants in the Birmingham Registry for
Twin and Heritability Studies (BiRTHS)120. Additionally to the clinical record forms and
questionnaires, families were invited to attend a postnatal clinic appointment during which the
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twins were weighed and measured, coinciding with the follow-up questionnaires. For the
purpose of the analyses described in this chapter, families were selected from the BiRTHS
cohort if maternal details were available, at least one of the five follow-up questionnaires
were completed and at least one postnatal clinic was attended.

6.3.2

Materials

Details on maternal age and ethnic background were extracted from antenatal questionnaires.
Obstetric details, such as birth weight, gestational age at birth and mode of delivery were
extracted from maternal medical notes. Communicative, gross motor, fine motor, problem
solving and personal-social skills at 3, 9, 12, 18 and 24 months were assessed with the Ages
and Stages Questionnaires (ASQ-3)91, 92. A detailed description of this questionnaire can be
found in Chapters 2 and 4.

6.3.3

Growth measurements

Birth weight, which is routinely measured by midwives, was extracted from maternal delivery
notes. Length measurements at birth, taken by hospital staff, are not reliable and head
circumference is not routinely measured in all hospitals. Therefore, these two birth
measurements were not included in the analyses described in this chapter.
In the BiRTHS postnatal clinics we measured weight (without clothes or nappies) in
kilograms (kg) using SECA digital baby scales. Length and head circumference in centimetres
(cm), were measured using the Rollameter 100 and re-usable Lasso-o measuring tapes from
Harlow Healthcare, respectively. Detailed information about the measuring methods and
reliability of the measurements can be found in Appendix III.
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The effects of weight, length and head circumference at 3, 9, 12, 18 and 24 months on
concurrent developmental skills were studied. Age windows were created based on these
follow-up ages (0-3, 3-9, 9-12 and 12-18 months) to investigate the relationship between
growth velocity in each age window and later developmental performance at 24 months.
Growth velocity was defined as weight gain in grams per day and growth of length and head
circumference in cm per day.

6.3.4

Statistical analyses

Descriptive data
All analyses were performed in STATA 1185. Similar to the analyses in Chapters 4 and 5,
ASQ-3 scores on all subscales were converted into z-scores using the means and standard
deviations provided for the norm sample83. Subsequent analyses were performed using these
z-scores. T-tests were performed to determine any significant difference in ASQ-3 z-scores
between our sample and the norm group. Between-twin pair differences in maternal age and
gestational age at birth were also investigated with t-tests.

Growth trajectories
Postnatal anthropometric measurements were interpolated if data were not available within a
2-week margin below or above each follow-up age (e.g. between 2.5 and 3.5 months, similar
to the ASQ-3 protocol as described in Chapter 2). Data were not extrapolated. Gender-specific
standardized growth charts for weight, length and head circumference were created by using
the 3rd, 50th and 97th centiles from the LMSgrowth add-in for Microsoft Excel165 (based on the
British 1990 Growth Reference156). Mean size of twins at birth, 3, 9, 12, 18 and 24 months
were plotted on the derived singleton charts. The British 1990 Growth Reference156 was
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further used to calculate standard deviation scores (SDS) to quantify twin-singleton
differences.

The association of postnatal growth with developmental skills
Multilevel linear regression analyses were performed to study the association of postnatal
weight, length and head circumference at each follow-up age with the communication, motor,
problem solving and personal-social skills at concurrent ages (3, 9, 12, 18 and 24 months).
Growth in each age window was used as a predictor of developmental skills at 24 months in
separate multilevel linear regressions. Twins’ relatedness was taken into account by including
this as a random effect. All regression models were adjusted for gestational age at birth and
gender. Additionally, models for growth were adjusted for size at the beginning of each age
window. Results were considered statistically significant if p-values were smaller than 0.01,
taking multiple testing into account.

6.4 Results
6.4.1

Participants

A total of 134 healthy individual twins from BiRTHS (Chapter 2-3) were included in the
study. Only one follow-up was available for 32 twins (24%), two follow-ups for 52 twins
39%), three follow-ups for 35 twins (26%), four follow-ups for 14 twins (10%) and five
follow-ups for 1 twin (1%). None of the parents completed all six follow-ups. Sample size for
each specific follow-up can be found in Table 6.1.
Twins were born at a median gestational age of 37 weeks (range: 27-38), with a mean birth
weight of 2.4 kilograms (kg; standard deviation (SD)=0.5). Mothers’ average age at delivery
was 32.9 years (SD=4.9). 81% of parents were White.
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6.4.2

Descriptive data

Developmental skills
Mean scores and z-scores on al ASQ-3 subscales can be found in Table 6.1. Twins scored
significantly worse than the singleton norm group on all subscales at 3 (p<0.001), and all
subscales except for communication at 9 months (p<0.001). Scores remained lower than those
of singletons for gross motor and problem solving at 12 months (p<0.01). Finally, personalsocial skills were worse at 18 and 24 months (p<0.01).

Table 6.1 Means and standard deviations of raw ASQ-3 scores and their corresponding z-scores at all
follow-up ages for twins included in the analyses.
Communication

Gross-motor

Fine-motor

40.4"(14.2)**
61.3"(1.6)

40.5"(11.1)**
61.7"(1.4)

9"months"(N=77)
Mean%(SD)
z+score%(SD)

36.0"(14.9)
60.2"(1.2)

12"months"(N=83)
Mean%(SD)
z+score%(SD)
18"months"(N=56)
Mean%(SD)
z+score%(SD)

3"months"(N=53)
Mean%(SD)
z+score%(SD)

Problem-solving

Personal5social

28.3"(13.2)**
62.1"(1.2)

30.2"(13.9)**
62.5"(1.5)

35.2"(14.3)**
61.8"(1.5)

28.9"(17.2)**
61.2"(1.2)

46.9"(14.8)*
60.5"(1.4)

40.5"(16.5)**
60.9"(1.6)

39.1"(13.3)
60.3"(1.1)

43.3"(13.9)
0.0"(1.0)

36.4"(21.6)**
61.0"(1.5)

49.7"(12.9)
60.3"(1.5)

43.5"(15.5)*
60.5"(1.4)

41.7"(14.6)**
60.3"(1.2)

38.8"(15.7)
60.2"(1.1)

53.5"(13.1)
60.2"(1.4)

51.9"(11.43)
60.1"(1.3)

42.9"(13.6)
60.3"(1.3)

44.5"(12.6)*
60.3"(1.2)

24"months"(N=38)
Mean%(SD)
49.0"(16.0)
53.8"(12.2)
51.7"(9.0)
46.3"(13.3)
45.8"(11.9)**
z+score%(SD)
60.2"(1.2)
60.1"(1.5)
0.0"(1.1)
60.3"(1.4)
60.5"(1.2)
Z6scores"were"calculated"by"using"the"means"and"standard"deviations"(SD)"for"the"singleton"norm"group"
provided"with"the"ASQ63."Significant"differences"with"singtleton"norm"scores"are"displayed"with"*p<0.01,"
**p<0.001.

Postnatal growth
Growth trajectories for male and female twins can be found in Figure 6.1-Figure 6.2. In
general, weight and head circumference followed the 10th centile up to about 6-9 months
(SDSweight=-1.39, SDShead

circumference=-1.61),

after which increased growth velocity was
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observed. Weight remained within the normal range between the 3rd and 97th centile up to 24
months (SDSweight=-0.19). Male head circumference surpassed the 97th centile after 18 months
(SDShead

circumference=-0.54).

Although, males and females were shorter compared with

singletons at 3 months (SDSlength=-1.05), growth surpassed the 97th centile after 18 months
and was 2 standard deviations (SD) above the singleton mean at 24 months.

kg

cm

(p97)
(p50)
(p3)

Twin length

Twin HC

(p97)
(p50)
(p3)

(p97)
(p50)
(p3)

Twin weight
months

Figure 6.1 Average weight in kilograms (kg) and length and head circumference (HC) in centimetres
(cm) of all included male twins from birth to 24 months, compared to current singleton growth
references.
p3=3rd centile, p50=median, p97=97th centile (normal range between p3 and p97), 95% confidence interval
shaded in grey. [Derived from the British Growth Reference data for Excel]156.
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cm

kg

(p97)
(p50)
(p3)

Twin length

(p97)
(p50)
(p3)

Twin HC

(p97)
(p50)
(p3)

Twin weight
months

Figure 6.2 Average weight in kilograms (kg) and length and head circumference (HC) in centimetres
(cm) of all included female twins from birth to 24 months, compared to current singleton growth
references.
p3=3rd centile, p50=median, p97=97th centile (normal range between p3 and p97), 95% confidence interval
shaded in grey. [Derived from the British Growth Reference data for Excel]156.

6.4.3

The association of weight, length and head circumference with concurrent
developmental skills

Most associations of weight and concurrent developmental skills were negative. Only weight
at 24 months had a statistically significant effect on communication skills at the same age
(Table 6.2), whereby every additional kg above the average weight was associated with a
decrease of 0.11 (95% confidence interval (CI) -0.19--0.02) in z-score. There was also a
negative trend for increased weight and problem solving z-score at 12 months. Head
circumference on the other hand was mostly positively associated with developmental skills
or not at all. Fine motor z-scores at 12 months significantly increased by 0.06 (95% CI 0.020.12) with each cm above average head circumference at the same age. There was a trend for
communication skills at 3 months to be positively affected by head circumference, whereas
personal-social skills at 24 months were negatively affected. However, these results were not
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statistically significant (p<0.05). Similar trends were found for 3-month communication skills
and 24-month personal-social skills in relation to increased length.

Table 6.2 The association of weight in kilogram (kg), length in centimetres (cm) and head
circumference in cm with concurrent developmental skills.

Weight'(kg)
Coef.'(95%'CI)

Length'(cm)
Coef.'(95%'CI)

Head'circumference'(cm)
Coef.'(95%'CI)

0.33'(?0.12'?'0.79)
?0.08'(?0.25'?'0.9)
?0.03'(?0.14'?'0.09)
?0.07'(?0.17'?'0.04)
?0.11'(?0.19'?'?0.02)**

0.21'(0.03'?'0.40)*
0.00'(?0.05'?'0.05)
0.00('?0.03'?'0.04)
?0.02'(?0.05'?'0.01)
?0.01'(?0.04'?'0.01)

0.36'(0.04'?'0.79)*
0.02'(?0.03'?'0.07)
0.01'(?0.05'?'0.06)
0.03'(?0.02'?'0.07)
?0.01'(?0.04'?'0.02)

Gross-motor
3'months
9'months
12'months
18'months
24'months

?0.01'(?0.35'?'0.33)
?0.04'(?0.22'?'0.14)
0.09'(?0.07'?'0.25)
0.07'(?0.05'?'0.20)
?0.02'(?0.10'?'0.07)

?0.07'(?0.22'?'0.08)
?0.01'(?0.06'?'0.05)
0.03'(?0.02'?'0.08)
0.02'(?0.02'?'0.06)
0.00'(?0.02'?'0.02)

0.00'(?0.25'?'0.25)
0.00'(?0.05'?'0.06)
?0.01'(?0.09'?'0.07)
0.02'(?0.04'?'0.07)
0.02'(?0.01'?'0.05)

Fine-motor
3'months
9'months
12'months
18'months
24'months

0.11'(?0.25'?'0.47)
?0.09'(?0.29'?'0.11)
?0.07'(?0.22'?'0.09)
0.05'(?0.07'?'0.17)
?0.06'(?0.13'?'0.01)

?0.01'(?0.18'?'0.16)
?0.02'(?0.08'?'0.04)
0.00'(?0.05'?'0.06)
0.00'(?0.04'?'0.04)
?0.02'(?0.03'?'0.00)

0.04'(?0.23'?'0.31)
0.00'(?0.07'?'0.06)
0.00'(?0.07'?'0.07)
0.06'(0.02'?'0.12)**
?0.01'(?0.04'?'0.01)

Problem-solving
3'months
9'months
12'months
18'months
24'months

?0.27'(?0.74'?'0.19)
0.07'(0.16'?'0.29)
?0.15'(?0.30'?'0.00)*
?0.07'(?0.19'?'0.06)
?0.05'(?0.13'?'0.03)

?0.05'(?0.24'?'0.15)
0.00'(?0.07'(0.06)
?0.04'(?0.09'?'0.01)
?0.03'(?0.07'?'0.01)
?0.02'(?0.04'?'0.00)

?0.15'(?0.50'?'0.19)
0.02'(?0.05'?'0.09)
?0.01'(?0.09'?'0.06)
0.00'(?0.06'?'0.06)
?0.02'(?0.05'?'0.01)

Communication
3'months'
9'months'
12'months'
18'months'
24'months'

Personal5social
?0.14'(?0.45'?'0.17)
3'months
?0.15'(?0.58'?'0.28)
?0.04'(?0.19'?'0.11)
9'months
0.00'(?0.15'?'0.15)
0.01'(?0.04'?'0.05)
0.01'(?0.03'?'0.06)
12'months
0.06'(?0.09'?'0.20)
0.02'(?0.02'?'0.07)
0.04'(?0.03'?'0.10)
18'months
?0.09'(?0.21'?'0.03)
?0.02'(?0.06'?'0.01)
0.03'(?0.02'?'0.08)
24'months
?0.02'(?0.10'?'0.05)
?0.02'(?0.04'?0.00)*
?0.03'(?0.06'?'0.00)*
Coef.'(95%'CI)=Regression'coefficient'(95%'Confidence'interval).'
Results'have'been'adjusted'for'gestational'age'at'birth.'All'significant'results'are'displayed'with'
*p<0.05'and'**p<0.01.
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6.4.4

The association of early postnatal growth with developmental skills at 24 months

There was a negative trend of increased growth velocity in most age windows and worse
developmental skills at 24 months (Table 6.3). Mainly communication, fine motor and
personal-social skills were affected. The following paragraphs describe statistically significant
findings and trends.
An additional 1gram/day above average weight gain between birth and 3 months was
associated with a -0.06 (95% CI -0.11--0.01) decrease in fine motor z-score. Above average
weight gain between 3 and 9 months was associated with a -0.07 (95% CI -0.13--0.01)
decrease in 24-month communication skills. Above average head circumference growth of an
additional 1cm/day between 3 and 9 months was associated with a -0.04 (95% CI -0.07--0.02)
decrease in personal-social z-score. Growth in length did not have statistically significant
effects on 24-month developmental skills. However, there was a trend of growth in 3-9
months and decreasing personal-social z-scores.
Stratified analyses by growth rate (above/below median) confirmed these findings (see
Appendix VII). Furthermore, results suggested that fine motor, problem solving and personalsocial skills were negatively associated with increased growth in length and head
circumference between 12 and 18 months, while positively associated with above average
weight gain in the same age window.
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Table 6.3 The association of growth in 0-3, 3-9, 9-12 and 12-18 month with developmental skills at
24 months.
Weight'(gram/day)
0-5-3-months
3-5-9-months
9-5-12-months
12-5-18-months

Communication
Coef.-(95%-CI)

Gross-motor
Coef.-(95%-CI)

Fine-motor
Coef.-(95%-CI)

Problem-solving
Coef.-(95%-CI)

Personal5social
Coef.-(95%-CI)

50.04-(50.09-5-0.02)
50.07-(50.13-5-50.01)**
50.01-(50.07-5-0.05)
50.01-(50.10-5-0.08)

50.01-(50.08-5-0.07)
0.01-(50.09-5-0.11)
0.03-(50.06-5-0.12)
0.02-(50..09-5-0.14)

50.06-(50.11-5-50.01)**
50.03-(50.09-5-0.02)
0.02-(50.04-5-0.08)
0.33-(50.07-5-0.74)

50.05-(50.11-5-0.01)
50.03-(50.10-5-0.04)
50.01-(50.08-5-0.07)
0.03-(50.06-5-0.12)

50.03-(50.07-5-0.02)
50.04-(50.10-5-0.01)
0.04-(50.02-5-0.11)
0.05-(50.04-5-0.13)

5
50.01-(50.03-5-0.02)
50.01-(50.03-5-0.01)
0.00-(50.03-5-0.03)

5
0.02-(50.03-5-0.06)
0.00-(50.03-5-0.03)
0.00-(50.04-5-0.04)

5
50.02-(50.04-5-0.01)
50.01-(50.03-5-0.01)
0.01-(50.01-5-0.04)

5
50.01-(50.04-5-0.03)
50.02-(50.04-5-0.01)
50.01-(50.04-5-0.02)

5
50.03-(50.05-5-0.00)*
50.01-(50.03-5-0.01)
0.00-(50.03-5-0.02)

Length'(cm/day)
0-5-3-months
3-5-9-months
9-5-12-months
12-5-18-months

Head'circumference'(cm/day)
0-5-3-months
5
5
5
5
5
3-5-9-months
0.01-(50.02-5-0.03)
0.02-(50.03-5-0.06)
50.02-(50.04-5-0.01)
50.01-(50.04-5-0.03)
50.04-(50.07-5-50.02)***
9-5-12-months
50.01-(50.03-5-0.02)
0.00-(50.06-5-0.06)
0.01-(50.02-5-0.05)
50.01-(50.05-5-0.03)
0.03-(50.01-5-0.06)
12-5-18-months
0.00-(50.04-5-0.04)
50.01-(50.08-5-0.05)
0.01-(50.03-5-0.06)
50.03-(50.07-5-0.02)
0.01-(50.04-5-0.06)
Coef.-(95%-CI)=Regression-coefficient-(95%-Confidence-interval).Results-have-been-adjusted-for-gestational-age-at-birth-and-size-at-the-beginning-of-each-age-window.-All-significant-results-are-displayed!with-*p<0.05,-**p<0.01and-***p<0.001.

6.5 Discussion
This study showed that increased weight in the second year was associated with decreased
concurrent developmental performance, while increased head circumference in the second
year was generally related to increased developmental scores. Above average growth rates for
weight and head circumference between birth and 9 months were associated with worse
developmental performance at 24 months. These findings provide evidence in support of the
hypothesis that an early focus on physical growth may impair later developmental
performance55, 154, 155.

6.5.1

Twin-singleton differences

As expected, twins’ weight, length and head circumference was below average compared with
singletons. An increased growth rate was present in twins from 3 months onwards, leading to
twins surpassing the normal range for singleton length and head circumference156 with up to
2SD by the age of 24 months. This could be a sign of catch-up growth166. The large twinsingleton difference at 24 months could also be due to the relatively small number of twins
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who were measured at that age. Nonetheless, these findings support the need for twin-specific
growth standards.
Similar to the previous chapters, there were signs of developmental delay in the first year and
catch-up to singleton standards by 12 months on most subscales. Further follow-up is needed
to determine any twin-singleton differences beyond infancy61, 123.

6.5.2

The association of weight, length and head circumference with concurrent
developmental skills

Very few effects were found for weight, length and head circumference on concurrent
developmental skills. Interestingly, length and head circumference up to 18 months seemed to
have positive effects on developmental skills, whereas negative associations were found at 24
months. There are indications of early structural brain differences between twins and
singletons167, which could be related to these different associations with developmental skills.
However, these structural differences have only been found in the neonatal period and not in
later childhood168. It is therefore possible that the relationship between postnatal
anthropometry (particularly head circumference) and developmental skills in infancy is
‘unstable’. Finally, it seems that gross motor skills are more affected by antenatal head size
and growth (Chapter 5) and not at all by postnatal size. It is possible that sensitive periods for
motor development169 include very early or even antenatal periods.

6.5.3

The association of early postnatal growth with developmental skills at 24 months

In contrast to the relationship between size and concurrent developmental skills in the
previous paragraph, growth seemed to have a more uniform effect on developmental skills at
24 months. Increased growth up to 9 months was mostly negatively associated with
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developmental skills at 24 months. The period between birth and 3 months could not be
investigated for length and head circumference due to the unreliability of measurements at
birth, but the findings do suggest that early postnatal growth may have a negative effect on
later developmental skills.
These findings contradict a previous study, in which poor head growth in infancy was
associated with poor neurocognitive outcomes in preterm infants170. The different findings
could be due to different sample characteristics or the large age window that was used by
Cheong et al. (2008)170 in which growth was measured. Another explanation is the timing of
peak growth velocity171, 172, which could not be investigated with the current data as there
were no measurements between birth and 3 months when several growth spurts are likely to
occur158, 173, 174.
Similar to size, gross motor skills were not affected by postnatal growth, adding evidence to
the suggestion that antenatal and early infancy periods may be more important for this
developmental domain.

6.5.4

Limitations

In order to confirm these findings in infancy, a more complete follow-up would be necessary.
In particular, data at 24 months was very limited in this study sample. The incompleteness of
the data was also the reason for interpolation of the growth data, for which linear growth
between each follow-up was assumed. This could have disguised otherwise detectable growth
spurts. This may have had consequences for the growth analyses in particular. A more
complete dataset would be needed to adequately investigate the possible consequences.
However, as previous studies have hypothesised that increased physical growth may
negatively affect cognitive skills in childhood, it may be more likely that similar effects can
be found in infancy (like the negative trends in this chapter). Another interesting question to
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address in future studies could be the detection of minor growth spurts in infancy and their
effects on developmental skills. For this, measurements at shorter intervals would be needed.
As in previous chapters, further follow-up is also needed to determine within-twin pair
difference beyond infancy and the effect of environmental factors in childhood, such as twintwin interaction123, type of childcare and parent-infant interaction123, 129, and ethnicity5, 129, 133.

6.5.5

Conclusion

This study should be considered as a pilot, in which I found that there may indeed be a twinsingleton difference in growth during the infancy period. Furthermore, it seems that
developmental skills in twins may be negatively affected by early focus on physical growth,
as suggested in previous studies. The results suggest that size is not a very good predictor of
concurrent developmental skills, while early growth seems to play a bigger role in
developmental performance at 24 months. However, this should be interpreted with caution,
as I did not have data for many children at 24 months. Further research with a more complete
and larger dataset is needed to provide more information regarding the relationship between
postnatal growth and development.
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“Hospital admission is out of the question, because of my job. So I will come to the hospital
for check-ups every morning before I go to work instead.” – BiRTHS parent

7.1 Abstract
Background: Previous research in singleton pregnancies suggested that maternal occupations
with high levels of physical activity and psychological strain may be harmful and could result
in preterm delivery and low birth weight. I investigated effects of maternal occupational
physical activity and psychological strain on twin pregnancy outcomes, as mothers of
multiples may be at higher risk for preterm birth and low birth weight.
Methods: Birth weight, gestational age, Apgar score, delivery mode and neonatal ward
admission details were obtained from hospital records of 197 individual twins in the
Birmingham Registry for Twin and Heritability Studies. Maternal occupational physical
activity and psychological strain were converted into metabolic equivalents from a parentcompleted questionnaire. Multilevel spline regression models121 were used to investigate the
associations of occupational physical activity and psychological strain with birth weight,
length of gestation, mode of delivery and neonatal wellbeing.
Results: Higher work-related psychological strain significantly increased gestational length
by four days (p=0.03). I found no significant association of maternal occupational physical
activity with perinatal outcomes. However, there was a trend for decreased birth weight in
children born to women with jobs that involved >175 metabolic equivalents per week.
Conclusions: The current findings suggest that there may be a relationship between maternal
occupation and pregnancy outcomes. However, due to methodological limitations and
incomplete data, it is not possible to provide more conclusive suggestions for clinical practice
and I suggest more research is needed.
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7.2 Introduction
Increasingly more women have joined the paid employment workforce in the past few
decades, from less than 50% of women in 1960 to 70% in 2001175. According to figures from
the Office for National Statistics, female employment rates were 66% at the end of the
BiRTHS recruitment period in July 2011. This was lower than employment rates a decade
earlier, but could be due to the high number of redundancies in recent years176. Nevertheless,
those who decide to have children will need to strike a balance between any potential risks
from paid employment and a healthy pregnancy.
Based on previously identified occupational risk factors, such as exposure to hazardous
environments177 and strenuous activities178, some advise mothers to decrease their level of
physical activity or work in a safer environment during pregnancy179. However, it is difficult
to determine what can be considered too strenuous, as this will vary for each individual.
Furthermore, very little is known about psychological strain or job stress, which can also
affect pregnancy outcomes180. In this chapter I will focus on the distinction between physical
activity and psychological strain, and their individual contributions to twin pregnancy
outcomes.

7.2.1

Association of occupational physical activity with perinatal outcomes

Due to the various factors that play a role in how physical activity affects pregnancy and its
outcomes, findings in previous studies are incongruent. However, there is a general
hypothesis of a U-shaped relationship between physical activity and pregnancy outcomes,
whereby too little or too much physical activity can result in low birth weight or preterm
birth178, 181. Physical activity is encouraged in all women and should be advised to fit with
their individual fitness levels179, 182-184, while exercise during complicated pregnancies should
be managed conservatively185. Bonzini et al.(2009)43 further specified that trunk bending
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activities, in particular, during the third trimester form an increased risk for preterm labour.
However, there is evidence that suggests it is not the type of activity, but in fact the duration
that is related to the decrease in birth weight183. Similar to general and leisure time physical
activity, studies on occupational physical activity and birth outcomes show that more
strenuous jobs are related to preterm birth186, low birth weight44,

181

, intrauterine growth

restriction183 and non-elective caesarean section187.
Preterm birth and low birth weight have been related to unfavourable health outcomes52, 188, 189
and cognitive delays later in life36. Delivery by caesarean section has been linked to common
infectious diseases and respiratory tract infections37. Previous studies give a good outline of
the effect of maternal physical activity on pregnancy outcomes in singletons. However, to my
knowledge, no studies have been conducted to investigate the impact of maternal occupation
on twin pregnancies, which are usually more complex and often result in lower birth weights,
preterm labour and neonatal hospital admissions190 (also Chapter 1). It is therefore possible
that mothers of twins are at an increased risk of experiencing negative effects of physical
exercise during pregnancy when compared with mothers of singletons.

7.2.2

Definitions of occupational physical activity

Aside from the individual-dependent effect of physical activity, the previous paragraph
outlined that definitions of physical activity vary from a simple ‘yes/no’ answer to ‘number of
hours per day’ and even further categorisation of activities (i.e. light activity vs. moderate
activity). Domingues et al. (2009)179 further emphasized these issues in a review that spanned
research between 1987 and 2007. This increases the difficulty in interpreting results from
various studies.
In this chapter I propose the use of metabolic equivalents (METs) as an alternative to quantify
the intensity physical activity. It is defined as the expenditure of 1 kilocalorie per kilogram
103

Chapter 7: Maternal occupation and pregnancy outcomes – C. Nan (2012)

per hour, based on the metabolism of an average person. METs are roughly classified as light
(<3 METs), moderately intense (3-6 METs) and vigorous (>6 METs), whereby an activity of
6 METs is twice as intense as an activity of 3 METs191.

7.2.3

Association of occupational psychological strain with perinatal outcomes

A quantifiable measure of occupational strain can be defined as the relationship between
demands of the job (occupational demand) and how much (occupational) control the
employee feels they have over the outcome of a task192. A person who needs to meet high
demands, but has very little control will feel a higher psychological strain compared with a
person who has complete autonomy in decision-making and task completion.
As with occupational physical activity, the effect of psychological strain seems very
subjective. Mothers with low job satisfaction and high job strain have been found more likely
to deliver babies that are premature6,
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with lower birth weights180 and smaller head

circumferences43. Occupational demand on its own has not been significantly related to a
higher risk of preterm birth186. The effect of occupational psychological strain on twin
pregnancies is unknown. However, mothers of twins are more likely to experience
psychological stress45 and have a higher risk of postnatal depression193. Similar to physical
activity, it is possible that psychological strain will have a more negative effect on twin
pregnancy outcomes.

7.2.4

Rationale of this chapter

In Chapters 1 and 4, I have described the effect of 5-minute Apgar score, gestational age and
birth weight on postnatal development. Although I have not found an effect of birth weight on
developmental skills in infancy, studies of older children have found such an effect54, 116.
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There is a need to identify and manage risk factors (including maternal occupation) as early as
possible, so that children can be given the best possible start to life and cognitive development.
Previous studies in singleton pregnancies have already identified certain occupational risk
factors (e.g. physical activity) related to pregnancy outcomes such as birth weight44, 180, 181,
gestational length178,

181, 186

, Apgar score36 and delivery mode187. Furthermore, negative

pregnancy outcomes could lead to neonatal hospital admission, which puts infants at risk of
contracting hospital-acquired infections194 and has even been found to alter brain development
patterns9. However, the relationship between occupational physical activity and psychological
strain and twin pregnancy outcomes remains unclear.

7.2.5

Aims of this chapter

This chapter aims to:
•

investigate how maternal work-related physical activity affect birth weight, gestational
length, 5-minute Apgar score, delivery mode and neonatal hospital admission in twin
pregnancies.

•

identify how maternal work-related psychological strain affect birth weight,
gestational length, 5-minute Apgar score, delivery mode and neonatal hospital
admission in twin pregnancies.

7.3 Methods
7.3.1

Study design and participants

Participants were part of the Birmingham Registry for Twin and Heritability Studies
(BiRTHS)120. In addition to maternal medical records and antenatal questionnaires, neonatal
records were checked for any neonatal ward admissions. For the purpose of this analysis,
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families were selected from the BiRTHS cohort if delivery and maternal employment details
were available.

7.3.2

Data

Maternal age, parity, twins’ gender, birth weight, Apgar scores, gestational age at birth and
delivery mode were extracted from maternal medical notes and delivery records. Neonatal
admission records were searched for all twins in BiRTHS.
Maternal occupation and job title were extracted from the antenatal parental questionnaire
(Appendix A-II.i-A-II.ii) and were classified into major categories according to the
International Standard Classification of Occupations (ISCO-88)195. I identified relevant
activities according to job descriptions in each of the major categories of the ISCO-88 and
calculated METs for these activities from the Compendium of Physical Activities191. The
derived average METs (Appendix Table VIII.i) were multiplied by the number of working
hours per week or 40 hours for full-time jobs. The major categories of the ISCO-88 were also
converted into perceived psychological demand, control and strain as suggested in the
classification by de Smet et al. (2005)192.

7.3.3

Statistical analyses

Descriptive data
As described in Chapter 1, mono- and dichorionic pregnancies differ from each other in terms
of birth weight, gestational length, delivery mode and neonatal admissions. Therefore, t-tests
were performed to investigate differences between any of these outcomes in mono- and
dichorionic twins, in order to determine how chorionicity should be used in further analyses.
Wilcoxon’s rank-sum test was used to test for any differences in neonatal admission.
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Additionally, birth weight was converted into standard deviation scores (SDS) using the
British 1990 Growth Reference156 for singleton children to determine whether twins differed
from singletons.

Multilevel spline regression analyses – continuous variables
Because the relationships between maternal occupation and the outcome variables were not
linear, multilevel spline regression models121 were used to investigate the associations of
occupational physical activity and psychological strain with twins’ birth weight, gestational
age at birth and 5-minute Apgar scores. Although twins were considered individuals in these
analyses, their relatedness was taken into account by including it as a random intercept.
Adjustments for maternal age and parity were included in the fixed portion of the model.
Birth weight models were additionally adjusted for gestational age at birth. Predicted mean
values from these models were used to graphically display the nonlinear relationships
between occupational physical activity and estimated birth weight, gestational age and Apgar
score.

Multilevel logistic spline regression analyses – categorical variables
Multilevel logistic spline regression analyses were performed to investigate the effects of
occupational physical activity and psychological strain on delivery mode and neonatal
admission. Delivery mode was categorised as ‘no emergency caesarean’ and ‘emergency
caesarean’ to estimate any major unforeseen problems at birth. Neonatal admission was
simply categorised as ‘yes’ or ‘no’. Again, the relatedness of twins was incorporated as a
nested level in the model and the fixed portion of the model included adjustments for
maternal age, parity and gestational age (birth weight models only). Results were presented
graphically as estimated mean probabilities of a delivery by emergency caesarean and
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neonatal admission. All analyses were performed in STATA 11 (StataCorp, 2009)85, and
results were considered statistically significant at α=0.05.

7.4 Results
7.4.1

Participants

A total of 197 twins from BiRTHS were included, of which 53% were male. Average birth
weight was 2.4 kilograms (kg, standard deviation (SD)=0.5) and twins were born at a median
of 37 weeks gestation (range: 27-39), with a median Apgar score of 9 (range: 5-10). Nearly a
third of the infants (31%) were admitted to a neonatal ward for special care. Average maternal
age at delivery was 31.6 years (SD=5.0) and 48% did not have older children (primiparous).
38% of mothers were admitted to hospital at least once during their pregnancy. The majority
(77%) of mothers were employed in regular paid work and 81% was White.

7.4.2

Descriptive data

Adjusted birth weight for monochorionic and dichorionic twins was below the singleton mean
(birth weight SDSMC=-0.90 and birth weight SDSDC=-0.60). Significant differences were
found for birth weight (t=-5.52, p<0.001) and neonatal hospital admission (z=2.79, p=0.01)
between mono- and dichorionic twins. Therefore, birth weight and neonatal hospital
admissions analyses were additionally adjusted for chorionicity. After stratification by
delivery mode, we found significantly shorter gestations (p<0.001) in those who had an
emergency caesarean section. Analyses of gestational age score were therefore additionally
adjusted for delivery mode.
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7.4.3

Occupational determinants of perinatal outcomes

Multilevel spline regression analyses
After stratification by total MET per week (above/below median), 5-minute Apgar scores
were 0.2 points higher in children born to mothers with below-median activity levels (p=0.05).
No other statistically significant associations were found between occupational physical
activity and birth weight and gestational age. However, occupational physical activity did
seem to have a negative effect on particularly birth weight when exceeding 175 METs/week
(Figure 7.1), which is equivalent to about 11.5 hours of light activity or 6 hours of moderateintensity activity per work day196. The effects did not reach statistical significance, although
there was a positive trend for birth weight (p=0.06) and gestational age when physical activity
exceeded 175 METs/week (p=0.07).
After stratifying by total strain per week (above/below median), gestations of mothers with
higher levels of perceived strain were approximately four days longer than gestations of
mothers, who perceived lower levels of strain (p=0.03;Figure 7.1). No other effects of
psychological strain on estimated birth weight, gestational age or Apgar score were found.
Appendix Table VIII.ii provides accompanying results for these figures.
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Median
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Figure 7.1 The effects of occupational physical activity (METs) on estimated birth weight, gestational
age and Apgar score, and of psychological strain on gestational age.

Multilevel logistic spline regression analyses
Similar to birth weight, occupational physical activity, there was a trend to higher probability
of delivery by caesarean section if occupational physical activity exceeded 175 METs/week
(p=0.07; Figure 7.2). There were no other effects of physical activity or psychological strain.
However, further investigation of psychological strain components showed that infants of
mothers who had lower perceived control (below median) were more than twice as likely to
be admitted to a neonatal ward compared with those of mothers, who felt they were more in
control (p=0.02).
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Figure 7.2 The effect of occupational physical activity, defined as metabolic equivalents (METs) per
week, and psychological strain on estimated probabilities of neonatal hospital admission and delivery
by emergency caesarean.

7.5 Discussion
The findings from this study suggest that maternal occupational physical activity does not
affect perinatal outcomes in twin pregnancies, although birth weight showed a trend towards a
decrease as 175 METs/week were exceeded (p=0.07). Work-related psychological strain, on
the other hand, had a significantly positive effect on gestational length. Further examination
of the components of strain showed that neonatal admissions were more likely to occur if
mothers perceived lower levels of occupational control.
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7.5.1

Occupational physical activity and perinatal outcomes

I did not replicate findings from previous studies of occupational physical activity and
perinatal outcomes. Furthermore, the results did not support my original hypothesis, whereby
light physical activity would affect perinatal outcomes in twin pregnancies. My findings
suggest a negative effect on birth weight if 11.5 hours of light activity is exceeded, as opposed
to a 7-hour threshold described in previous research183. Previous studies found that the effect
of physical activity during pregnancy is dependent on maternal physical fitness182-185.
According to the findings described in this chapter, there seems to be an optimal level of
maternal physical fitness, which has negative effects on infant-related birth outcomes when
not met or surpassed. Studies have also found that physical fitness levels are related to mode
of delivery197, as giving birth naturally is extremely strenuous on the human body and
caesarean section is considered major surgery for which one needs to be physically fit.
Mothers, who are more physically active at work, would be more physically fit compared
with those who do mostly sedentary work, and are therefore more physically capable to
withstand the major impact of childbirth197. A possible explanation for the lack of effect on
any of these factors might be that the current sample did not consist of mothers who had
extremely strenuous jobs. Therefore, occupational physical activity remained moderate at
most. Perhaps higher physical activity levels would have resulted in significant effects on
birth weight, gestational age, Apgar scores and delivery mode, as have been found in
singleton research. Nevertheless, physical activity in this study could be considered
representative of pregnant mothers, as it is unlikely that mothers participate in highly
strenuous activities during pregnancy198, 199.
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7.5.2

Occupational psychological strain and perinatal outcomes

Occupational psychological strain has not been found to have any effect on perinatal
outcomes in singleton pregnancies. However, findings from the current study suggest that
higher occupational strain was significantly associated with longer gestations and higher
occupational control was related to lower risks of neonatal admissions. Jobs with high
demand and high control have low occupational strain, and are generally management or
professional jobs. High strain jobs, on the other hand, are generally jobs with fewer
responsibilities and for which no university degree is necessary192. It is possible that these
mothers have the opportunity or feel more inclined to take maternity leave earlier than
mothers in occupations with more responsibilities200.
Little is known about the biological pathways that are involved in the association of stress and
pregnancy outcomes. In their review, Hobel et al. (2010)201 outlined that stress is indeed
related with preterm birth and low birth weight. The authors also suggest that increased levels
of corticotrophin-releasing hormone might prevent the placenta from optimum functioning,
which may lead to an unfavourable intrauterine environment that precedes preterm birth and
low birth weight. However, more research is needed to identify the extent to which stressrelated hormones affect the intrauterine environment and how it can be prevented or treated.

7.5.3

Limitations

The use of job title as proxy for occupational physical activity and psychological strain did
not provide details on leisure-time physical activity and maternal physical fitness levels prior
to their pregnancy, which standardised questionnaires (such as the International Physical
Activity Questionnaire202) may have provided. However, many physical activity
questionnaires may not be appropriate to provide information about energy expenditure as
they include different activities203 or rely on self-report204. Similar arguments could be
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brought forward against the use of standardised psychological strain questionnaires, such as
the Job Content Questionnaire205. Activity monitors and biological measurements206 could be
a costly, but potentially more objective measure of physical activity and psychological strain.
Considering previous studies described in §7.1, in which too much physical or psychological
strain were related to worse pregnancy outcomes, I do not believe my findings would be very
different if I had used a measurement other than job title.
Finally, ethnicity was not included in the regression models, because it did not have an effect
on perinatal outcomes or maternal occupation in the current sample. This could be due to the
majority (81%) of the current sample being White. However, the choice to work during
pregnancy could be dependent on ethnic origin and should be considered in future research.

7.5.4

Conclusion

According to the findings in this chapter, there is no evidence that moderate occupational
physical activity in twin pregnancies is harmful. Furthermore, evidence from previous studies
show that some physical fitness may be beneficial during childbirth197. Although occupational
psychological strain needs to be studied in more detail, the current findings suggest that jobs
with more responsibility may lead to shorter gestations and higher risks of neonatal admission.
Due to the methodological limitations and incomplete data of the current study, it is difficult
to provide clinically relevant advice. For now, advice on timing of maternity leave in twin
pregnancies should remain up to the discretion of the clinician, and decisions should be made
together with mothers when they have been fully informed about the inconclusive evidence
for a relationship between working during pregnancy and pregnancy outcomes as described in
the introduction and discussion sections of this chapter.
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“I wish I had your genes.” – BiRTHS parent

8.1 Abstract
Background: Increased body mass index (BMI) is a worldwide health issue. Individual
differences in the susceptibility to increased BMI could be related to genes or environment. I
performed a systematic review of genetic studies on BMI in pre-adolescence, young
adulthood and late adulthood.
Methods: I searched PubMed and EMBASE with heritability, body mass index, BMI, weight,
height, anthropometry and twins as search terms. Studies reporting intra-pair correlations of
healthy twin pairs that were raised together were included. This resulted in the inclusion of
8,179 monozygotic and 9,977 dizygotic twin pairs from twelve published studies in addition
to individual participant data for 629 monozygotic and 594 dizygotic pairs from four twin
registries.
Results: Structural equation modelling with intra-pair twin correlations showed that the
heritability of BMI remained high over all age categories ranging from 61% (95% CI 54-64%)
to 80% (95% CI 76-81%) for male and female subjects combined, while unique
environmental influences increased from 14% (95% CI 13-15%) to 40% (95% CI 37-43%)
with increasing age.
Conclusions: Heritability of BMI remains consistently high over different age categories.
Environmental changes over time do not seem to have as big a relative impact on an
individual's weight as previously reported, suggesting a mainly genetic influence on variation
in BMI over the years.
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8.2 Introduction
In the previous chapters, I have described my research based on the Birmingham Registry for
Twin and Heritability Studies (BiRTHS)78. Besides this, I have investigated the heritability of
body mass index (BMI) in a meta-analysis as part of my doctoral research 1 . Body
composition is a worry for many people and known to be related to various health issues. The
current obesity epidemic207, 208 has caused an increased emphasis on healthy diets, exercise
and research into possible causes and consequences of excess weight gain.

8.2.1

The obesity epidemic

Between 35 and 65% of the population in Europe and nearly 80% of the United States is
overweight (body mass index; BMI>25 kg/m2) or obese (BMI>30 kg/m2) according to the
latest estimates by the World Health Organisation. Furthermore, nearly 43 million children
under five were overweight in 2010209. Increased body mass is related to many health
problems, including cardiovascular disease and type 2 diabetes208. Causes of obesity and
overweight have been linked to the imbalance between calorie intake and physical activity210.
Over the past few decades, food has become more available, and cheaper. This, and the
changes in marketing of food, has led to people feeling more inclined to go out for meals and
buy more highly processed foods211. Jobs and modes of transport allow us to be sedentary for
most of the day, causing more energy intake than expenditure212.

1

This study was published in the European Journal of Epidemiology under the title ‘Heritability of BMI in preadolescence, young and late adulthood’ (Nan et al., 2012) and can be accessed via www.springerlink.com. A
copy of the published paper can be found in Appendix X.
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8.2.2

The heritability of BMI

In addition to these environmental explanations for excessive weight gain, there is evidence
that BMI also has a strong genetic component. Results on the difference in the genetic
influence at different developmental stages are inconclusive. It has been reported that the
heritability may increase from childhood into adolescence213, 214 and decrease215 after that.
This means that the relative importance of genetic and environmental effects on the variance
of BMI change over time. Common environmental influences within a twin pair seem to have
a larger influence in early life71, than in adulthood where common environmental effects are
negligible214, 215. Only a few studies have looked into gender differences in the heritability of
BMI. There is room for debate whether the heritability of BMI in males and females is
influenced by the same72 or different216 genes. Wisniewski et al.217 concluded in their review
that gender differences in relation to childhood obesity in particular have been understudied.
They argue that body composition and hormonal influences are different for males and
females, and thus gender differences should be investigated when looking at risk factors for
obesity.

8.2.3

Rationale of this chapter

Following a cohort from early life to late adulthood in order to estimate the heritability of
BMI is a lengthy process. It is much easier to collate data and results from various studies that
have investigated the heritability of BMI at different ages for a cross-sectional analysis. In
this systematic review I studied the heritability of BMI, using previously reported intra-pair
twin correlations from published studies and unpublished individual participant dataset (IPDs)
from four additional twin registries.
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8.2.4

Aim of this chapter

This chapter aims to:
•

investigate how the heritability of BMI changes in pre-adolescence, young adulthood
and late adulthood, and as a function of sex.

8.3 Methods
8.3.1

Search methods

I conducted a structured literature search of MEDLINE and EMBASE databases at regular
intervals until January 2012. Search terms that were used as free text and MeSH terms were
heritability, body mass index, BMI, weight, height, anthropometry and twins. See Appendix
IX for a diagram of the search results.
In addition to published articles, I obtained IPDs from the Netherlands Twin Registry
(NTR)218, Carolina African American Twin Study of Aging (CAATSA)219, Murcia Twin
Register (MTR)220 and the Leuven Longitudinal Twin Study (LLTS)221, which used subjects
from the East Flanders Prospective Twin Study (EFPTS)222, comprising a total of 1,223 twin
pairs. The height and weight data in the IPDs were used to calculate BMI and intra-twin pair
correlations in order for it to be in a comparable format to the published data.

8.3.2

Inclusion/exclusion criteria

Articles were included if the classic twin method was used on population-based samples,
where monozygotic and dizygotic intra-twin pair correlations on a trait are compared. Finally,
articles were selected if they reported intra-pair twin correlations on BMI of healthy
monozygotic and dizygotic twins that were raised together or published sufficient information
to calculate these correlations.
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Articles were excluded from the review if birth weight of the subjects was less than 500g or
gestational age at birth was less than 22 weeks, based on the minimum criteria for a viable
live birth as described in the International Classification of Disease (10th ed.)79. If several
articles were published on data from the same cohort, and it was unclear whether these were
the same subjects or not, the largest study was selected for inclusion. IPD entries with missing
zygosity, gender, age or BMI were excluded.

8.3.3

Statistical analyses

The studies were grouped into three age categories: pre-adolescence (9-11 years), young
adulthood (18-22 years) and late adulthood (49-65 years). There were two longitudinal
registries. The first one was the LLTS221, for which IPD data was available. Average BMI
was calculated for those subjects in the LLTS who had several measurements within one age
category. Average BMI was log transformed to reduce skewness of the data, before intra-twin
pair correlations were calculated.
The second longitudinal study was the Twins Early Development Study (TEDS). Data from
this registry were used in three papers223-225 within the 9-11 years category. Average
correlations were calculated by applying a Fisher’s z transformation on the extracted intratwin pair correlations.

Heritability analyses
Structural equation modelling, using correlations derived from published articles and the IPDs,
was done in Mx226, 227 to estimate genetic (A) and common (C) and unique (E) environmental
influences on the variance of BMI in each age category. Two models were fitted sequentially,
as proposed by Sullivan et al.228. The first model allowed for the factor loadings on A, C and
E to be freely estimated for each primary study229. These factor loadings were set to be equal
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across all studies in the second model. Heterogeneity was determined by calculating Chisquare differences between both models, and studies were considered heterogeneous if the
Chi-square difference was statistically significant at p=0.05. Estimates from the second model
are reported as pooled variance components228. I performed further sex-specific analysis,
which only included articles that reported intra-twin pair correlations separately for men and
women.

8.4 Results
8.4.1

Participants

Table 8.1 Characteristics of studies included in the meta-analysis.
Author(s),+year+of+publication Country

Method+BMI+measurement

Total+MZ+pairs Total+DZ+pairs

United+Kingdom Self+report+and+clinical+examination
1813
3279
Wardle+et+al.,+2008
United+Kingdom Self+report
2209
2536
Haworth+et+al.,+2008a17
United+Kingdom Self+report
1857
1669
Haworth+et+al.,+200818
United+States
Clinical+examination
41
25
Faith+et+al.,+199929
Sweden
Clinical+examination
1582
1864
Silventoinen+et+al.,+200826
Norway
Self+report
866
751
Harris+et+al.,+199524
Finland
Self+report
1173
2340
Korkeila+et+al.,+199125
Self+report
137
136
Carmichael+&+McGue,+19957 United+States
United+States
Clinical+examination
134
134
Cardon+et+al.,+199428
United+States
Clinical+examination
527
248
Wade+et+al.,+200131
Sweden
Clinical+examination
27
36
Nelson+et+al.,+200027
United+States
Clinical+examination
1974
2097
Stunkard+et+al.,+198630
Belgium
Clinical+examination
158
146
LLTS15
Netherlands
Self+report
341
277
NTR12
United+States
Clinical+examination
66
86
CAATSA13
14
Spain
Self+report
64
85
Murcia
MZ+=+monozygotic,+DZ+=+dizygotic,+LLTS+=+Leuven+Longitudinal+Twin+Study,+NTR+=+Netherlands+Twin+Registry,+CAATSA+=+
Carolina+African+American+Twin+Study+of+Aging,+Murcia+=+Murcia+Twin+Register
19

Sixteen studies were included in the final analysis, resulting in a total of 1,912 pre-adolescent,
5,367 young adult and 1,248 late adult monozygotic twin pairs, and 2,499 adolescent, 4,444
young adult and 1,375 late adult dizygotic twin pairs from population-based cohorts. Intrapair correlations were obtained from twelve studies, of which seven were carried out in
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Europe223-225, 230-233 and five in the United States215, 234-237. I acquired IPDs for the remaining
studies from three European twin cohorts218, 220-222 and an American twin registry219.

Table 8.2 Extracted sample sizes and intra-pair correlations by age category and study.
Article

Male
Monozygotic
Dizygotic
N
r((((
N
r

Female
Monozygotic
Dizygotic
N
r((((
N
r

Combined
Monozygotic
Dizygotic
N
r((((
N
r

Pre$adolescence
Wardle(et(al.,(2008229*
Haworth(et(al.,(2008a227*
Haworth(et(al.,(2008228*
Faith(et(al.,(1999239
LLTS225
NTR222

845
679
=
=
24
49

0.84
0.38
=
=
0.88
0.87

818
547
=
=
16
49

0.45
0.44
=
=
0.36
0.61

968
804
=
=
18
59

0.87
0.88
=
=
0.95
0.88

840
593
=
=
21
39

0.55
0.52
=
=
0.57
0.72

1813
1483
1857
41
42
111

0.86
0.86
0.86
0.85
0.93
0.88

3279
2090
1669
25
37
91

0.49
0.47
0.50
0.24
0.55
0.65

1582
380
379
1974
18
28

0.84
0.70
0.77
0.81
0.86
0.81

1864
342
817
2097
19
19

0.42
0.36
0.41
0.42
0.28
0.61

=
486
468
=
19
33

=
0.79
0.72
=
0.90
0.84

=
409
830
=
17
30

=
0.36
0.33
=
0.39
0.31

=
=
=
=
37
61

=
=
=
=
0.88
0.82

=
=
=
=
36
49

=
=
=
=
0.36
0.47

Young/adulthood
Silventoinen(et(al.,(2008236
Harris(et(al.,(1995234
Korkeila(et(al.,(1991235
Stunkard(et(al.,(1986240
LLTS225
NTR222
Late/adulthood
=
=
=
=
=
=
=
=
137 0.69
136 0.33
Carmichael(&(McGue,(1995219
238
134
0.67
134
0.24
=
=
=
=
=
=
=
=
Cardon(et(al.,(1994
241
131
0.53
68
0.35
396
0.59
180
0.37
=
=
=
=
Wade(et(al.,(2001
27
0.67
36
0.33
=
=
=
=
=
=
=
=
Nelson(et(al.,(2000237
11
0.89
19
0.38
22 0.67
24 0.38
33
0.75
43 0.37
CAATSA223
=
=
=
=
64 0.73
85 0.31
=
=
=
=
Murcia224
*Average(sample(size(and(intra=pair(correlations(of(these(studies(used(in(meta=analysis((rmz(=(0.86((N=1718),(rdz(=(0.48((N=2346).(
These(studies(are(combined(under(TEDS(in(further(analyses
MZ(=(monozygotic,(DZ(=(dizygotic,(LLTS(=(Leuven(Longitudinal(Twin(Study,(NTR(=(Netherlands(Twin(Registry,(CAATSA(=(Carolina(
African(American(Twin(Study(of(Aging,(Murcia(=(Murcia(Twin(Register

General study characteristics and intra-pair correlations for monozygotic and dizygotic twins
of all included studies can be found in Table 8.1 and Table 8.2 respectively. The sex-specific
analyses of the IPDs suggested no significant difference in variance components for male and
female subjects. Therefore, I reported results on the combined male–female meta-analyses
only. Forest plots of heritability estimates from each study are provided in Figure 8.1.
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Pre-adolescence

Young adulthood

Late adulthood

Figure 8.1 Forrest plots of individual and pooled heritability estimates of body mass index in preadolescence (9-11 years), young adulthood (18-22 years) and late adulthood (49-65 years).
LLTS=Leuven Longitudinal Twin Study, NTR=Netherlands Twin Registry, TEDS=Twins Early Development Study,
FTC=Finnish Twin Cohort, MGR=Multi-Generation Register, MBR=Medical Birth Registry, CAATSA=Carolina African
American Twin Study of Aging, Murcia=Murcia Twin Register, MTR & MTSADA=Minnesota Twin Registry & Minnesota
Twin Study of Adult Development and Aging, NHLBI=National Heart, Lung and Blood Institute Twin Study. Pooled
heritability estimates for pre-adolescence, young adulthood and late adulthood are 0.75, 0.80 and 0.60 respectively.

8.4.2

Heritability analyses

Figure 8.2 shows the variance components estimates for all age categories. Heritability of
BMI remains high over the age categories, with estimates of 0.75 (95% confidence interval
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(CI) 0.70-0.80) in pre-adolescence, 0.80 (95% CI 0.76-0.81) in young adulthood, and
somewhat lower in late adulthood at 0.61 (95% CI 0.54-0.64).
Shared and unique environmental factors seem to follow opposite patterns from each other.
As age increases, the proportion of shared environmental influences decreased from small to
negligible. Overall, the proportion of variance explained by unique environmental factors
seemed to generally increase from 0.14 (95% CI 0.13-0.15) in preadolescence to 0.39 (95%
CI 0.36-0.43) in late adulthood.
A model in which the proportion of variance explained by A, C and E were equated over all
studies for pre-adolescence and late adulthood fitted as well as the model with free estimates
for each individual study, suggesting there was no significant heterogeneity between the
studies. However, this was not the case in the young adulthood category, where significant
heterogeneity between the studies was present (χ2= 21.98, df=9, p=0.01).

Figure 8.2 Pooled estimates of additive genetic (A), common environmental (C) and unique
environmental (E) variance components of body mass index and their 95% confidence intervals for
males and females combined in pre-adolescence, young adulthood and late adulthood.
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8.5 Discussion
The findings show that heritability of BMI remains high over several age categories. Unique
environmental influences on BMI increase with increasing age group, while common
environmental factors decrease to being negligible at an older age.
Many studies, including the current, have shown that BMI is highly heritable72, 225, 231. So far,
about 20 susceptibility genes have been associated with obesity238,

239

. However, these

identified candidate genes only account for about 1% of the total genetic variation of obesity
and leave much to be discovered240. More specifically, matters are complicated by the fact
that different obesity related genes come into play at different stages in life; some play a role
in either childhood or adult obesity, whereas others are associated with both223,

239

,

emphasizing the importance of studying heritability of BMI at difference ages. No studies, to
my knowledge, have reported on the change in heritability over a lifespan. I investigated the
heritability of BMI in several age categories in an attempt to study this change.

8.5.1

Heritability of BMI

I found that the heritability of BMI remains high throughout the three age categories and
generally increases from pre-adolescence into young adulthood, in accordance with previous
studies223, 241, while it decreases after young adulthood. However, a recent study by OrtegaAlonso et al.242 found that the heritability of BMI does continue to increase up to old age.
Ortega-Alonso et al.242 suggest that narrower age ranges may be able to show this increase
later in life, as the rate of change seems to slow down with age. Contrary to this study, which
only included women in young to late adulthood, my analyses included both male and female
subjects from pre-adolescence to late adulthood. The inclusion of male subjects in my
analyses could be an alternative explanation for why I have found a decrease of heritability in
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late adulthood, where Ortega-Alonso et al.242 did not. More data on BMI of older twins would
be needed to verify or refute this.
I have shown that common environmental factors have less influence on individual difference
in BMI in late adulthood, whereas unique environmental influences increase steadily from
pre-adolescence to late adulthood. This pattern is not surprising as we expect their interests
and lifestyles to diverge as twins separate from their shared household243. My findings of high
heritability, while common environmental factors become negligent after young adulthood
add confidence to the growing evidence within the field244.

8.5.2

Limitations

To my knowledge, this is the largest meta-analysis on the heritability of BMI at several ages
that combines published correlations and raw data in the same analysis. A large review of
published estimates by Maes et al.245 showed similar results. Additionally, Maes et al.245
performed a more comprehensive raw data analysis which included data on relative body
weight of parents, siblings, spouses and offspring of twins. This method allows for the
investigation of any kind of special twin environment that could influence heritability
estimations, which is not possible with the classical twin design that I have used in the current
meta-analysis. Not only do familiarity, genes and environment separately play a role in
determining BMI, interactions between food intake, physical activity and genetic
predispositions to excessive weight gain are also possible explanations for obesity246, 247. My
data did not allow for the investigation of possible gene-environment interactions. Another
limitation to the current study is the choice of three age categories. The timing of pubertal
growth spurts depends on genetics1, 248, diet and physical activity249. The conclusion might
have been different if I had been able to include more categories in the analyses. However,
due to lack of raw data for subjects in puberty, I decided to not include this in the analyses.
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More data would be needed to adequately investigate this. Due to the nature of our data I was
also not able to adequately investigate possible sex differences in heritability of BMI. Some
studies have shown that there is indeed a sex difference, such that heritability estimates for
women are generally higher than for men72, 250. Information on dizygotic opposite sex twin
pairs would be needed in order to perform these analyses.

8.5.3

Clinical relevance

Many studies are investigating possible causes and remedies for obesity and its health
consequences, with physical activity and inactivity251-253 amongst the most common
environmental factors that are studied. However, only few studies have looked into the
genetic influences on obesity and how these change over a lifetime254.
My findings suggest that there are differences related to either gene expression or geneenvironment interaction at different ages across the age categories. The lack of significant
heterogeneity in our pre-adolescent and late adulthood data from several countries and over a
number of years suggests that genetic influences are still strong, despite the increased relative
environmental influence on individual differences in BMI. This in turn suggests that the
effectiveness of any environmental intervention would be largely dependent on an
individual’s genetic predisposition to weight gain and weight loss. Therefore, interventions
would probably be most effective if aimed at certain risk groups as opposed to the entire
population. This would, however, not be the most efficient method of treating and preventing
obesity.
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8.5.4

Conclusion

The results in this chapter give reason to do more research into this in order to improve
current interventions for overweight and obesity. Moreover, the results confirm that the
known candidate genes for obesity only make up for about 1% of the heritability of BMI.
Therefore, more obesity-related genes are yet to be identified. My findings also suggest that
findings from longitudinal studies would be plausible, as the relative influences of the
variance components seem to stay stable over time. In any of these instances, variance
components estimates in young adulthood should be verified first. As longitudinal studies
over an entire lifespan are not the most time-efficient when looking at changes in heritability
of BMI, a cross-sectional study would be the best approximation. A cross-sectional or a
combination of cross-sectional and longitudinal studies with raw data could shed more light
on the relationship between genes, environment, age and BMI.
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“Coming together is a beginning.
Keeping together is progress.
Working together is success.” – Henry Ford
In the introduction of this thesis, I outlined twin-singleton differences in growth and
psychological development. There was reason to believe that the effects of ante- and perinatal
risk factors on postnatal development (found in singleton research) may be different in twins.
Little is known about the effect of risk factors, such as poor antenatal growth, low birth
weight and shorter gestations, on the development of healthy twins in the infancy period. I
therefore set out to investigate these effects in this thesis. To demonstrate the use of the twin
design in epidemiology and to illustrate the changes in genetic and environmental influences
on BMI, I included the heritability of BMI as a sub-study in my doctoral research.

9.1 Summary of findings
The most important findings in this thesis are that:
•

twins perform below the normal range in the first year of life when assessed with a
singleton-based questionnaire, even when low birth weight and shorter gestations have
been taken into account. Particularly gross motor skills seem to take the longest time
to catch up to singleton standards. Furthermore, in contrast to previous singleton
studies, older maternal age does not seem to have a protective influence on early
developmental skills and very little association was found with low birth weight. This
could indicate that the influence of antenatal factors could be more important than
postnatal factors in infancy (Chapter 4);

•

larger antenatal head circumference in late pregnancy (approximately >33 weeks)
seems an important indicator of decreased gross motor skills in infancy. This could be
related to antenatal brain development and insufficient antenatal synaptic pruning
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(Chapter 5) or the postnatal changes in communicative and problem-solving skills
might not be large enough compared with gross motor skills to detect any effects;
•

there is indeed a twin-singleton difference in postnatal growth. Increased weight gain
and head circumference growth were associated with worse developmental skills at 24
months, implying that an early focus on physical growth, or apparent catch-up growth,
may impair later developmental performance (Chapter 6);

•

according to findings in this thesis, there is no evidence that moderate occupational
physical activity in twin pregnancy is related to adverse outcomes. However, jobs with
more responsibility may lead to shorter gestations (Chapter 7);

•

heritability of BMI remains consistently high over different age categories, which has
consequences for the search for obesity-related genes and interventions (Chapter 8).

As the results and limitations have been discussed in detail in each individual results chapter,
I will focus more on putting my findings in the context of neurodevelopment. I will also
discuss the implications for clinical practice and future research, and the dissemination of my
findings.

9.2 BiRTHS in context
9.2.1

Theoretical model

In Chapter 1, I proposed a diagram that described the relationship between antenatal risk
factors and developmental delays (Figure 1.3). I investigated the relationships that were based
on previous literature (solid lines) and did not find the expected relationships between birth
outcomes and developmental skills. My next step was to investigate potential other paths to
developmental delays (dashed lines). The results from Chapter 5 suggested that worse infant
developmental skills might be related to impaired antenatal development of the brain, for
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which antenatal head circumference could be a proxy. Hüppi et al. (1996)255 provide some
evidence for this theory, as they found that preterm infants had structural brain development
delays and behavioural delays at corrected age 40 weeks, compared with term-born infants. It
is more likely that delays in brain development occurred due to unfavourable antenatal
conditions than due to preterm birth255. Therefore, it is likely that delayed brain development
could be observed in utero and should be included in the theoretical model as an additional
pathway between unfavourable antenatal conditions and developmental delays. Furthermore,
there is some evidence that early postnatal catch-up growth is associated with worse
developmental skills55 as outlined and investigated in Chapter 6, but it remains unclear
whether there is a direct association between delayed postnatal growth and developmental
delays and requires more research.
Myelinated white matter, which is important for communication between different brain areas,
has been reported to be decreased in low-risk preterm infants without brain injury255.
Furthermore, decreased myelination has been suggested to occur specifically in frontal and
pre-central brain areas256, which are important for executive and motor functions257,

258

.

Preterm infants were also found to have decreased cortical volumes in certain brain areas,
including sensorimotor, which were related to decreased cognitive skills at 8 years259.
Furthermore, cortical brain volume in twins born after 33 weeks gestation was decreased
compared with singletons of the same gestational age260, which could be an indication of
placental insufficiency during the last trimester in twin pregnancies19 and suggests that
healthy twins would still be at higher risk of developmental delays compared with same-aged
singletons. The specific brain areas that seem to be affected by preterm birth could explain
findings of worse development in motor skills in previous studies55, 118 as well as in this thesis.
Currently, potential postnatal supplements to improve growth and brain development (and
consequently cognitive performance) in preterm infants are caffeine261, glutamine262 and fatty
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acids263. However, in light of preventing developmental delays, it would be useful if we could
identify a relationship between antenatal delays in brain or physical development and adverse
antenatal conditions due to maternal smoking, stress, insufficient nutrition (placental
insufficiency) or obstetric complications among others. Although unfavourable antenatal
conditions have been associated with adverse pregnancy outcomes that are related to
postnatal growth and developmental delays54, the association of maternal and obstetric factors
with antenatal brain development remains unknown. Technological advances make it
possible to perform magnetic resonance imaging of the foetal brain264, 265, which is currently
useful in clinical practice for the diagnosis of abnormalities. Additionally, this technique
could have the potential to provide a clearer picture of antenatal brain development and how it
is influenced by environmental factors.

9.2.2

BiRTHS in numbers

The original plan for BiRTHS was to recruit 220 families (440 twins), who would complete
the 2-year follow-up. In reality, I only recruited 170 families for the 2-year follow-up study,
of which about half could be included in my analyses due to incomplete follow-up data. The
main reason for this was that recruitment was slower than anticipated and therefore, those
who were recruited in the last year of the study period would never be eligible for the 18- or
24-month follow-up. Also, parents were often too busy or forgot to complete the
questionnaires on time and were often very reluctant to come back to the hospital for
anthropometric measurements of the twins. This resulted in disappointingly small amounts of
useable data and occasionally ‘sub-optimal’ statistical methods to compensate (e.g. Chapter 6).
Furthermore, the fact that I had data for less than half of the follow-up measurements for most
families, forced me to estimate longitudinal trajectories with the use of cross-sectional
methods (Chapters 4 and 6). The small amount of useable data was also due to the
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questionnaires that were used. For example, we did not ask any questions that were related to
parental socioeconomic status and did not use more comprehensive questionnaires for
occupation and physical activity. I might have been able to perform more detailed analyses in
this thesis if I had had more data on these variables.
Based on the original power calculations, 170 families would be too few to perform any
heritability analyses. Therefore, I did post-hoc power calculations to determine whether I had
sufficient power to detect mean differences, which was the basis of most of my analyses. A
sample size of 150 was of sufficient size to detect differences of at least 0.23SD on a
standardised scale if power=0.80 and α=0.05, or 0.28SD if α=0.01. Minimal detectable mean
differences were 0.27SD (α=0.05) and 0.32SD (α=0.01) if power=0.90. Despite having
sufficient power to detect mean differences presented in this thesis, some results were based
on very little data, particularly in the second year. All of these issues combined may have
lessened the strength of my study and prevented me from providing more conclusive answers.
Instead, the results I present provide a more general overview of infant twin development and
could provide guidance for more detailed investigations of potential risk factors in future
research.

9.2.3

Representing the United Kingdom

Considering that BiRTHS was meant to be a population cohort, it is important that the cohort
is representative of the UK population. Ethnicity has been previously found to moderate the
effect of other factors that influence child development. For example, women in ethnic
minority groups, particularly Pakistani and Bangladeshi women who make up most of the
minority groups in the West Midlands266, tend to be unemployed more frequently than women
of other ethnicities and generally choose parenthood over employment267. On the one hand,
this could be related to socioeconomic disadvantages, which have been linked to more strict
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parenting styles5 that might lead to worse developmental outcomes in children268. On the
other hand, children might receive more undivided attention from unemployed parents, which
may positively influence cognitive development123.
According to data from the Office of National Statistics (ONS)269 closest to the peak
recruitment period for BiRTHS (mid-2009), about 88% of the population in England and
Wales were White and 86% in Birmingham266. The ethnic diversity in BiRTHS was very
similar, with the majority (81%) being White. The large proportion of White participants
could explain why the addition of ethnicity did not improve the regression models in this
thesis. Additionally, average maternal age in BiRTHS was similar to that reported from other
twin studies within71, 270 and outside of the UK271, and within the range reported on the UK
population by ONS272 (25-35 years for singletons and multiples combined).

9.2.4

Potential bias

Although similar to English and Welsh proportions, ethnicity could have been related to
sampling bias in BiRTHS, whereby non-English speaking parents were not approached as
translated study materials were not available and follow-up sessions would be very difficult to
arrange. I did not record any details of families that were not approached or declined consent.
It is therefore not possible to estimate how recruitment from three specific hospitals, of which
two were located in very ethnically (and socioeconomically) diverse areas, could have
influenced selection bias. However, it is possible that we may have excluded a
disproportionately high number of non-English speaking parents than if we had included a
wider range of hospitals in our study.
As described in section 9.2.3, ethnicity has been related to parental268 and socioeconomic5, 273
factors that might influence child development. Furthermore, there are differences between
ante- and postnatal growth of Caucasian children and children of other ethnic backgrounds274135
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. The exclusion of non-English speaking parents may therefore have led to an

overestimation of developmental trajectories and ante- and postnatal growth patterns. Also, it
is possible that the effect of potential risk factors for developmental delay may not be
representative for the general population, as the relationship between ante- and perinatal risk
factors and postnatal development may be mediated by ethnicity or socioeconomic status.
Although there is no data to quantify the proportion of non-English speaking parents in the
UK population, it is unlikely that this group would be sufficiently large to have significantly
changed my results.
Participation bias is another common issue in cohort studies, which often include a
disproportionately high number of participants who are well educated and in paid
employment, because they are more likely to participate in research studies277. A similar trend
for participation bias can be found in the BiRTHS cohort where 85% of parents were in paid
employment, compared with an overall 71% in the UK during the study recruitment period266.
In Chapter 7, I described the current literature on maternal employment and pregnancy
outcomes. As various studies have reported different findings, ranging from negative to
positive associations, it is not possible to determine whether having fewer unemployed
parents or more white-collar employees in the study sample could have caused an over- or
underestimation of the results and how large this over- or underestimation would have been.
Taking these biases into account, results that are presented in this thesis can only be applied to
the general population with confidence when the external validity can be confirmed. Other
types of bias are unlikely to occur in cohort studies and are therefore not discussed.

9.2.5

Twin registries around the globe

In Chapter 8, I have already mentioned several twin studies and registries in other countries.
Van Dongen et al. (2012)278 provide a comprehensive overview of many twin registries within
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and outside of Europe. The variation in primary research interests for these twin registries is
large. They include the Barker hypothesis222, ageing279, cognitive development280, and
cardiovascular disease281. The BiRTHS research theme fits in well with these health-related
themes and adds the advantage of antenatal participant recruitment, which seems to be unique
at the moment. This has been particularly valuable in that social support, depression and
physical activity data in pregnancy were collected prospectively. Also, the prospective nature
of the study and regular follow-up of participating families has great potential to provide
important information about the development of twins and the wellbeing of their parents from
a very early age onwards. Contrary to surveillance studies or studies that mainly rely on
medical databases282, BiRTHS makes use of hypothesis-driven data collection, which means
that the collected data is sufficiently detailed to adequately answer specific questions that are
raised in previous research or clinical practice (in this case longitudinal follow-up of growth
and development). Finally, some established registries extracted anthropometric data from
medical records283,

284

. However, this could increase measurement error as hospital staff

turnover is quite frequent and measuring equipment could vary between clinics. Having only
a few trained researchers to take measurements with the same equipment has likely minimised
measurement error in the BiRTHS cohort.
Data collection (other than anthropometric data) in other studies ranges from postal
questionnaires (e.g. in the Australian Twin Registry285) to in-depth interviews in the
Chinese286 and German287 twin registries. The choice to use postal questionnaires to assess
developmental skills in BiRTHS was a practical one. The Ages and Stages Questionnaire
(ASQ-3; psychometric values described in Chapter 4) was a time-efficient alternative for
larger test batteries that can take up to several hours to complete, such as the Griffiths Mental
Development Scales95. Not only would it have been unfeasible to provide face-to-face
assessments at each follow-up, parents would very likely be overwhelmed if their twins were
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assessed in person each time288. Furthermore, face-to-face assessments would only be a
reflection of a specific moment of contact with the twins. Parents, on the other hand, can see
their children develop every day and could answer questions about their children’s
development better than a researcher could during a home or clinic visit. One could argue that
the ASQ-3 is limited, as children cannot score higher than ‘normal development’ on each
subscale. However, this is unlikely to have been an issue in the current study, because most
twins performed below the mean and would probably not have scored ‘above average’ on
more comprehensive assessments that include ‘better than normal’ categories.

9.3 Clinical implications
9.3.1

Twin-specific standards

Several previous studies23, 48 have already stated that twin-specific growth charts should be
developed due to ante- and postnatal twin-singleton differences. The unsuitability of singleton
growth standards and definitions can be exemplified by cases of stunting. Stunting is defined
as length below the 5th percentile on an age-appropriate growth chart289. It has been
previously associated with poor cognitive outcomes66, 162. However, I found no associations of
length with developmental skills although the twins in BiRTHS were below the 3rd percentile
in the first 3 months. There are several possible explanations for these different findings. The
first is that previous studies on stunting reported results of developing and low-income
countries66, 162, and may not be comparable to twins in the UK. It is also possible that there is
a twin-singleton difference between the association of length and developmental skills,
although there is no evidence to support this. Finally, the most likely reason is that the
definition of stunting cannot be correctly applied in infant twins, because it is more likely for
twins to fall below the 3rd centile at this early age due to different twin growth trajectories in
138

Chapter 9: General discussion – C. Nan (2012)

infancy48. Similarly, antenatal growth patterns differ significantly from that of singletons141.
This, together with findings presented in this thesis, strengthens the argument for twinspecific growth standards. Although some postnatal growth charts already exists48, 49, only a
few antenatal growth charts are available for twins, but based on birth weight23, 290. In their
2011 report, the National Institute for Health and Clinical Excellence recommended to use
prospective ultrasound data in order to create more accurate twin-specific growth charts291.
Growth measurements from BiRTHS combined with available ultrasound data from other
twin cohorts could be used to achieve this.
Considering that infant twins show developmental delays compared with singletons and
higher multiples follow similar or even worse developmental trajectories292, one could argue
for the creation of twin-specific norm scores in developmental assessments. However, only 12% of deliveries are twin births11, 293 and higher multiples are even rarer293. As development is
dependent on many country- or culture-specific factors, such as ethnicity and socioeconomic
status276, this would mean that country-specific twin standards would need to be created.
Furthermore, developmental assessments should be based on one norm group to be
meaningful. Therefore, it is questionable whether the creation of twin-specific norms for
developmental assessments would facilitate useful interpretations of the results. Regardless of
whether twin-specific growth and developmental standards are available or not, clinicians and
researchers should be aware of these differences to interpret assessment outcomes
appropriately.

9.3.2

Pregnancy management guidelines and maternal occupation

To provide twins with the best possible start to life and development, it is vital to investigate
potential risk factors during pregnancy. Because many mothers are in paid employment and
continue to work throughout their pregnancy176, I studied the association of occupational
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physical activity and psychological strain with perinatal outcomes in Chapter 7. Most
guidelines by the Royal College of Obstetricians and Gynaecologists294 regarding physical
activity are subjective to the woman’s own health and the health of her pregnancy. However,
increased body temperature following physical activity in pregnancy has been related to
detrimental effects on foetal development295, regardless of maternal physical fitness.
Therefore, low-impact physical activity that does not increase maternal body temperature is
recommended296. Supplementary to leisure-time physical activity in previous research, I
found no evidence to discourage light to moderate occupational physical activity in twin
pregnancy.
It has already been established that mothers of twins experience excessive amounts of stress
compared with singletons271, 297. Although work-related psychological strain has been taken
into account in the current occupational health and safety guidelines in the United Kingdom,
this additional psychological burden of a twin or higher multiple pregnancy is not
acknowledged. I found that jobs with more responsibility (higher psychological strain) might
lead to shorter gestations and higher risks of neonatal admission (Chapter 7). It should be
noted that my study mostly included jobs that involved moderate physical activity and
psychological strain. Further research in a wider range of jobs is needed before more
definitive guidelines can be made. Nonetheless, employers should be aware that psychological
strain may be related to adverse outcomes in twin pregnancies and appropriate measures
should be taken, such as regular evaluations and offering shorter working days or longer
maternity leave to relieve work stress.

9.4 Future research
Findings described in this thesis suggest that more research is needed, particularly in the area
of antenatal growth in relation to developmental skills. As explained in Chapter 5, studies of
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antenatal head circumference and developmental skills did not provide consistent results.
Although further research is needed to clarify this relationship, it is also important to
determine whether any interventions are possible to optimise antenatal head circumference.
For example, maternal smoking and the use of folic acid supplements have been related to
foetal growth152 and could provide interventions that would be fairly straightforward to
implement. I do recommend that any future research should be conducted in collaboration
with clinicians and potentially researchers from other disciplines, so that results can be as
comprehensive as possible. In the following paragraphs, I will describe the various
possibilities for collaboration and how these can fit in an ideal study design.

9.4.1

Research questions arising from clinical practice

In the 2011 Health and Lifestyle survey undertaken by the Twin and Multiple Births
Association (Tamba), parents were asked to review their experiences with UK health care
services in the first 18 months of their children’s lives298. The report that followed this survey
stated that postnatal depression rates had declined since 2008, following improved support
from health care professionals and Tamba. However, only 36% of parents were offered parent
education classes specifically aimed at multiple births, and 21% of mothers were unprepared
for the possibility of their children to be premature and admitted to special care wards.
Furthermore, advice about breastfeeding was considered inadequate and contradictory.
Recommendations were made following the report. In summary, both health care
professionals and parents need to be provided with better training and support in order to
prepare for the birth and infancy period of multiples. Also, other surveys have resulted in
proposals for better education of hospital staff and expectant mothers198, 299, as they seem to
believe physical activity would be harmful and therefore avoid it unnecessarily. These are
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examples of how surveys of current clinical practice could give direction to translational
research.

9.4.2

Cross-disciplinary collaborations

The model I presented in Figure 1.3 can only be verified and expanded by collaborating crossdisciplinarily. The components in the model are likely to be mediated by maternal mental
state146, 300, socioeconomic5, 268 and genetic factors68-70, and interactions between parents and
children123,

129

. In Chapters 1 and 8, I described how twins could be used to study the

heritability of traits. However, (epi)geneticists could use the collected DNA in BiRTHS to
investigate heritability in more detail by identifying specific genes involved in certain traits
for example. Similarly, there is more data on maternal and infant health and social factors in
BiRTHS that can be used by colleagues in other fields. Particularly social scientists and
developmental psychologist might be interested in these data.
The first of such cross-disciplinary collaborations was with the Department of Psychology at
The University of Birmingham for which parents in BiRTHS were offered the option to
participate in an infant electroencephalogram (EEG) study at 3 months at our clinic at
Birmingham Children’s Hospital. The EEG study aimed to identify the relationship between
infant brain activity and maternal depressive state, in which the twins in BiRTHS served as a
control group.

9.4.3

Database linkage

Collaborations on a larger scale have resulted in linkage of various databases, making studies
even more interesting and powerful. Some established twin registries have set up
collaborations with military service records283 or even government and medical records using
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personal identification numbers279, 282, 301. Although data collection is limited to the available
data in these records, it is an efficient method of identifying eligible participants (twins and
higher multiples in this case) and to reduce loss to follow-up due to address changes. There
have also been initiatives to link various research databases across borders and disciplines.
Linkage of twin studies across borders has led to the GenomEUtwin project302, in which 12
studies pooled their data for genetic analyses. The general aim of such a project is to enhance
datasets in order to identify genes that may not be identified in individual datasets. The
Biobanking and Biomolecular Resources Research Infrastructure303 consists of 59 members,
including research institutions, research councils and government bodies. It serves as a
platform to facilitate and collaborate on biomedical research. Including twin studies
(GenomEUtwin for example) could create new possibilities for genetic and heritability
research.
Linking various databases for more than just recruitment is a powerful tool to enhance the
currently available data in individual studies. Some studies make use of indirect patient
identifiers (probabilistic matching) to match patients included in each database304. This avoids
the ethical issues of confidentiality and patient privacy, but it is not a full-proof method, as
details may change or incorrectly recorded in different clinics. Dokholyan et al. (2009)305
outline the regulatory and ethical issues involved in linking clinical databases. They suggest
that any database set up for research purposes should be reviewed by an independent review
board and that patient consent should be asked before collecting personal identifiers. However,
there are currently no widespread guidelines for the linkage of databases with personal
identifiers. This is particularly an issue if researchers had unlimited access to patients’
personal details. It is therefore important to outline the extent to which databases will be
linked before the start of a study. Furthermore, there is a need for transparency towards
potential research participants, particularly in the informed consent stage. More research into
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database linkage is needed in order to determine the best method to conduct large-scale,
collaborative studies, while preserving the rights of participants.

9.4.4

The role of multimedia in research

Bringing research to the attention of the general public to recruit participants can be done
through modern media as demonstrated in the German Observational Study of Adult Twins287,
where the study was published in the newspaper. One mother was recruited into BiRTHS
after she had seen the study referenced in a self-help book306. It shows potential for references
in the media as a recruitment tool and may have been more beneficial for BiRTHS
recruitment if we had known about the author’s intent to refer to the study.
Not only can the media be used in the recruitment process, it is also an efficient way to bring
research findings to the attention of the general public. In the case of twin research,
established associations like Tamba are an important source of information for interested
individuals. Many twin registries even maintain websites to update the public about the latest
findings and events278. Companies have already found the development of online social
networks, such as Twitter and Facebook, a successful method of marketing their products307.
Using the profitable business as an analogy, researchers could market their research via these
social networks and ensure that anyone who is interested can have access to the available
information. The use of non-scientific media to convey research findings to the lay public
comes with a major issue of misinformation. Researchers should ensure they provide
sufficient context for the study and outline important limitations in press releases and
interviews308, 309. It is therefore important that researchers, clinicians and journalists work
closely together to provide the public with the best possible information.
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9.4.5

An integrated study design – the future of twin registries

There are currently initiatives to combine the various collaborations described in §9.4.1-9.4.4
into one large research design, in which there are links between researchers, clinical
professionals, the media and the general public. The EPOS consortium310 is working on such
a design in the field of geoscience, for example. However, although the various collaborations
occur individually in twin research, there has not yet been a move towards an integrated
design. Figure 9.1 is a simplified diagram of the study design that I propose for future twin
research, based on the EPOS consortium design and existing collaborations in twin research:
Clinicians, who see twin families, raise potential research questions with researchers. Ideally,
researchers should make use of cross-disciplinary collaborations and database linkage to
investigate the proposed research questions. Research findings are fed back to clinicians via
journal publications and suggestions for policy or guideline updates. Researchers outside of
the consortium can also be reached via journal publications. Finally, clinicians and
researchers inform the media together, so that twin families and the general public can receive
relevant information. The main condition in order for this model to work (aside from ethical
issues) is communication between the various parties involved, particularly between clinicians
and researchers. Efforts should be made to investigate the feasibility of this model and closer
collaboration between clinicians and researchers should be encouraged.
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Clinicians.

Twin.families.

Media.

Policy/guidelines.
Cross%disciplinary.
research.consor1um.

Journal.
publica1ons.

General.public.
Other.researchers.
Figure 9.1 Proposed integrated study design for twin research.
Dashed lines (---) represent pathways for feedback, solid lines represent pathways for direct communication.
Cross disciplinary research consortium includes database linkage where possible.

9.5 Conclusion
The goal that I had in mind for this thesis was to provide additional information to clinicians,
researchers and parents of twins so that they are better prepared for what to expect and
understand why twins may seem to differ from singletons in terms of physical and cognitive
development. I was unable to provide conclusive answers to the questions I had set in Chapter
1, because I did not achieve the intended size and completeness for the dataset. However, I do
believe that the information provided in this thesis is of value, because only very limited
information is currently available on the development of twins in infancy.
On one hand, clinicians and researchers should be aware of twin-singleton differences and
should take these into account when assessing twin growth and development. This is
particularly important when providing feedback to parents, as it can be quite distressing to
hear that their child is underperforming according to current standards. On the other hand, the
research presented in this thesis should be an additional source of information to parents, who
have frequently told me that the available information about twins is insufficient or irrelevant
to their situation (e.g. development of extremely premature twins or twins with severe health
issues, while their twins are healthy). Until the first results from BiRTHS have been published,
I have endeavoured to provide as many ways as possible for parents to contact me for
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information and for me to keep them informed about recent analyses and presentations. Once
studies have been published, parents should be able to access further details via Tamba.
The findings presented in this thesis will need to be replicated in other populations and a more
complete dataset. More research is needed, particularly with regard to ethnicity and potential
biological explanations of developmental delay. Further follow-up of the twins is needed to
study any environmental influences as children grow up. Nonetheless, the current study
provides promising results and should be considered a stepping-stone for further research into
the influences of ante-, peri- and postnatal factors on early child development. The BiRTHS
cohort provides a good platform to continue this research. However, as population-based
cohort studies rely heavily on sufficient participants, the future potentially lies in the
collaboration between researchers, clinicians and the media to generate more public
awareness and enthusiasm for research participation.
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A-I.i Patient information sheet

The Birmingham Registry for Twin and Heritability Studies (BiRTHS)
Chief Investigator:

Prof Maurice Zeegers
The University of Birmingham

Name of your doctor:
Name of your hospital:

PATIENT INFORMATION SHEET
We would like to invite you to take part in a research study and registry of multiples and their
family members. We are currently recruiting expectant parents of twins or more who have
been referred to a special multiples clinic.
The aim of this study is to provide insights into the way differences between individuals are
determined by hereditary and environmental influences. We would also like to investigate
how life of parents of multiples changes from a social point of view. In order to take this
research forward we are asking parents expecting multiples to join the Birmingham Registry
for Twin and Heritability Studies (BiRTHS). With the help of registered multiples and their
families, the BiRTHS will examine the influence of genes and environment on the growth and
development of children. We would be grateful if you would join the BiRTHS and fill in a
few questionnaires when you come to the hospital for your antenatal appointments and after
delivery. We would like your permission to take cord blood from your babies to genetically
determine whether they are identical or non-identical. We will feedback this information to
you. We do not take blood from the babies themselves. Once registered, we will invite you
and your babies to a special multiples clinic for regular follow-ups not only of growth and
weight, but also to monitor your babies’ development in detail. After each visit you will
receive detailed feedback on the developmental status of your children. In addition, we will
look through your and your babies’ medical records and will ask you to complete short and
easy to fill in questionnaires. You also have the option to participate in an
electroencephalogram (EEG) study, in which your babies’ brain waves will be measured. This
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is a safe procedure that is not invasive or painful. You will find more detailed information
about this included in your information pack.
Taking part is entirely voluntary. Before you decide whether you would like to join, it is
important for you to understand why the research is being done and what it exactly will
involve. Please take time to read the following detailed information carefully and discuss it
with others if you wish. Please do not hesitate to contact me if anything is not clear or if you
would like more information. Please take time to decide whether or not you wish to take part.
Thank you for taking the time to read this information sheet. A BiRTHS team member will
speak to you again at your next clinic appointment to discuss whether you wish to participate
in the study or not.
Yours truly

Professor Maurice Zeegers
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Detailed study information
1. What is the purpose of the study?
In this study we investigate the influence of genes and environment on the
development of children. We will also investigate how life of parents of multiples
changes from a social point of view. This will include research on the relation
between maternal depression and child development. This has not been investigated in
mums of multiples so far.
2. Why have we been chosen?
You have been referred to a special multiples clinic as you are expecting more than
one baby. We are asking prospective parents of multiples to join the Birmingham
Registry for Twin and Heritability Studies. We intend to recruit at least 200 twins
over the next two years.
3. Do we have to take part?
It is up to you to decide whether or not to join. You do not have to decide straight
away. When you come to antenatal multiples clinic, you will be asked if you would
like to join the registry and participate in the study. If you agree to take part you will
be asked to sign a consent form. If you do decide to take part you are free to withdraw
at any time without giving a reason. A decision to withdraw at any time, or a decision
not to take part, will not affect the standard of care you and your babies receive or
your or your babies’ relationship with your doctor.
4. What will happen to us/our babies if we take part?
Once you have agreed to take part and have signed a consent form, a scientific study
will run alongside your and your babies’ standard care. When you come to antenatal
clinic and to the follow-up appointments for your babies we will ask you to fill in a
questionnaire. The questions will be on your background, medical history and
lifestyle. We would need you to give us about 30 minutes of your time to fill in the
questionnaires. We will also ask you to let the midwife take blood from the placental
end of your babies’ umbilical cords at birth. We do not take blood of your babies. In
addition, we will ask you to give us permission to look through your and your babies’
medical records. After discharge, we will invite you to regular follow-up clinics at our
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clinics at Birmingham Women’s Hospital or Birmingham Children’s Hospital. These
clinics will be held every 3 to 6 months. At each visit your babies’ growth and weight
will be measured and a detailed developmental screen of your children will be carried
out. After each visit you will receive detailed feedback on the developmental status of
your children. We will also ask you to fill in a questionnaire at each visit. The
questionnaire will contain questions about changes in your lifestyle after the birth of
your babies. For your convenience and to avoid any double investigations we will ask
for your permission to look through your babies’ personal child health records (“red
booklets”). We can document our findings in the babies’ personal health record. Each
follow-up appointment will take about 45 minutes.
At the moment we have funding to run the study over a 2-year period. However, as
we will collect data on growth and development there will be a much longer period of
interest. This study could be considered a first approach to future studies, so we might
come back to you and your babies later and ask for further follow-up appointments.
Of course any subsequent study will have separate ethical approval and we will ask
you and your children for consent.
5. What do we have to do?
Other than your normal care we would need you to complete our questionnaires and
to donate samples of your babies’ cord blood at birth. In addition, we would need you
to visit the special postnatal clinics for further follow-up of your babies.
6. What will happen to the blood samples taken as part of this study?
The blood samples will be stored centrally at a laboratory at The University of
Birmingham. These blood samples will be used to genetically determine whether your
babies are identical or non-identical. We will feedback this information to you. In
addition, we would later use the samples donated as part of this study for future
research. Such research projects have not yet been planned and could occur many
years in the future. These future research projects may involve studies of your babies’
genes and DNA. By giving your consent for your babies’ blood to be stored you will
be offering your babies’ samples as a gift.
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The blood and DNA samples will be stored under strict confidentiality and security
and are coded, so that researchers receiving the samples do not know your or your
babies’ names or any other personal details. Researchers who wish to use the samples
that are stored will only be given access to the samples after their research has been
approved by an independent Research Ethics Committee who makes sure that the
research is in the interest of patients and is carried out safely.
7. What are the possible disadvantages and risks of taking part?
There are no risks of taking part. This study will run alongside your and your babies’
routine care and follow-up; it will not influence this process.
8. What are the possible benefits of taking part?
There is no intended immediate clinical benefit from taking part in this study.
However, your children’s growth and development will be closely monitored for the
first two years of their life. After each visit you will receive an extensive report about
your babies’ development. If we are concerned, we will inform you and your GP, and
a specialist appointment will be arranged. Furthermore, we will be able to tell you
whether your children are identical (“monozygotic”) or non-identical (“dizygotic”).
You will receive this information. The information obtained from this study may
result in changes in the future care and follow-up of expecting mothers during
multiple pregnancy and care and follow-up of their babies.
9. What if new information becomes available?
This study does not influence your routine care and follow-up. However, any new
discoveries or information relating to this will automatically be incorporated into the
standard treatment provided by your doctors.
10. What happens when the research study stops?
When the study stops your and your children’s routine care and follow-up will
continue in the normal way, although it may incorporate new discoveries or
information generated by this study.
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11. What if something goes wrong?
As this study does not influence your and your babies’ routine care and follow-up, the
normal National Health Service complaints mechanisms should be followed.
12. Will my/our taking part in this study be kept confidential?
All information that is collected about you and your babies during the course of the
research will be kept strictly confidential. If you agree to take part in this study we
will need you to sign a consent form. You will be given a copy of the consent form
and this information sheet to keep.
Upon registration in the BIRTHS we would collect some contact details from you
including your current address and telephone number. These details will be used to
ask you again for future studies after the first research study is closed. You can of
course reject this request. By registration in the BIRTHS you are not obliged to do
anything! Your contact details will be kept strictly confidential and only members of
the BiRTHS research team would be allowed access to them.
Information on all patients entered into this study will be sent to the BiRTHS Study
Office. This is located at The University of Birmingham where it will be retained in
secure storage and handled according to the 1998 Data Protection Act. No personally
identifiable information will be released from the BiRTHS study office. Limited
clinical information may be passed on to the researchers within the UK. It would not
be possible to identify any patient from this information and any information provided
will be handled according to the normal standard of medical confidentiality and data
protection.
13. What will happen to the results of the research study?
Important results from the study will be published as they come available, which may
be during the course of the study or after the study has finished, and this could
possibly take several years. We intend that any results will be published in scientific
journals or will be presented at meetings involved with this field of twin research.
These publications will be available upon request from your GP. You and your
children will not be identified in any report or publication.
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14. Who is organizing and funding the research?
The research is being organised by the Unit of genetic Epidemiology at the
Department of Public Health and Epidemiology at The University of Birmingham in
collaboration with the Neonatal Unit at the Birmingham Women’s Hospital,
Birmingham. The Birmingham Children’s Hospital Research Foundation funds the
research. The doctors conducting this study are not being paid for including and
looking after you within this study.
15. Who has reviewed the study?
This study has been positively reviewed as a multi-centre study by the Solihull
Research Ethics Committee and by scientific experts affiliated with The Birmingham
Children’s Hospital Research Foundation and The University of Birmingham. The
two major UK twin associations: The “Multiple Births Foundation” (MBF) and the
“Twins and Multiple Birth Association” (TAMBA) have give written declarations to
support the BiRTHS.
16. What if I have other concerns or would like further information?
If you have any concerns or other questions about this study or the way it has been
carried out, you should contact the number listed below.

Contact details:
Name: Cassandra Nan
Telephone:
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A-I.ii Patient consent form

Date:
Interviewer:
Study Number
Date of Birth (DD/MM/YYYY)

PATIENT CONSENT FORM
Title of Project: The Birmingham Registry for Twin and Heritability Studies (BiRTHS)

Please initial inside the box
•

I/we agree to take part in the registry of the Birmingham Registry for
Twin and Heritability Studies but not the study.

•

I/we agree to take part in the follow-up study of the Birmingham
Registry for Twin and Heritability Studies.

•

I/we agree to take part in the EEG study at the Birmingham
Children’s Hospital when the babies are 3 months old.

•

•

1. I/we confirm that I/we have read and understand the information sheets
for the above study and have had the opportunity to ask questions.
2. I/we understand that my/our participation is voluntary and that I am/we are
free to withdraw at any time, without giving a reason, without our or our
babies’ medical care or legal rights being affected.
3. I/we understand that the mother’s pregnancy notes and my/our babies’
medical records (hospital notes, Red Booklet) may be looked at by members
of the BiRTHS research team and regulatory authority representatives and
that photocopies of these medical records may be taken. I/we understand
that strict confidentiality will be maintained at all times.
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4.

I/we agree for our babies’ cord blood to be stored and used for

determination of zygosity and extracting DNA and for future biological
research projects which have received appropriate scientific and ethical approval.
5. I/we agree for my contact details to be stored and used to contact me/us
about aspects of the study, either by telephone or by post.
6. I/We agree that our General Practitioner may be contacted.
7. I/We agree to become part of the Birmingham’s Twin Register and that our
and our babies’ data may be used for follow-up and future research.

8. I/we understand that we will not get paid for participating in the above
Birmingham Registry for Twin and Heritability Studies.

Name of Mother

Date

Signature

Name of Father

Date

Signature

Name of person taking consent

Date

Signature

(1 for parents; 1 for researcher; 1 to be kept with hospital notes)
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A-I.iii Contact details sheet

CONFIDENTIAL DATA - MOTHER (CONTACT DETAILS)

-Highly confidentialHospital
(tick one only)

Women’s
Heartlands
City

Mothers details
Hospital number
NHS number
Study number
Name (family, first)
DOB (dd/mm/yy)

Contact address

E-mail address
Telephone number

Name and address of GP

Name of partner
Informed consent taken (dd/mm/yy)
Estimated date of delivery

A: 11
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A-II.i Antenatal maternal questionnaire

V4, A8, May 2010
BiRTHS ID:

Parent Specific Antenatal Questionnaire
MOTHER
Could you please complete this questionnaire? The information will help us
understand your twins’ growth and development. Please be aware that
-

No social values will be given to any of your answers

-

Confidentiality will be maintained at all times

-

You are free not to answer any questions.

If you have questions or need help in completing this questionnaire, please let us
know.
Thank you for your cooperation!

Study number ………………

Date completed (dd/mm/yyyy) ………………
Hospital (Please tick 1 only)
Birmingham Women’s Hospital
Birmingham Heartlands Hospital
Birmingham City Hospital

Do you need an interpreter?
No
Yes, for the following language: …………………. I make use of the interpreting
services of
the NHS
a family member
a friend
A: 13
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BiRTHS ID:
Date of birth (dd/mm/yyyy) ……………
Height

Age………… years

……………………….cm
………..ft

……….inches

Weight in early pregnancy
(approx. 12 weeks)
……………………….kg

Date …………………

……………………….lbs
Weight today

……………………….kg
……………………….lbs

How far along are you currently in your pregnancy? …………. weeks, calculated
according to
last menstrual period
ultra sound scan
Country of birth

………………………..

Preferred language spoken ………………………..
_____________________________________________________________________
Ethnic group (Please tick 1 only)
Asia

Europe

India

Britain (England, Scotland, Wales)

Pakistan

Ireland (incl. Northern Ireland, Eire)

Bangladesh

Northern Europe (Denmark, Norway, Sweden)

China

Western Europe (France, Germany, Netherlands)

Far East Asia (Japan, Korea)

Eastern Europe (Balkans, Poland, Russia)

South East Asia (Malaysia, Thailand, Phillipines)

Southern Europe

Caribbean
Barbados, Jamaica, Trinidad and Tobago

(Cyprus, Greece, Italy, Spain, Turkey)

Middle East
Egypt, Israel, Syria, Yemen

Africa
North African (Morocco, Algeria)
Sub-Sahara (Somalia, Kenya, Nigeria)

Other
……………………………..
Decline of information
Please tick this box if you do not wish to answer this question
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BiRTHS
ID: (2012)

_____________________________________________________________________
Employment
Job title

………………………………

Full-time

Part-time,

………….. hours per week (please specify here)

If you don’t work, please tick one of the following
I am
a housewife
a student

unemployed

_____________________________________________________________________
Twins
Are there twins in the family?
I/We don’t know
No
Yes,

We already have twins
Twins in the family of the MOTHER, they are our …..….................................
* Please include all the twins in mother’s family you know of and how they are related to you. Use the
empty space below to continue

Twins in the family of the FATHER, they are
our…………………………………..
* Please include all the twins in mother’s family you know of and how they are related to you. Use the
empty space below to continue

Do you think your twins will be identical (“monozygotic”)?
No

Yes

I/We don’t know

_____________________________________________________________________
Have you smoked before pregnancy and/or are you currently smoking?
Before pregnancy
During pregnancy
No

Yes,

…….. (number per day)

No

Yes,

……….. (number per day)

If stopped smoking, when (dd/mm/yyyy) …………………..
_____________________________________________________________________
Have you consumed alcohol and/or do you currently consume any alcohol?

Before pregnancy
No

Yes,

………(units per week)

During pregnancy
No

Yes,

………. (units per

week)
_______________________________________________________________________________________________________
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BiRTHS ID:
Have you taken and/or are you currently taking medical drugs?
Before pregnancy
During pregnancy
No

Yes

No

Yes

Have you taken and/or are you currently taking non-medical drugs?
Before pregnancy
During pregnancy
No

Yes

No

Yes

_______________________________________________________________________________________________________

Exercise
Here is a list of activities and space for you to list any other sports you participate(d)
in. Please fill in how many hours per week you used to spend on each activity at
different ages and now that you are pregnant.
12-19 yrs

19-29 yrs

>30 yrs

Now

Walking (including to school, work,
shopping or as a leisure activity)
Cycling (including to school, work,
shopping or as a leisure activity)
Gardening
Housework (excluding childcare)
……………………. (type of sport)
……………………. (type of sport)
……………………. (type of sport)
……………………. (type of sport)
How many hours per week did you spend on sports and physical activity in the last
year before you were pregnant and now that you are pregnant?
Hours per week
Type of sport (please list below)

in the LAST YEAR
BEFORE pregnancy

now DURING
pregnancy

_____________________________________________________________________
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BiRTHS ID:
Social support
Here is a list of some things that other people do for us or give us that may be helpful
or supportive. Please read each statement carefully and put a tick in the box that is
closest to your sitation.
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

I get enough vacation time
If you put a tick where we have, it means that you get almost as much vacation time as
you would like, but not quite as much as you would like
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

Not
applicable

I have people who care what happens to me
I get love and affection
I get to talk to someone I trust about
problems at work or with my housework
I get to talk to someone I trust about my
personal and family problems
I get to talk to someone about
money matters
I get invitations to go out and do things with
other people
I get useful advice about important
things in life
I get help when I am sick in bed

_____________________________________________________________________
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A-II.ii Antenatal paternal questionnaire

V4, A8, May 2010
BiRTHS ID:

Parent Specific Antenatal Questionnaire
PARTNER
Could you please complete this questionnaire? The information will help us
understand your twins’ growth and development. Please be aware that
-

No social values will be given to any of your answers

-

Confidentiality will be maintained at all times

-

You are free not to answer any questions.

If you have questions or need help in completing this questionnaire, please let us
know.
Thank you for your cooperation!

Study number ………………

Date completed (dd/mm/yyyy) ………………
Hospital (Please tick 1 only)
Birmingham Women’s Hospital
Birmingham Heartlands Hospital
Birmingham City Hospital

Do you need an interpreter?
No
Yes, for the following language: …………………. I make use of the interpreting
services of
the NHS
a family member
a friend
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BiRTHS ID:
Date of birth (dd/mm/yyyy) …………… Age………… years
Height

……………………….cm
………..ft

Weight

……….inches

……………………….kg
……………………….lbs

Are you a blood relation to the mother?
No
Yes, I am her …………………….. (please specify relation here)
Country of birth

………………………..

Preferred language spoken ………………………..
_____________________________________________________________________
Ethnic group (Please tick 1 only)
Asia

Europe

India

Britain (England, Scotland, Wales)

Pakistan

Ireland (incl. Northern Ireland, Eire)

Bangladesh

Northern Europe (Denmark, Norway, Sweden)

China

Western Europe (France, Germany, Netherlands)

Far East Asia (Japan, Korea)

Eastern Europe (Balkans, Poland, Russia)

South East Asia (Malaysia, Thailand, Phillipines)

Southern Europe

Caribbean
Barbados, Jamaica, Trinidad and Tobago

(Cyprus, Greece, Italy, Spain, Turkey)

Middle East
Egypt, Israel, Syria, Yemen

Africa
North African (Morocco, Algeria)
Sub-Sahara (Somalia, Kenya, Nigeria)

Other
……………………………..
Decline of information
Please tick this box if you do not wish to answer this question

_____________________________________________________________________
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V4, A8, May 2010
BiRTHS ID:
Employment
Job title

………………………………

Full-time

Part-time,

………….. hours per week (please specify here)

If you don’t work, please tick one of the following
I am
a housewife/husband
a student

unemployed

_____________________________________________________________________
Do you smoke?
No
Yes, …….. (number per day)
If stopped smoking, when (dd/mm/yyyy) …………………..
_____________________________________________________________________
Do you consume any alcohol?
No
Yes, ………(units per week)
_____________________________________________________________________

Do you take any medical drugs?
No

Yes

Do you take any non-medical drugs?
No

Yes

_____________________________________________________________________
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BiRTHS

Social support
Here is a list of some things that other people do for us or give us that may be helpful
or supportive. Please read each statement carefully and put a tick in the box that is
closest to your situation.
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

I get enough vacation time
If you put a tick where we have, it means that you get almost as much vacation time as
you would like, but not quite as much as you would like
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

Not
applicable

I have people who care what happens to me
I get love and affection
I get to talk to someone I trust about
problems at work or with my housework
I get to talk to someone I trust about my
personal and family problems
I get to talk to someone about
money matters
I get invitations to go out and do things with
other people
I get useful advice about important
things in life
I get help when I am sick in bed

_____________________________________________________________________
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A-II.iii Edinburgh Postnatal Depression Scale

V4,
A8, May 2010
[Source: Cox, JL., Holden, JM., Sagovsky, R. Detection of postnatal depression:
development
of the 10-item
Edinburgh Postnatal Depression Scale. British Journal of Psychiatry. 1987;150:782-786]BiRTHS ID:

EPDS (Mothers only) - Antenatal
Date:
Interviewer:
Study Number
Date of Birth (DD/MM/YYYY)

Edinburgh Postnatal Depression Scale (EPDS62)
As you are pregnant with twins, we would like to know how you are feeling. Please
TICK THE BOX of the answer which comes closest to how you have felt IN THE PAST 7
DAYS, not just how you feel today.
Here is an example, already completed.
I have felt happy:
Yes, all the time
Yes, most of the time



No, not very often
Not at all

This would mean: “I have felt happy most of the time” during the past week. Please complete
the other questions in the same way.

In the past 7 days:
1.

I have been able to laugh and see the funny side of things
As much as I always could
Not quite so much
Definitely not so much
Not at all

A: 22

1

Appendix II: Questionnaires
– C.2010
Nan (2012)
V4, A8, May

BiRTHS ID:
2.

I have looked forward with enjoyment to things
As much as I ever did
Rather less than I used to
Definitely less than I used to
Hardly at all

3.

I have blamed myself unnecessarily when things went wrong
Yes, most of the time
Yes, some of the time
Not very often
No, never

4.

I have been anxious or worried for no good reason
No, not at all
Hardly ever
Yes, sometimes
Yes, very often

5.

I have felt scared or panicky for no very good reason
Yes, quite a lot
Yes, sometimes
No, not much
No, not at all

6.

Things have been getting on top of me
Yes, most of the time I haven’t been able
to cope at all
Yes, sometimes I haven’t been coping as
well as usual
No, most of the time I have coped quite
well
No, I have been coping as well as ever
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7.

I have been so unhappy that I have had difficulty sleeping
Yes, most of the time
Yes, sometimes
Not very often
No, not at all

8.

I have felt sad or miserable
Yes, most of the time
Yes, quite often
Not very often
No, not at all

9.

I have been so unhappy that I have been crying
Yes, most of the time
Yes, quite often
Only occasionally
No, never

10.

The thought of harming myself has occurred to me
Yes, quite often
Sometimes
Hardly ever
Never

3 A: 24
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A-II.iv Postnatal parental questionnaire

PARENT SPECIFIC QUESTIONNAIRE - POSTNATAL

Study number
Time point

Date completed (dd/mm/yyyy) ………………

Do you need an interpreter?
No
Yes, for the following language: …………………. I make use of the interpreting
services of
the NHS
a family member
a friend

1 A: 25
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Mother
Date of birth (dd/mm/yyyy)
Height

Age………… years
……………………….cm
………..ft

Weight today

……….inches

……………………….kg
……………………….lbs

_____________________________________________________________________
Employment MOTHER
Job title
Full-time

………………………………
Part-time,

………….. hours per week (please specify here)

If you don’t work, please tick one of the following
I am
a housewife
a student

unemployed

_____________________________________________________________________
Employment PARTNER
Job title
Full-time

………………………………
Part-time,

………….. hours per week (please specify here)

If you don’t work, please tick one of the following
I am
a housewife/husband
a student

unemployed

_____________________________________________________________________

2
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Twins
Date of birth (dd/mm/yyyy)

Age………… months

Gestational age at birth ………………. weeks and ……….. days
_____________________________________________________________________
Do you think your twins will be identical (“monozygotic”)?
No

Yes

I/We don’t know

Do your twins look alike?
Not at all
them

Not too much

Yes, slightly

Yes, you can hardly distinguish between

Do you (as parents) ever confuse your twins?
Never

Sometimes

Often

Do family members ever confuse your twins?
Never

Sometimes

Often

Do strangers ever confuse your twins?
Never

Sometimes

Often

_____________________________________________________________________
Which hand is the main one for writing or working with?
Mother
Left

Right

Both

Unknown

Right

Both

Unknown

Right

Both

Unknown

Right

Both

Unknown

Father
Left

Twin 1
Left

Twin 2
Left

_____________________________________________________________________
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The following questions are about the general wellbeing of your twins please tick as
appropriate and specify where needed.
How are you feeding your twins?
Twin 1

Twin 2

Breastfeeding

Breastfeeding

Formula

Formula

Both

Both

How much time does your baby sleep compared to other babies you know?
Twin 1
Twin 2
I don’t know

I don’t know

Very little

Very little

Normal

Normal

A lot

A lot

Very much

Very much

Has one of your twins been sick?
Twin 1
No
Yes,

Twin 2
No

……………….…. (please specify, e.g. flu or cold)

Yes,

..........................................

Has one of your twins been seen by a doctor regarding illness?
Twin 1
Twin 2
No
Yes,

No

………………. (please specify what illness and doctor)

Yes,

………………….……...

Has one of your twins been admitted to hospital?
Twin 1
Twin 2
No
Yes,

No

………………….….. (please specify why and when)

Yes,

………………..………..

Does one of your twins need regular medication?
Twin 1
Twin 2
No
Yes,

No

………………………......(please name medication)

Yes,

………….……………..

_____________________________________________________________________
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Exercise MOTHER

Here is a list of activities and space for you to list any other sports you participate(d)
in. Please fill in how many hours per week you spend on each activity now that you
have your babies.
Hours per week

Walking (including to school, work, shopping or
as a leisure activity)
Cycling (including to school, work, shopping or
as a leisure activity)
Gardening
Housework (excluding childcare)
……………………. (type of sport)
……………………. (type of sport)
……………………. (type of sport)
……………………. (type of sport)
__________________________________________________________________________

Drugs MOTHER
Do you currently smoke?
No
Yes, …………….. (number per day)
If stopped smoking, when (dd/mm/yyyy) …………………..
Do you consume any alcohol?
No

Yes,

…………….. (units per week)

Do you use any medical drugs?
No

Yes

Do you use any non-medical drugs?
No

Yes

___________________________________________________________________________
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Social support MOTHER
Here is a list of some things that other people do for us or give us that may be helpful
or supportive. Please read each statement carefully and put a tick in the box that is
closest to your sitation.
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

I get enough vacation time
If you put a tick where we have, it means that you get almost as much vacation time as
you would like, but not quite as much as you would like
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

Not
applicable

I have people who care what happens to me
I get love and affection
I get to talk to someone I trust about
problems at work or with my housework
I get to talk to someone I trust about my
personal and family problems
I get to talk to someone about
money matters
I get invitations to go out and do things with
other people
I get useful advice about important
things in life
I get help when I am sick in bed

___________________________________________________________________________
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Social support PARTNER
Here is a list of some things that other people do for us or give us that may be helpful
or supportive. Please read each statement carefully and put a tick in the box that is
closest to your sitation.
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

I get enough vacation time
If you put a tick where we have, it means that you get almost as much vacation time as
you would like, but not quite as much as you would like
------------------------Example--------------------------Example------------------------------As much as
I would like

Much less than
I would like

Not
applicable

I have people who care what happens to me
I get love and affection
I get to talk to someone I trust about
problems at work or with my housework
I get to talk to someone I trust about my
personal and family problems
I get to talk to someone about
money matters
I get invitations to go out and do things with
other people
I get useful advice about important
things in life
I get help when I am sick in bed

___________________________________________________________________________
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A-III.i Weight
Weight, without clothes or nappies, was measured in kilograms (kg) with digital baby scales.
We used the portable SECA 336 at Birmingham Children’s Hospital. The Shekel electronic
scale T-15-S was used at Birmingham Women’s Hospital. Both scales have a capacity of
15kg, measuring at an accuracy of .005kg, and are designed to allow children to sit or lie
down in them.
Hospital equipment, including scales, is checked every 12 months. If equipment is found out
of calibration, it is sent to the manufacturer for calibration. Therefore, I did not need to
calibrate the scales myself. I did check whether there were differences between the scales that
we used with a 1kg weight and found a maximum difference of 1%, which I found acceptable.

A-III.ii Length
Length was measured in centimetres, using the Rollameter 100 by Harlow Healthcare. This is
a portable measuring mat, which is appropriate for measuring infants. The Rollameter allows
measurements up to 100 centimetres (cm) and is accurate to 1 millimetre (mm).
Measurements were done with the infants lying on their backs and the top of their heads
against the board on the top. Mothers were asked to hold the head of their child so that the
eyes were facing straight towards the ceiling (Figure III.i). It was important to ensure that the
hips were aligned with the measuring mat, legs were stretched and together, and ankles were
at a 90-degree angle (Figure III.ii). The measuring tape that was incorporated in the bottom of
the mat could then be pulled up to the bottom of the feet and length could be read off the tape.
Reliability of length measurements in infancy seems to be effected more by a child’s posture
and not so much by the measuring instrument or the observer311. Therefore, ensuring that the
child was lying on the measuring mat properly should have facilitated maintaining reliable
length measurements in our study.
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Figure III.i Line of sight should be straight towards the ceiling when measuring a child’s

length.
[Source: www.motherchildnutrition.org]

Figure III.ii Measuring a child’s length.
[Source: www.motherchildnutrition.org]

A-III.iii Head circumference
I used re-usable Lasso-o measuring tapes from Harlow Healthcare to measure head
circumference. They are made from paper-thin, non-stretch, non-shrink plastic ‘syntape’ and
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are accurate to the nearest millimetre. The Lasso-o was looped and placed over the infant’s
head around the largest possible circumference. This is normally midway between the
eyebrows and hairline to the occipital prominence at the back of the head as illustrated in
Figure III.iii. The Lasso-o was then pulled tight and the measurement was read from the
marked place on the Lasso-o.
Although the measurements with Lasso-o tapes are highly reliable, Bartram et al. (2005)312
describe how the stretchability of these tapes could produce variability in measurements,
which could be clinically, but not statistically significant. They recommend that tapes be
replaced at regular intervals. They also state that those using the tapes should be trained to use
the same amount of pressure and take several measurements to ensure an accurate estimate. I
replaced the tapes every 3 months, always took three measurements at each follow-up, and
our training sessions ensured that all researchers used the same method.

Figure III.iii Head circumference should be measured at the largest possible circumference.
[Source: www.southwestmedical.com]

A-III.iv Mid-upper arm circumference
Mid-upper arm circumference was measured with the same Lasso-o measuring tape, on either
arm. The midpoint of the upper arm was found in the middle between the olecranon in the
elbow and the acromion in the shoulder. The midpoint was then marked with a pen or
A: 42

Appendix III: Anthropometric measurements – C. Nan (2012)

washable marker (Figure III.iv). After this, the Lasso-o was placed over the mark and
measurements were read.

Figure III.iv Mid-upper arm circumference was measured on the midpoint of the upper arm

between the olecranon and the acromion.
[Source: www.motherchildnutrition.org]

A-III.v Skinfold thickness (triceps)
Subcutaneous fat was measured with Holtain Skinfold Calipers, which has a capacity of
measuring up to 48mm of subcutaneous tissue and has a dial graduation of 0.2mm.
Measurements at the triceps were taken at the same midpoint of the upper arm, with the arm
relaxed and stretched. The tissue was pinched between the thumb and middle finger and the
calliper was placed underneath (Figure III.v). The calliper was then slowly released until the
needle stopped moving, and a measurement could be read.
A multicentre study into the reliability of skinfold measurement in children concluded that a
standardized method of measurement and trained staff ensured the realisation of acceptable
inter- and intra-observer agreement. There are no indications of unreliable measurements due
to the instrument or child.313
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Figure III.v Measuring skinfold thickness on the same midpoint of the upper arm.
[Source: www.healthgoods.com]

A-III.vi Skinfold thickness (subscapular)
Subscapular skinfolds were measured with the same callipers and technique as triceps
skinfolds. The location of these measurements was at the bottom point of the shoulder blade
(scapula), roughly at the same level as the midpoint of the upper arm (Figure III.vi).

Figure III.vi Measuring subscapular skinfold thickness on roughly the same level as the

midpoint of the upper arm.
[Source: www.healthgoods.com]
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A-IV.i Maternal medical records

V4, A8, May 2010
BiRTHS ID:

CLINICAL RECORD FORM - MOTHER

Study number ………………

Date completed (dd/mm/yyyy) ………………

Completed by ………………….

___________________________________________________________________________

Does MOTHER need an interpreter?
☐ No
☐ Yes, for the following language: ………………….
☐ Use the interpreting services of
☐ the NHS ☐ a family member

☐ a friend

___________________________________________________________________________

Does FATHER need an interpreter?
☐ No
☐ Yes, for the following language: ………………….
☐ Use the interpreting services of
☐ the NHS ☐ a family member

☐ a friend

___________________________________________________________________________
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Date of birth (dd/mm/yyyy) ……………
Height

Age………… years

……………………….cm
………..ft

……….inches

Weight in early pregnancy
(approx. 12 weeks)
……………………….kg

Date …………………

……………………….lbs
Weight at delivery

……………………….kg
……………………….lbs

BMI early pregnancy (kg/m2) ………………

BMI at birth (kg/m2)………………

___________________________________________________________________________

Ethnic group (Please tick 1 only)
Asia
☐ India
☐ Pakistan
☐ Bangladesh
☐ China
☐ Far East Asia (Japan, Korea)
☐ South East Asia (Malaysia, Thailand, Phillipines)

Europe
☐ Britain (England, Scotland, Wales)
☐ Ireland (incl. Northern Ireland, Eire)
☐ Northern Europe (Denmark, Norway, Sweden)
☐ Western Europe (France, Germany, Netherlands)
☐ Eastern Europe (Balkans, Poland, Russia)
☐ Southern Europe (Cyprus, Greece, Italy, Spain, Turkey)

Caribbean
☐ Barbados, Jamaica, Trinidad and Tobago

Middle East
☐ Egypt, Israel, Syria, Yemen

Africa
☐ North African (Morocco, Algeria)
☐ Sub-Sahara (Somalia, Kenya, Nigeria)
Other
Decline of information
☐ ……………………………..
☐ Please tick this box if patient did not wish to answer
_____________________________________________________________________
Employment MOTHER
Job title
☐ Full-time

………………………………
☐ Part-time, ………….. hours per week (please specify here)

If mother doesn’t work, please tick one of the following
Mother is
☐ a housewife/husband
☐ a student
☐ unemployed
_____________________________________________________________________
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Any previous pregnancies?
☐ No
☐ Yes, ……… (number), ………… (children born alive)
Any previous multiple pregnancies?
☐ No
☐ Yes, ……… (number)
___________________________________________________________________________

Child 1
Date of birth (dd/mm/yyyy) ……………… Gestational age at birth ………..weeks
Birth weight (grams) …………………….
Condition now
☐ Alive and well
☐ Minor deficiencies (normal integration with some educational help)
☐ Moderate deficiencies (integration with additional help)
☐ Major disabilities (little or no integration despite intensive supervision/education)
☐ Dead
___________________________________________________________________________

Child 2
Date of birth (dd/mm/yyyy) ……………… Gestational age at birth ………..weeks
Birth weight (grams) …………………….
Condition now
☐ Alive and well
☐ Minor deficiencies (normal integration with some educational help)
☐ Moderate deficiencies (integration with additional help)
☐ Major disabilities (little or no integration despite intensive supervision/education)
☐ Dead
___________________________________________________________________________

Child 3
Date of birth (dd/mm/yyyy) ……………… Gestational age at birth ………..weeks
Birth weight (grams) …………………….
Condition now
☐ Alive and well
☐ Minor deficiencies (normal integration with some educational help)
☐ Moderate deficiencies (integration with additional help)
☐ Major disabilities (little or no integration despite intensive supervision/education)
☐ Dead
___________________________________________________________________________
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BiRTHS ID:
Current Pregnancy
Last menstrual period (dd/mm/yyyy)

…………………………

Expected date of delivery (EDD)
As determined by
☐ last menstrual period

…………………………
☐ ultra sound scan

Mode of conception
☐ Spontaneous
☐ Medical fertility treatment
☐ Assisted reproductive technique:

☐ ICSI
☐ IVF
☐ Eggs frozen
☐ Ova Stimulation, ……...……….… (what stimulation)

___________________________________________________________________________

Has the patient been admitted to hospital during pregnancy?
☐ No
☐ Yes (please specify below)
If the patient was admitted to hospital, specify why and when
☐ Premature labour
……………………….. (gestational age in weeks or date of admission)
☐ PROM

………………………..

☐ Hypertension

………………………..

☐ Pre-eclampsia

………………………..

☐ Diabetes Type 1

………………………..

☐ Diabetes Type 2

………………………..

☐ Growth retardation twin 1

………………………..

☐ Growth retardation twin 2

………………………..

☐ Absent end diastolic flow

………………………..

☐ Bleeding

………………………..

☐ HELLP syndrome

………………………..

☐ Other, …………………..

………………………..

___________________________________________________________________________

Drugs
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Smoking
Before pregnancy
☐ No ☐ Yes, ………. (number per day)

During pregnancy
☐ No ☐ Yes, …….. (number per day)

If stopped smoking, when (dd/mm/yyyy) …………………..
_____________________________________________________________________
Alcohol

Before pregnancy
☐ No ☐ Yes, …….. (units per week)

During pregnancy
☐ No
☐ Yes, …….. (units per week)

______________________________________________________________________________________________________

Medical drugs
Before pregnancy
☐ No
☐ Yes

During pregnancy
☐ No
☐ Yes

Non-medical drugs
Before pregnancy
☐ No
☐ Yes

During pregnancy
☐ No
v Yes

___________________________________________________________________________

Any family history of the following:
Type 2 diabetes

☐ Mother

☐ Father

Cardiovascular disease

☐ Mother

☐ Father

Endocrine disorders

☐ Mother

☐ Father

Still births

☐ Mother

☐ Father

Multiple miscarriages

☐ Mother

☐ Father

Sudden infant death

☐ Mother

☐ Father

Genetic pathology

☐ Mother

☐ Father

Other, ………………………..

☐ Mother

☐ Father

___________________________________________________________________________
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Father’s details
Date of birth (dd/mm/yyyy) …………… Age………… years
Height

……………………….cm
………..ft

Weight

……….inches

……………………….kg
……………………….lbs

Is father blood related to the mother?
☐ No
☐ Yes, he is her …………………………. (specify relation)
___________________________________________________________________________

Ethnic group (Please tick 1 only)
Asia
☐ India
☐ Pakistan
☐ Bangladesh
☐ China
☐ Far East Asia (Japan, Korea)
☐ South East Asia (Malaysia, Thailand, Phillipines)

Europe
☐ Britain (England, Scotland, Wales)
☐ Ireland (incl. Northern Ireland, Eire)
☐ Northern Europe (Denmark, Norway, Sweden)
☐ Western Europe (France, Germany, Netherlands)
☐ Eastern Europe (Balkans, Poland, Russia)
☐ Southern Europe (Cyprus, Greece, Italy, Spain, Turkey)

Caribbean
☐ Barbados, Jamaica, Trinidad and Tobago

Middle East
☐ Egypt, Israel, Syria, Yemen

Africa
☐ North African (Morocco, Algeria)
☐ Sub-Sahara (Somalia, Kenya, Nigeria)
Other
☐ ……………………………..

Decline of information
☐ Please tick this box if patient did not wish to answer

_____________________________________________________________________
Employment FATHER
Job title
☐ Full-time

………………………………
☐ Part-time, ………….. hours per week (please specify here)

If father doesn’t work, please tick one of the following
Father is
☐ a housewife/husband
☐ a student

☐ unemployed

_____________________________________________________________________

A: 51

Appendix IV: Clinical record forms – C. Nan (2012)

A-IV.ii Delivery details
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BiRTHS ID:

CLINICAL RECORD FORM – NEWBORN
BABY …. [insert number: 1, 2, 3… etc]

Study number

………………....

Date completed (dd/mm/yyyy) ………………

Completed by ………………….

Interpreter needed for parent?
☐ No
☐ Yes, for the following language: ………………….
☐ Use the interpreting services of
☐ the NHS ☐ a family member

☐ a friend
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Date of birth mother …………………….
Expected date of delivery (EDD) (dd/mm/yyyy) …………………….
As determined by
☐ last menstrual period
☐ ultra sound scan
_____________________________________________________________________
Ethnic group (Please tick 1 only) MOTHER
Asia
☐ India
☐ Pakistan
☐ Bangladesh
☐ China
☐ Far East Asia (Japan, Korea)
☐ South East Asia (Malaysia, Thailand, Phillipines)

Europe
☐ Britain (England, Scotland, Wales)
☐ Ireland (incl. Northern Ireland, Eire)
☐ Northern Europe (Denmark, Norway, Sweden)
☐ Western Europe (France, Germany, Netherlands)
☐ Eastern Europe (Balkans, Poland, Russia)
☐ Southern Europe (Cyprus, Greece, Italy, Spain, Turkey)

Caribbean
☐ Barbados, Jamaica, Trinidad and Tobago

Middle East
☐ Egypt, Israel, Syria, Yemen

Africa
☐ North African (Morocco, Algeria)
☐ Sub-Sahara (Somalia, Kenya, Nigeria)
Other ☐ ……………………………..
Decline of information
☐ Please tick this box if patient did not wish to answer this question
_____________________________________________________________________
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BiRTHS ID:
Baby’s details
Date of birth (dd/mm/yyyy) …………….. Gestational age … weeks and ….. days
Time of birth (hh/mm)

………………………

Gender ………………………
_____________________________________________________________________
Mode of delivery
☐ Spontaneous
☐ Planned Caesarian

☐ Induced
☐ Normal vaginal
☐ Instrumental
☐ Emergency Caesarian: ……………………...… (indication for Caesarian)

Presentation at birth
☐ Cephalic
☐ Breech
Resuscitation needed?

☐ No

☐ Other, …………………..…….

☐ Yes (specify below)

Details of resuscitation given

☐ Suction
☐ Intubation

☐ Oxygen
☐ Cardiac compression

APGAR
1 minute

…………………….

5 minutes

…………………….

10 minutes

…………………….

☐ Bag and mask
☐ Drugs

Anthropometric data
Birth weight (grams)

……………………………….

Crown heel length (cm)

……………………………….

Occipito-frontal head circumference (cm)……………………………….

Location after birth

☐ Stayed with mother (transferred to ward)

☐ Transitional care

☐ Neonatal unit

_________________________________________________________________________
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BiRTHS ID:
Any postnatal complications?

☐ No

☐ Yes (specify below)

Postnatal complications details

☐ Ventilation: Oxygen
☐ Ventilation: CPAP
☐ Respiratory Distress Syndrome
☐ Infection
☐ Hypoglycaemia
☐ Hyperbilirubinaemia
☐ Intolerance of enteral feeding
☐ IUGR
☐ Organic abnormality
☐ Other, ……………………………
Mode of feeding
☐ Breastfeeding
Tube needed?
☐ No

☐ Formula

☐ Ventilation: Intubation

☐ Both

☐ Yes, ………….…..……. days
……….…………. (total parenteral nutrition required)

___________________________________________________________________________
Discharge details
Gestational age

…………………………….. weeks

Weight (grams)

……………………………..

Crown heel length (cm)……………………………….
Occipito-frontal head circumference (cm)……………………………….

Days hospitalised

………………………………..

Days spent in neonatal unit

………………………..

Days spent on transitional care ward …………………………….
___________________________________________________________________________
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A-IV.iii Ultrasound scans

Date (dd/mm/yyyy):

Gestational weeks:
Baby I

Baby II

Biparietal diameter (mm)
Biparietal diameter (percentile)
Head circumference (mm)
Head circumference (percentile)
Femur length (mm)
Femur length (percentile)
Abdominal circumference (mm)
Abdominal circumference
(percentile)
Estimated fetal weight (g)
Estimated fetal weight (percentile)
Anomaly detected
If yes, specify
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Baby I

Baby II

Heart Actvity
Placenta
Fetal Movement
Kidney/Stomach/Bladder
Heart 4 Chamber
Skull
Ventricles
Cerebellum
Spine
EDF
Amniotic Fluid
Normal
Oligohydramnios
Polyhydramanios
Presentation
Cephalic
Breech
Other
Fetal Well Being
Umbilical Artery EDV
Mid-Cerebral EDV
Left Uterine Artery
Right Uterine Artery
Other EDV

A: 57

APPENDIX V
ADDITIONAL RESULTS FOR CHAPTER 4

A: 58

Appendix V: Additional results for Chapter 4 – C. Nan (2012)

Figure V.i Twins’

developmental trajectories assessed with the Ages and Stages
Questionnaires, stratified by birth weight (<2.4 kilograms [kg] and =>2.4kg).

Figure V.ii Twins’

developmental trajectories assessed with the Ages and Stages
Questionnaires, stratified by 5-minute Apgar (<9 and =>9).
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Figure V.iii Twins’

developmental trajectories assessed with the Ages and Stages
Questionnaires, stratified by maternal age (<35 years [yrs] and =>35 years).

Figure V.iv Twins’

developmental trajectories assessed with the Ages and Stages
Questionnaires, stratified by gender.
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Appendix VI: Additional results for Chapter 5 – C. Nan (2012)

Table VI.i Change in Ages and Stages Questionnaires z-scores for each millimetre increase in

antenatal head circumference at 20, 28, 32 and 36 weeks.
20#weeks
Coef.#(95%#CI)

28#weeks
Coef.#(95%#CI)

33#weeks
Coef.#(95%#CI)

36#weeks
Coef.#(95%#CI)

Communication
3#months
6#months
9#months
12#months
18#months
24#months

0.06#(0.00#9#0.12)*
90.03#(90.06#9#0.01)
0.02#(90.02#9#0.05)
0.00#(90.02#9#0.01)
90.01#(90.02#9#0.01)
90.01#(90.02#9#0.01)

0.01#(90.04#9#0.07)
90.03#(90.06#9#0.00)*
0.02#(90.01#9#0.05)
0.00#(90.01#9#0.00)
0.00#(90.01#9#0.00)
0.00#(90.01#9#0.00)

0.01#(90.04#9#0.06)
90.01#(90.02#9#0.01)
0.00#(90.01#9#0.01)
90.01#(90.02#9#0.01)
90.01#(90.02#9#0.00)
0.00#(90.02#9#0.01)

90.01#(90.05#9#0.01)
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.01)
90.01#(90.02#9#0.00)*
0.00#(90.02#9#0.01)
0.00#(90.03#9#0.04)

Gross-motor
3#months
6#months
9#months
12#months
18#months
24#months

90.03#(90.07#9#0.04)
0.01#(90.04#9#0.03)
0.03#(0.00#9#0.07)
0.00#(90.01#9#0.02)
0.00#(90.01#9#0.01)
0.00#(90.02#9#0.02)

0.01#(90.04#9#0.06)
90.01#(90.04#9#0.02)
0.03#(0.00#9#0.06)
0.00#(0.00#9#0.01)
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.01)

90.02#(90.07#9#0.02)
90.01#(90.02#9#0.01)
90.01#(90.02#9#0.00)
90.01#(90.03#9#0.00)
90.01#(90.02#9#0.00)
0.01#(90.01#9#0.02)

90.03#(90.06#9#90.01)**
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.01)
90.02#(90.03#9#0.00)**
90.02#(90.03#9#90.01)***
0.02#(90.02#9#0.06)

Fine-motor
3#months
6#months
9#months
12#months
18#months
24#months

90.01#(90.06#9#0.04)
0.01#(90.03#9#0.06)
0.04#(90.01#9#0.09)
0.00#(90.02#9#0.01)
90.01#(90.02#9#0.01)
90.01#(90.02#9#0.00)

90.01#(90.05#9#0.04)
90.02#(90.05#9#0.02)
0.01#(90.03#9#0.05)
0.00#(90.01#9#0.00)
0.00#(90.01#9#0.00)
0.00#(90.01#9#0.00)

0.00#(90.04#9#0.04)
90.01#(90.03#9#0.01)
0.01#(90.01#9#0.02)
90.02#(90.03#9#0.00)*
90.01#(90.02#9#0.00)
0.00#(90.01#9#0.01)

90.02#(90.03#9#0.01)
0.00#(90.01#9#0.01)
0.01#(90.01#9#0.02)
90.01#(90.03#9#0.00)*
90.01#(90.02#9#0.00)
0.00#(90.03#9#0.02)

Problem-solving
3#months
6#months
9#months
12#months
18#months
24#months

0.01#(90.05#9#0.06)
90.02#(90.05#9#0.02)
0.01#(90.04#9#0.05)
0.00#(90.01#9#0.02)
0.00#(90.02#9#0.01)
90.01#(90.02#9#0.01)

90.02#(90.08#9#0.03)
90.03#(90.06#9#0.00)
0.02#(90.02#9#0.06)
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.00)
0.00#(90.01#9#0.00)

90.03#(90.08#9#0.02)
0.00#(90.02#9#0.01)
0.01#(0.00#9#0.02)
90.01#(90.02#9#0.01)
90.01#(90.03#9#0.00)
0.00#(90.02#9#0.01)

90.03#(90.05#9#0.00)*
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.02)
90.01#(90.02#9#0.01)
90.01#(90.03#9#0.00)
0.01#(90.02#9#0.04)

Personal5social
3#months
90.03#(90.09#9#0.03)
0.04#(90.02#9#0.09)
90.03#(90.08#9#0.02)
90.04#(90.07#9#90.02)***
6#months
0.00#(90.04#9#0.04)
90.02#(90.05#9#0.01)
90.01#(90.03#9#0.01)
0.00#(90.01#9#0.01)
9#months
0.01#(90.02#9#0.05)
0.01#(90.02#9#0.04)
0.00#(90.01#9#0.01)
0.00#(90.01#9#0.01)
12#months
0.00#(90.01#9#0.02)
0.00#(90.01#9#0.01)
90.01#(90.02#9#0.00)
90.01#(90.02#9#0.01)
18#months
90.01#(90.02#9#0.00)
0.00#(90.01#9#0.00)
90.01#(90.02#9#0.01)
90.01#(90.02#9#0.00)
24#months
90.02#(90.03#9#0.00)*
90.01#(90.01#9#0.00)
0.00#(90.02#9#0.01)
0.01#(90.03#9#0.04)
Coef.#=#Regression#coefficient,#95%#CI#=#95%#Confidence#interval.#
Results#have#been#adjusted#for#maternal#age#and#gestational#age#at#birth.#Results#for#20#and#36#weeks#have#been#
additionally#adjusted#for#chorionicity.#*p<0.05,#**p<0.01#and#***p<0.001.
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Table VI.ii Change in Ages and Stages Questionnaires z-scores for each millimetre increase in

antenatal head circumference growth in 20-27, 28-32 and 33-36 weeks.
20#$#27#weeks
Coef.#(95%#CI)

28#$#32#weeks
Coef.#(95%#CI)

33#$#36#weeks
Coef.#(95%#CI)

Communication
3#months
6#months
9#months
12#months
18#months
24#months

0.02#($0.03#$#0.07)
$0.03#($0.06#$#0.01)
0.03#(0.00#$#0.06)*
0.00#($0.01#$#0.01)
$0.01#($0.02#$#0.01)
0.00#($0.02#$#0.02)

0.02#($0.04#$#0.08)
0.01#($0.01#$#0.03)
0.00#($0.02#$#0.01)
$0.01#($0.02#$#0.00)
$0.01#($0.02#$#0.00)
0.00#($0.02#$#0.01)

$0.04#($0.07#$#0.00)
$0.01#($0.03#$#0.01)
$0.01#($0.02#$#0.01)
$0.01#($0.03#$#0.01)
0.01#($0.02#$#0.03)
0.01#($0.04#$#0.06)

Gross-motor
3#months
6#months
9#months
12#months
18#months
24#months

0.02#($0.04#$#0.07)
0.00#($0.04#$#0.04)
0.02#($0.01#$#0.06)
0.00#($0.01#$#0.02)
0.00#($0.02#$#0.01)
0.01#($0.02#$#0.03)

$0.02#($0.08#$#0.03)
$0.01#($0.03#$#0.02)
$0.01#($0.02#$#0.00)*
$0.02#($0.03#$#0.00)*
$0.01#($0.02#$#0.00)
0.01#($0.01#$#0.03)

$0.04#($0.08#$#$0.01)**
0.00#($0.02#$#0.03)
$0.01#($0.04#$#0.01)
$0.01#($0.04#$#0.01)
$0.03#($0.05#$#$0.01)**
0.03#($0.04#$#0.09)

Fine-motor
3#months
6#months
9#months
12#months
18#months
24#months

0.01#($0.04#$#0.06)
$0.02#($0.06#$#0.03)
0.01#($0.03#$#0.06)
0.00#($0.02#$#0.01)
0.00#($0.02#$#0.01)
0.00#($0.01#$#0.02)

0.00#($0.05#$#0.05)
0.00#($0.03#$#0.02)
0.00#($0.01#$#0.02)
$0.02#($0.03#$#0.00)**
$0.01#($0.02#$#0.00)
0.00#($0.01#$#0.01)

$0.02#($0.06#$#0.01)
0.01#($0.02#$#0.03)
0.00#($0.02#$#0.03)
0.00#($0.02#$#0.03)
0.00#($0.02#$#0.02)
0.01#($0.03#$#0.04)

Problem-solving
3#months
6#months
9#months
12#months
18#months
24#months

$0.02#($0.08#$#0.04)
$0.03#($0.06#$#0.01)
0.03#($0.01#$#0.07)
0.00#($0.02#$#0.01)
0.00#($0.02#$#0.02)
0.01#($0.01#$#0.03)

$0.01#($0.06#$#0.05)
0.01#($0.01#$#0.03)
0.01#(0.00#$#0.02)
$0.01#($0.03#$#0.00)
$0.01#($0.03#$#0.00)
0.00#($0.02#$#0.01)

$0.03#($0.07#$#0.00)
0.01#($0.02#$#0.03)
$0.01#($0.03$#0.02)
$0.01#($0.03#$#0.02)
0.01#($0.02#$#0.03)
$0.01#($0.06#$#0.03)

Personal5social
3#months
0.06#(0.00#$#0.11)*
$0.05#($0.11#$#0.00)
$0.05#($0.09#$#$0.02)**
6#months
$0.01#($0.05#$#0.02)
0.00#($0.02#$#0.02)
0.00#($0.02#$#0.02)
9#months
0.01#($0.02#$#0.04)
0.00#($0.01#$#0.01)
$0.01#($0.03#$#0.02)
12#months
0.00#($0.01#$#0.00)
$0.01#($0.03#$#0.00)
0.00#($0.02#$#0.02)
18#months
0.00#($0.01#$#0.02)
$0.01#($0.02#$#0.01)
0.01#($0.01#$#0.04)
24#months
0.01#($0.01#$#0.03)
0.00#($0.02#$#0.02)
0.00#($0.05#$#0.05)
Coef.#=#Regression#coefficient,#95%#CI#=#95%#Confidence#interval.#
Results#have#been#adjusted#for#maternal#age,#gestational#age##and#size#at#the#start#of#the#age#
window.#Results#for#33$36#weeks#have#been#additionally#adjusted#for#chorionicity.#*p<0.05,#
**p<0.01#and#***p<0.001.
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Table VII.i The association of below (<=) and above (>) median growth in 0-3, 3-9, 9-12 and 12-18 month with developmental skills at 24 months.
Communication
Coef.+(95%+CI)
<=median
>median
Weight
0+,+3+months
3+,+9+months
9+,+12+months
12+,+18+months

,0.03+(,0.15+,+0.09)
,0.24+(,0.54+,+0.07)
0.03+(,0.17+,+0.22)
0.08+(,0.27+,+0.44)

Length
0+,+3+months
3+,+9+months
9+,+12+months
12+,+18+months

,
,0.04+(,0.09+,+0.02)
,0.05+(,0.09+,+0.00)
,0.09+(,0.16+,+,0.01)*

Gross+motor
Coef.+(95%+CI)
<=median
>median

,0.16+(,0.32+,+,0.01)* ,0.17+(,0.40+,+0.06)
,0.10+(,0.18+,+,0.02)* ,0.05+(,0.50+,+0.40)
,0.01+(,0.06+,+0.05)
0.06+(,0.22+,+0.34)
0.05+(,0.21+,+0.31)
0.40+(,0.07+,+0.87)

,
,0.02+(,0.05+,+0.01)
,0.01+(,0.05+,+0.03)
0.06+(,0.02+,+0.13)

,
0.04+(,0.03+,+0.12)
,0.02+(,0.07+,+0.03)
,0.01+(,0.13+,+0.11)

Fine+motor
Coef.+(95%+CI)
<=median
>median

Problem+solving
Coef.+(95%+CI)
<=median
>median

,0.02+(,0.14+,+0.10)
0.01+(,0.06+,+0.09)
,0.03+(,0.06+,+0.00)*
0.00+(,0.19+,+0.18)

,0.14+(,0.25+,+,0.03)*
,0.10+(,0.22+,+0.01)
,0.13+(,0.35+,+0.09)
,0.04+(,0.14+,+0.07)
,0.03+(,0.19+,+0.14) 0.12+(,0.07+,+0.18)***
0.21+(,0.10+,+0.51)
0.15+(0.08+,+0.23)***

,
,0.06+(,0.16+,+0.03)
0.00+(,0.10+,+0.10)
0.08+(0.04+,+0.12)***

,
,
,
,
,
,
,0.02+(,0.7+,+0.02) ,0.08+(,0.13+,+,0.03)*** ,0.03+(,0.09+,+0.03) ,0.07+(,0.09+,+,0.05)***
,0.02+(,0.07+,+0.02)
,0.08+(,0.12+,+,0.05)***
,0.04+(,0.08+,+0.00)
,0.01+(,0.07+,+0.04)
,0.06+(,0.12+,+,0.01)**
,0.01+(,0.06+,+0.05)
,0.07+(,0.10+,+,0.04)***
0.04+(,0.02+,+0.10)
,0.07+(,0.14+,+,0.01)*
0.06+(0.00+,+0.13)
,0.12+(,0.21+,+,0.04)**
0.02+(,0.08+,+0.12)
,0.12+(,0.20+,+,0.04)**
,0.01+(,0.08+(0.06)

Head,circumference
0+,+3+months
,
,
,
,
,
3+,+9+months
,0.06+(,0.24+,+0.11)
0.01+(,0.01+,+0.04)
0.24+(,0.04+,+0.52) 0.05+(0.03+,+0.07)***
,0.04+(,0.19+,+0.11)
9+,+12+months
0.00+(,0.04+,+0.04)
,0.15+(,0.32+,+0.03) ,0.06+(,0.21+,+0.08)
,0.31+(,0.74+,+0.13)
,0.01+(,0.08+,+0.07)
12+,+18+months
,0.08+(,0.27+,+0.11) ,0.03+(,0.05+,+0.01)*** ,0.25+(,0.55+,+0.05) ,0.03+(,0.04+,+,0.02)*** ,0.08+(,0.30+,+0.13)
Coef.+(95%+CI)=Regression+coefficient+(95%+Confidence+interval).+
Results+have+been+adjusted+for+gestational+age+at+birth.+All+significant+results+are+displayed+with+*p<0.05,+**p<0.01+and+***p<0.001.

,
0.00+(0.00+,+0.01)
,0.19+(,0.42+,+0.03)
0.00+(,0.03+,+0.02)

,0.11+(,0.23+,+0.01)
0.08+(,0.28+,+0.44)
,0.13+(,0.35+,+0.09)
0.06+(,0.33+,+0.46)

,
,0.11+(,0.30+,+0.08)
,0.02+(,0.11+,+0.07)
,0.12+(,0.34+,+0.10)

,0.19+(,0.34+,+0.04)*
,0.07+(,0.13+,+0.00)*
,0.04+(,0.15+,+0.06)
,0.11+(,0.17+,+,0.04)**

Personal,social
Coef.+(95%+CI)
<=median
>median

,
,0.02+(,0.03+,+0.00)*
,0.14+(,0.33+,+0.05)
,0.09+(,0.24+,+0.06)

,0.06+(,0.16+,+0.05)
,0.12+(,0.39+,+0.16)
,0.13+(,0.30+,+0.03)
,0.04+(,0.33+,+0.25)

,
,0.05+(,0.21+,+0.10)
0.01+(,0.07+,+0.09)
,0.13+(,0.33+,+0.07)

,0.05+(,0.17+,+0.07)
,0.4+(,0.16+,+0.07)
0.17+(0.05+,+0.29)**
0.29+(0.00+,+0.58)*

,
,0.05+(,0.05+,+0.04)***
,0.05+(,0.11+,+0.10)
0.00+(,0.19+,+0.19)
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Appendix VIII: Additional results for Chapter 7 – C. Nan (2012)

Table VIII.i Average metabolic equivalents (METs) by occupation category, derived from the

International Standard Classification of Occupations (ISCO-88).
Legislators & managers
ISCO-88 CODE Example
07050
reclining - writing
07060
reclining - talking or talking on phone
07070
reclining - reading
09030
sitting - reading, book, newspaper etc
09040
sitting - writing, desk work, typing
09050
standing - talking or talking on the phone
09055
sitting - talking or talking on the phone
09060
sitting - studying, general, including reading and/or writing
09065
sitting - in class, general, including note-taking or class discussion
09070
standing - reading
09071
standing - miscellaneous
11580
sitting - light office work, general, sitting, reading, driving at work
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
11770
typing, electric, manual or computer
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
Professionals
ISCO-88 CODE
07050
07060
07070
09030
09040
09050
09055
09060
09065
09070
09071
11580
11585
11770
11791
11792
11793
11796
16010
16015
16020
16030
11600
11610
11805
11875
11876

Example
reclining - writing
reclining - talking or talking on phone
reclining - reading
sitting - reading, book, newspaper etc
sitting - writing, desk work, typing
standing - talking or talking on the phone
sitting - talking or talking on the phone
sitting - studying, general, including reading and/or writing
sitting - in class, general, including note-taking or class discussion
standing - reading
standing - miscellaneous
sitting - light office work, general, sitting, reading, driving at work
sitting - meetings, general, and/or with talking involved, eating at a business meeting
typing, electric, manual or computer
walking on job, less than 2.0mph, very slow
walking on job, 3.0mph, in office, moderate speed, not carrying anything
walking on job, 3.5mph, in office, brisk speed, not carrying anything
walking, gathering things at work, ready to leave
riding in a car or truck
riding in a bus
flying airplane
motor scooter, motorcycle
standing - light, standing and talking at work, changing clothes when teaching PE
standing - light/moderate, patient care
walking, pushing a wheelchair
teach PE, exercise, sports classes (non-sport play)
teach PE, exercise, sports classes (participate in the class)

METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
1.9
METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
3.0
4.0
4.0
6.5
2.2
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Technicians & associate professionals
ISCO-88 CODE Example
07050
reclining - writing
07060
reclining - talking or talking on phone
07070
reclining - reading
09030
sitting - reading, book, newspaper etc
09040
sitting - writing, desk work, typing
09050
standing - talking or talking on the phone
09055
sitting - talking or talking on the phone
09060
sitting - studying, general, including reading and/or writing
09065
sitting - in class, general, including note-taking or class discussion
09070
standing - reading
09071
standing - miscellaneous
11580
sitting - light office work, general, sitting, reading, driving at work
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
11770
typing, electric, manual or computer
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
11600
standing - light, standing and talking at work, changing clothes when teaching PE
11610
standing - light/moderate, patient care
11805
walking, pushing a wheelchair
11875
teach PE, exercise, sports classes (non-sport play)
11876
teach PE, exercise, sports classes (participate in the class)
Clerks
ISCO-88 CODE
07050
07060
07070
09030
09040
09050
09055
09060
09065
09070
09071
11580
11585
11770
11791
11792
11793
11796
16010
16015
16020
16030
11600

Example
reclining - writing
reclining - talking or talking on phone
reclining - reading
sitting - reading, book, newspaper etc
sitting - writing, desk work, typing
standing - talking or talking on the phone
sitting - talking or talking on the phone
sitting - studying, general, including reading and/or writing
sitting - in class, general, including note-taking or class discussion
standing - reading
standing - miscellaneous
sitting - light office work, general, sitting, reading, driving at work
sitting - meetings, general, and/or with talking involved, eating at a business meeting
typing, electric, manual or computer
walking on job, less than 2.0mph, very slow
walking on job, 3.0mph, in office, moderate speed, not carrying anything
walking on job, 3.5mph, in office, brisk speed, not carrying anything
walking, gathering things at work, ready to leave
riding in a car or truck
riding in a bus
flying airplane
motor scooter, motorcycle
standing - light, standing and talking at work, changing clothes when teaching PE

METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
3.0
4.0
4.0
6.5
2.2
METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
1.9
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Skilled agricultural & fishery workers
ISCO-88 CODE Example
07050
reclining - writing
07060
reclining - talking or talking on phone
07070
reclining - reading
09030
sitting - reading, book, newspaper etc
09040
sitting - writing, desk work, typing
09050
standing - talking or talking on the phone
09055
sitting - talking or talking on the phone
09060
sitting - studying, general, including reading and/or writing
09065
sitting - in class, general, including note-taking or class discussion
09070
standing - reading
09071
standing - miscellaneous
11580
sitting - light office work, general, sitting, reading, driving at work
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
11770
typing, electric, manual or computer
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
11600
standing - light, standing and talking at work, changing clothes when teaching PE
04001
fishing, general
04010
digging worms, with shovel
04020
fishing from river bank and walking
04030
fishing from boat, sitting
04040
fishing from river bank, standing
04050
fishing in stream, in waders
04060
fishing, ice, sitting
04070
hunting, bow and arrow or crossbow
04080
hunting, deer, elk, large game
04090
hunting, duck, wading
04100
hunting, general
04110
hunting, pheasants or grouse
04120
hunting, rabbit, squirrel, prairie chick, raccoon, small game
04130
pistol shooting or trap shooting, standing
11140
farming, baling hay, cleaning barn, poultry work, vigorous effort
11150
farming, chasing cattle, non-strenuous (walking), moderate effort
11151
farming, chasing cattle or other livestock on horseback, moderate effort
11152
farming, chasing cattle or other livestock, driving, light effort
11160
farming, driving harvester, cutting hay, irrigation work
11170
farming, driving tractor
11180
farming, feeding small animals
11190
farming, feeding cattle, horses
11191
farming, hauling water for animals, generaly hauling water
11192
farming, taking care of animals
11200
farming, forking straw bales, cleaning corral or barn, vigorous effort
11210
farming, milking by hand, moderate effort
11220
farming, milking by machine, light effort
11230
farming, shoveling grain, moderate effort
11250
forestry, ax chopping, fast
11260
forestry, ax chopping, slow
11270
forestry, barking trees
11280
forestry, carrying logs
11290
forestry, felling trees
11300
forestry, general
11310
forestry, hoeing
11320
forestry, planting by hand
11330
forestry, sawing by hand
11340
forestry, sawing, power
11350
forestry, trimming trees
11360
forestry, weeding
11370
furriery
11510
orange grove work
11010
bakery, general, moderate effort
11015
bakery, light effort

METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
3.0
4.0
4.0
2.5
3.5
6.0
2.0
2.5
6.0
2.0
5.0
6.0
5.0
2.5
8.0
3.5
4.0
2.0
2.5
2.5
4.0
4.5
4.5
6.0
8.0
3.0
1.5
5.5
17.0
5.0
7.0
11.0
8.0
8.0
5.0
6.0
7.0
4.5
9.0
4.0
4.5
4.5
4.0
2.5
3.9
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Appendix VIII: Additional results for Chapter 7 – C. Nan (2012)
Craft and trade workers
ISCO-88 CODE Example
METs
07050
reclining - writing
1.0
07060
reclining - talking or talking on phone
1.0
07070
reclining - reading
1.0
09030
sitting - reading, book, newspaper etc
1.3
09040
sitting - writing, desk work, typing
1.8
09050
standing - talking or talking on the phone
1.8
09055
sitting - talking or talking on the phone
1.5
09060
sitting - studying, general, including reading and/or writing
1.8
09065
sitting - in class, general, including note-taking or class discussion
1.8
09070
standing - reading
1.8
09071
standing - miscellaneous
2.0
11580
sitting - light office work, general, sitting, reading, driving at work
1.5
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
1.5
11770
typing, electric, manual or computer
1.5
11791
walking on job, less than 2.0mph, very slow
2.0
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
3.3
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
3.8
11796
walking, gathering things at work, ready to leave
3.0
16010
riding in a car or truck
2.0
16015
riding in a bus
1.0
16020
flying airplane
2.0
16030
motor scooter, motorcycle
2.5
11600
standing - light, standing and talking at work, changing clothes when teaching PE
2.3
06010
airplane repair
3.0
06020
automobile body work
4.0
06030
automobile repair
3.0
06040
carpentry, general, workshop
3.0
06050
carpentry, outside house, installing rain gutters, building a fence
6.0
06060
carpentry, finishing or refinishing cabinets or furniture
4.5
06070
carpentry, sawing hardwood
7.5
06080
caulking, chinking log cabin
5.0
06090
caulking, except log cabin
4.5
06100
cleaning gutters
5.0
06110
excavating garage
5.0
06120
hanging storm windows
5.0
06130
laying or removing carpet
4.5
06140
laying tile or linoleum, repairing appliances
4.5
06150
painting, outside home
5.0
06160
painting, papering, plastering, scraping, inside house, hanging sheet rock, remodeling
3.0
06165
painting
4.5
06170
put on and removal of tarp - sailboat
3.0
06180
roofing
6.0
06190
sanding floors with a power sander
4.5
06200
scraping and painting sailboat or powerboat
4.5
06210
spreading dirt with a shovel
5.0
06220
washing and waxing hull of sailboat, car, powerboat, airplane
4.5
06230
washing fence, painting fence
4.5
06240
wiring, plumbing
3.0
11020
bookbinding
2.3
11040
carpentry, general
3.5
11130
electrical work, plumbing
3.5
11420
locksmith
3.5
11480
masonry, concrete
7.0
11720
tailoring, cutting
2.5
11730
tailoring, general
2.5
11740
tailoring, hand sewing
2.0
11750
tailoring, machine sewing
2.5
11760
tailoring, pressing
4.0
11765
tailoring, weaving
3.5
11790
using heavy tools (not power) such as shovel, pick, tunnel bar, spade
8.0
11870
working in scene shop, theater actor, backstage employee
3.0
3.3
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Appendix VIII: Additional results for Chapter 7 – C. Nan (2012)
Plant & machine workers
ISCO-88 CODE Example
07050
reclining - writing
07060
reclining - talking or talking on phone
07070
reclining - reading
09030
sitting - reading, book, newspaper etc
09040
sitting - writing, desk work, typing
09050
standing - talking or talking on the phone
09055
sitting - talking or talking on the phone
09060
sitting - studying, general, including reading and/or writing
09065
sitting - in class, general, including note-taking or class discussion
09070
standing - reading
09071
standing - miscellaneous
11580
sitting - light office work, general, sitting, reading, driving at work
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
11770
typing, electric, manual or computer
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
11600
standing - light, standing and talking at work, changing clothes when teaching PE
11080
coal mining, drilling coal, rock
11090
coal mining, erecting supports
11100
coal mining, general
11110
coal mining, shoveling coal
11120
construction, outside, remodeling
11430
machine tooling, machining, working sheet metal
11440
machine tooling, operating lathe
11450
machine tooling, operating punch press
11460
machine tooling, tapping and drilling
11470
machine tooling, welding
11640
steel mill, fettling
11650
steel mill, forging
11660
steel mill, hand rolling
11670
steel mill, merchant mill rolling
11680
steel mill, removing slag
11690
steel mill, tending furnace
11700
steel mill, tipping molds
11710
steel mill, working in general
11766
truck driving, loading and unloading truck
11780
using heavy power tools such as pneumatic tools (jackhammers, drills etc)
16050
driving heavy truck, tractor, bus

METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
6.5
6.5
6.0
7.0
5.5
2.5
3.0
5.0
4.0
3.0
5.0
5.5
8.0
8.0
11.0
7.5
5.5
8.0
6.5
6.0
3.0
3.8
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Appendix VIII: Additional results for Chapter 7 – C. Nan (2012)
Service workers
ISCO-88 CODE Example
07050
reclining - writing
07060
reclining - talking or talking on phone
07070
reclining - reading
09030
sitting - reading, book, newspaper etc
09040
sitting - writing, desk work, typing
09050
standing - talking or talking on the phone
09055
sitting - talking or talking on the phone
09060
sitting - studying, general, including reading and/or writing
09065
sitting - in class, general, including note-taking or class discussion
09070
standing - reading
09071
standing - miscellaneous
11580
sitting - light office work, general, sitting, reading, driving at work
11585
sitting - meetings, general, and/or with talking involved, eating at a business meeting
11770
typing, electric, manual or computer
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
11600
standing - light, standing and talking at work, changing clothes when teaching PE
11240
fire fighter, general
11245
fire fighter, climbing ladder with full gear
11246
fire fighter, hauling hoses on ground
11485
masseur, masseuse (standing)
11525
police, directing traffic (standing)
11510
police, driving squad car (sitting)
11527
police, riding in a squad car (sitting)
11528
police, making an arrest (standing)

METs
1.0
1.0
1.0
1.3
1.8
1.8
1.5
1.8
1.8
1.8
2.0
1.5
1.5
1.5
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
12.0
11.0
8.0
4.0
2.5
2.0
1.3
4.0
2.8
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Appendix VIII: Additional results for Chapter 7 – C. Nan (2012)
Elementary occupations
ISCO-88 CODE Example
09071
standing - miscellaneous
11791
walking on job, less than 2.0mph, very slow
11792
walking on job, 3.0mph, in office, moderate speed, not carrying anything
11793
walking on job, 3.5mph, in office, brisk speed, not carrying anything
11796
walking, gathering things at work, ready to leave
16010
riding in a car or truck
16015
riding in a bus
16020
flying airplane
16030
motor scooter, motorcycle
11600
standing - light, standing and talking at work, changing clothes when teaching PE
11030
building road (incl hauling debris, driving heavy machinery)
11035
building road, directing traffic
11070
chambermaid, making bed
11121
custodial work - buffing the floor with electric buffer
11122
custodial work - cleaning sink and toilet, light effort
11123
custodial work - dusting, light effort
11124
custodial work - feathering arena floor, moderate effort
11125
custodial work - general cleaning, moderate effort
11126
custodial work - mopping, moderate effort
11127
custodial work - take out trash, moderate effort
11128
custodial work - vacuuming, light effort
11129
custodial work - vacuuming, moderate effort
11530
shoe repair - general
11540
shoveling, digging ditches
11550
shoveling, heavy (more than 16 pounds/minute)
11560
shoveling, light (less than 10 pounds/minute)
11570
shoveling, moderate (10 to 15 pounds/minute)
Armed forces
ISCO-88 CODE
11495
11240
11245
11246
11525
11510
11527
11528

Example
skindiving or SCUBA diving as a frogman (Navy Seal)
fire fighter, general
fire fighter, climbing ladder with full gear
fire fighter, hauling hoses on ground
police, directing traffic (standing)
police, driving squad car (sitting)
police, riding in a squad car (sitting)
police, making an arrest (standing)

METs
2.0
2.0
3.3
3.8
3.0
2.0
1.0
2.0
2.5
2.3
6.0
2.0
2.5
3.0
2.5
2.5
4.0
3.5
3.5
3.0
2.5
3.0
2.5
8.5
9.0
6.0
7.0
3.5
METs
12.0
12.0
11.0
8.0
2.5
2.0
1.3
4.0
6.6
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Table VIII.ii Estimated means and odds ratios for birth outcomes and risk for neonatal admission in each light and medium category of maternal

occupational physical activity and psychological strain.
&Estimated&mean&(95%&confidence&interval&(CI))

Gestational&age&(weeks) 57minute&Apgar

Estimated&odds&ratios&(95%&confidence&interval&(CI))
Delivery&mode
Neonatal&admission
Vaginal&or&
Elective&
Emergency&
caesarean&(N) caesarean&(N)
Odds&ratio
No&(N)
Yes&(N)

Birth&weight&(kilograms)

Birth&weight&SDS

Occupational+physical+activity
Light&activity
Medium&activity

Odds&ratio

2.39&(2.15&7&2.62)
2.40&(2.17&7&2.63)

70.85&(71.21&7&70.49)
70.62&(70.98&7&70.27)

35.77&(33.91&7&37.63)
35.43&(33.57&7&37.28)

9.16&(8.97&7&9.35)
8.94&(8.75&7&9.13)*

88
84

80
73

1.00
0.67&(0.37&7&1.23)

170
116

52
52

1.00
0.98&(0.51&7&1.89)

Perceived+occupational+demand
Low
High

2.43&(2.18&7&2.68)
2.38&(2.16&7&2.61)

70.72&(71.16&7&70.30)
70.74&(71.08&7&70.40)

35.80&(33.93&7&37.67)
35.54&(33.75&7&37.34)

9.02&(8.77&7&9.27)
9.05&(8.88&7&9.22)

33
139

39
114

1.00
0.82&(0.65&7&1.04)

53
233

21
83

1.00
1.12&(0.52&7&2.43)

Perceived+occupational+control
Low
High

2.37&(2.14&7&2.60)
2.41&(2.19&7&2.64)

70.71&(71.09&7&70.34)
70.75&(71.10&7&70.40)

35.41&(33.53&7&37.30)
35.72&(33.85&7&37.59)

9.09&(8.89&7&9.28)
9.02&(8.85&7&9.19)

57
115

69
84

1.00
0.82&(0.65&7&1.04)

86
200

48
56

1.00
0.47&(0.25&7&0.89)*

Perceived+occupational+strain
Low

2.36&(2.14&7&2.59)

70.68&(71.05&7&70.32)

35.32&(33.53&7&37.12)

8.99&(8.82&7&9.16)

77

84

1.00

111

64

1.00

High
2.44&(2.20&7&2.67)
70.81&(71.20&7&70.42) 35.99&(34.17&7&37.80)* 9.14&(8.94&7&9.33)
95
69
0.82&(0.45&7&1.52)
175
40
0.59&(0.29&7&1.19)
SDS=standard deviation score. Significant effects with p<0.05 are marked with *. Occupational physical activity, perceived occupational demand, control and strain categories are based on the sample median.
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Appendix IX: Additional results for Chapter 8 – C. Nan (2012)

Initial literature search
Number of available articles: 22,746
Duplicates removed
Number of available articles: 5,709
Exclusion by title
Number of available articles: 597
Exclusion by abstract
Number of available articles: 46

Approached for IPD
30

Exclusion after reading full text
Number of available articles: 8

Received IPDs
4

Additional literature searches until January
2012
Number of additional articles: 4
Figure IX.i Results for the initial literature search, request for individual participant datasets

(IPDs) and the additional literature search.
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