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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 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 (score within -1 standard deviation of norm), except on gross motor skills,
which did not catch up until after the age of 12 months. A one-year 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 z-
scores 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.



1 Introduction

Developmental skills can be roughly categorised as cognitive, communicative, social
and emotional, and psychomotor development. Children are expected to have reached
developmental milestones in each of these categories within a certain age
window(Anderson, Northam, Hendy, & Wrennal, 2005). Developmental delays have
been related to a variety of biological, economic and lifestyle factors. Firstly, children
need to have access to resources that allow them to have the opportunity to learn
necessary skills; these resources may be lacking in families of lower socioeconomic
status (SES). Indeed, low SES has been found to be a risk factor for developmental
and behavioural problems(Bradley & Corwyn, 2002; Laucht, Esser, & Schmidt, 1997;
Pike, lervolino, Eley, Price, & Plomin, 2006). Further, biological factors that have
been related to delays in cognitive skills are mostly ante- and perinatal, such as lower
birth weight(Datar & Jacknowitz, 2009; Jeng, Yau, Liao, Chen, & Chen, 2000),
shorter gestations(Hediger, Overpeck, Ruan, & Troendle, 2002; Sullivan & Margaret,
2003; Thun-Hohenstein, Largo, Molinari, Kundu, & Duc, 1991) and Apgar scores
lower than 7(de Moura, et al., 2010; Odd, Rasmussen, Gunnell, Lewis, & Whitelaw,
2008). Maternal age could be a mediator between perinatal outcomes and
developmental skills in the following ways: very young maternal age (<15
years)(Mousiolis, Baroutis, Sindos, Costalos, & Antsaklis, 2013) has been associated
with an increased risk for preterm birth, while older maternal age (>40 years) has
been related to shorter gestations and low birth weight(Lung, Shu, Chiang, & Lin,
2009). Lung et al. (2009) (Lung, et al., 2009)also reported that older mothers were
more likely to opt for assisted reproductive treatment, particularly in vitro fertilisation
(IVF), which has been related to preterm birth and low birth weight(Hvidtjorn, et al.,

2009). In a recent review on the developmental consequences of IVF, Hart and



Norman (2013)(Hart & Norman, 2013) found no evidence that children conceived
through IVF were at higher risk for developmental delays. However, they reported
several studies that suggested any differences between IVF- and naturally conceived
children could be due to factors related to maternal age and preterm birth.

Not all domains are equally affected by perinatal and maternal factors. For instance,
maternal age has been more often related to cognitive development and behaviour(D.
M. Fergusson & Lynskey, 1993; Ketterlinus, Henderson, & Lamb, 1991), while motor
skills seem more sensitive to perinatal morbidity(Sullivan & Margaret, 2003). Gender
differences in behavioural and cognitive development may be observed as early as
infancy, but become more apparent from childhood onwards(Alexander & Wilcox,
2012).

Even though most children seem to catch up on developmental skills in early (Gasson
& Piek, 2003; van Haastert, de Vries, Helders, & Jongmans, 2006) and middle
childhood (Thorpe, 2006), a major consequence of developmental delay is the higher
use of special school services(Sullivan & Margaret, 2003) and higher risk of
subsequent emotional and behavioural problems(Emerson & Einfeld, 2010).
Furthermore, children with general developmental delay (delays in at least 2
developmental domains) show less activity participation compared to their peers,
which can be partly explained by impaired social and motor skills(Leung, Chan,
Chung, & Pang, 2010). Psychomotor skills have also been argued to change the way
an infant interacts with its environment, which could be important for the
development of communicative skills(lverson, 2010). Moreover, fine motor skills in
infancy are strong predictors of later intellectual functioning(Thun-Hohenstein, et al.,
1991) and general academic achievements at school age(Sullivan & Margaret, 2003).

Furthermore, earlier attainment of gross motor milestones have been associated with



better executive performance at school age(Piek, Dawson, Smith, & Gasson, 2008)
and learning to stand at an earlier age has been associated with better cognitive
categorisation in adulthood(Murray, et al., 2006), which in turn has been associated
with reasoning ability(Salthouse, 2005) and specific areas of language
development(Gopnik & Meltzhoff, 1987).

Tools to assess these developmental milestones include the Bayley Scales of Infant
Development(Bayley, 2006), Wechsler Intelligence Scales for Children(Wechsler,
2003) and Griffiths Mental Development Scales(McLean, McCormick, & Baird,
1991). There are also developmental screening tools, which give a general overview
of a child’s cognitive abilities and do not take as much time to administer, as they are
often questionnaires that can be completed by parents. Examples of such screening
tools are the Ages and Stages Questionnaire(Squires, Bricker, & Potter, 2009) and the
Parents Evaluations of Developmental Status(Glascoe, 2010). Generally, normative
groups for developmental assessments consist of healthy singletons. Sutcliffe and
Derom (2006)(Sutcliffe & Derom, 2006) addressed the question whether twins can be
directly compared to singletons. Even when otherwise physically healthy, twins are
likely to be born at earlier gestations (average of 37 weeks), with lower average birth
weights and have older mothers. All of these factors have been directly or indirectly
related to developmental delay and later cognitive skills as outlined above. Twins
have been previously found to have lower intelligence quotients (I1Q) than their
singleton peers up to adolescence (Cooke, 2010; Drillien, 1969; Ronalds, De Stavola,
& Leon, 2005). Furthermore, it has been suggested that development may vary
between types of twins, whereby dizygotic twins attain gross motor milestones at an
earlier age than monozygotic twins(Brouwer, van Beijsterveldt, Bartels, Hudziak, &

Boomsma, 2006).



The majority of previous studies have mainly focused on risk factors for
developmental delay after the first 2 years. However, to our knowledge, no previous
research has been conducted into the development in the first 2 years of healthy twins,
who were not born extremely small, small-for-gestational-age or very premature.
Therefore, this study serves to investigate the association of perinatal outcomes (birth
weight and Apgar score) and maternal age with developmental skills in the first 2
years of life in healthy infant twins. Additionally, we used a developmental screening
tool to compare the development of healthy twins between the ages of 3 and 24

months with the standardised scores based on normally developing singletons.

2. Materials and methods

2.1 Participants

Participants were part of the Birmingham Registry for Twin and Heritability Studies
(BIRTHS)(Krone, et al., 2006), a multiple birth registry, which recruits eligible
families from three large hospitals in Birmingham, United Kingdom. Mothers of twins
in England are under the care of consultants in hospitals. We recruited these mothers,
between 12 and 28 weeks of gestation, in the period of 4™ August 2008-15" July 2011.
Following the World Health Organisation standards for a viable live birth, we
included twins who were born after 22 weeks and weighed more than 500 grams at
birth. Additionally, we excluded twins who had (suspected) congenital defects that
could influence physical growth and mental development.

We approached 365 families, of which 170 agreed to participate in the 2-year study.
By 15 July 2011, 11 twin pairs had not yet reached the age of 3 months and were not
eligible for follow-up. Of the remaining 159 families, 40 mothers did not complete the

antenatal questionnaire (explained below), and we did not receive any follow-up



questionnaires for 36 twin pairs. Finally, 152 infants (27 monozygotic and 48
dizygotic pairs, and 2 dizygotic twins without co-twin), for whom delivery details
were also available, were included in this study.

The number of completed questionnaires at each follow-up can be found in Table 1.
Due to the relatively late introduction of the ASQ-3 into the study (March 2009), 11
twin pairs were missed for the 3- or 6-month questionnaires. We were unable to
complete the 24-month follow-up for all twins, because 50% of children had not yet
reached the age of 18 months by the end of the study period. Response rate at each
follow-up was approximately 50% and we found no maternal or obstetric differences
between responders and non-responders. Overall, 22% completed only one follow-up,
12% had two completed follow-ups, 28% completed three follow-ups, 18% completed

four follow-ups, 17% completed five follow-ups and 3% completed all follow-ups.

2.2 Measures

Upon joining, parents completed an antenatal questionnaire about demographic,
lifestyle, employment status and social support details. Maternal medical history and
delivery details were extracted from maternal medical records. Developmental skills
were assessed with the ASQ-3.

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 (Klamer, Lando, Pinborg, & Greisen, 2005; Limbos & Joyce, 2011). The
questionnaires consist of simply phrased questions based on developmental
milestones at each follow-up age in the following subscales: communication, gross

motor, fine motor, problem solving and personal social skills. Each subscale consists



of six questions, which parents answer with ‘yes’ (score=10), ‘sometimes’ (score=>5)
or ‘not yet’ (score=0), resulting in a range of scores between 0 and 60. These scores
correspond with three areas in which a child can be categorised: ‘normal
development’ (above -1 standard deviation (SD)), ‘cause for concern and further
monitoring needed’ (between 1 and 2 SD below the mean) and ‘referral for further
developmental assessment needed’ (>2SD below the mean).

Normed scores are based on healthy American singleton children born at 40 weeks
gestation. There are currently no norm scores for the United Kingdom. Based on an
American sample of 15,138 children, sensitivity and specificity for all questionnaires
in the current study were between 70% and 100%. Furthermore, there was a 84%
overall agreement between the ASQ-3 and the Bayley Scales of Infant
Development(Squires, et al., 2009). Finally, although the sensitivity of the ASQ-3 in
very preterm populations has been previously questioned, Schonhaut et al. (2013)
reported that sensitivity of the ASQ-3 in extremely premature infants was

86%(Schonhaut, Armijo, Schonstedt, Alvarez, & Cordero, 2013).

2.3 Procedure

Maternal medical records provided data on mode of conception, gender, Apgar scores
and birth anthropometry. Maternal age, employment status and ethnic background
were extracted from the antenatal parental questionnaire. Similar to a large UK-based
follow-up study(Smyth, Spark, Armstrong, & Duley, 2009; The Magpie Trial Follow
Up Study Management & The Magpie Trial Follow Up Study Collaborative, 2004;
Yu, et al., 2007), we assessed developmental skills at 3, 6, 9, 12, 18 and 24 months

with the ASQ-3(Squires, et al., 2009). The questionnaires were completed within 2



weeks of each chronological follow-up age, e.g.: the 12-month questionnaire was

completed between 11 month 2 weeks and 12 months 2 weeks.

2.4 Statistical analyses

2.4.1 Descriptive data

All analyses were performed using STATA 11(StataCorp, 2009). Raw ASQ-3 scores
were converted into z-scores using the norm sample mean and SD for each of the
categories described in section 2.3. The z-scores were used in further analyses. T-tests
were performed to investigate ASQ-3 z-score differences between twins and the
singleton norm sample. We also used t-tests to investigate developmental differences
by type of twin, birth order, mode of conception, gender, maternal employment status

(as proxy for socioeconomic status) and ethnic background.

2.4.2 Determinants of developmental skills

Cross-sectional multilevel linear regression analyses were performed to investigate
the associations between birth weight, maternal age and Apgar scores on the ASQ-3 at
each follow-up age. Although the twins were considered individuals in these analyses,
their relatedness was taken into account by including this in a nested level. We
adjusted for prematurity by including gestational age at birth as a confounder. Gender
was also included in the regression model as a confounder. Ethnicity and mode of
conception did not improve the regression models and were therefore not included.

Results were considered statistically significant at «=0.01 due to multiple testing.

2.4.3 Developmental trajectories




Exploratory analyses showed nonlinear patterns for developmental skills over time.
Therefore, multilevel spline regression models(Gutierrez, 2008) were used in which
repeated measures within each individual and the relatedness of twins were included
as random effects in a nested level. Gestational age at birth, gender and maternal age
(based on the results from the analyses in section 2.4.2) were included as confounders.
Predicted values from these models were graphically displayed for each ASQ-3

subscale.

3 Results

3.1 Participants

Overall, 53% of the children were male. A third of the children were conceived
through fertility treatment, of which 26% were through IVF. The median gestational
age at birth was 37 weeks (range: 26-39 weeks). Mean birth weight was 2.3 kilograms
(kg; SD=0.55), ranging from 0.94 to 3.5kg. Two infants weighed <1kg at birth and 11
infants weighed between 1 and 1.5kg. The median Apgar score at 5 minutes was 9
(range: 4-10). Mothers’ mean age at delivery was 31.9 years (standard deviation
[SD]=5.51, range: 20-41 years), 87% of parents were Caucasian and 88% were in paid

employment.

3.2 Descriptive data

There were no differences in developmental skills between mono- and dizygotic twins
or within twin pairs. We also did not find any significant differences when stratified
by mode of conception, gender, birth weight, Apgar score, maternal age, employment
status or ethnicity (p>0.01). Also, we did not find a significant correlation between

maternal age and IVF. We did, however, find significant mean z-score differences
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between the twin sample and singleton norm on gross motor, problem solving and
personal-social subscales at 3, 6, 9 and 12 months (p<0.001) (Table 1). Z-scores on
the communication and fine motor subscales were significantly lower than the
singleton norm 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).

[INSERT TABLE 1]

3.3 Determinants of developmental skills

Table 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).

[INSERT TABLE 2]

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
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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).

3.4 Developmental trajectories

Figure 1 shows the developmental trajectories based on median ASQ-3 z-scores,
adjusted for gender, gestational age at birth and maternal age. There was an overall
improvement in communication, gross motor, fine motor, problem solving and
personal-social skills between 3 and 24 months.

[INSERT FIGURE 1]

4 Discussion

In this study, we found that healthy twins show signs of developmental delay in
communication, motor, problem solving and personal-social skills during the first
year of life, even when adjusted for prematurity. These developmental delays
remained even when three very preterm twin pairs were excluded (results not shown),
and could therefore not be due to the inclusion of children born <30 weeks. In contrast
to other studies(Asbury, Almeida, Hibel, Harlaar, & Plomin, 2008; Rutter & Redshaw,
1991; Rutter, Thorpe, Greenwood, Northstone, & Golding, 2003), we did not find
twin-singleton differences after 9 months, which implies that twins in our study
caught up quicker than expected based on previous reports. The speed in which twins
caught up to singletons varied per skill as well as follow-up age. Scores for gross
motor skills were one of the last to reach a plateau. This is somewhat in line with
previous studies that have reported low stability of motor skills from birth up to

school age(Janssen, et al., 2011; Roze, et al., 2010) and that motor skills seem to be
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worse than cognitive and language skills in preterm infants(Siegel, et al., 1982).
Furthermore, motor development delays in very preterm or very low birth weight
children seem to last throughout childhood(de Kieviet, Piek, Aarnoudse-Moens, &
Oosterlaan, 2009).

We found no gender or within twin-pair differences, which were suggested in
previous studies(Asbury, et al., 2008; Berglund, Eriksson, & Westerlund, 2005;
Thorpe, 2006). However, as described in the introduction, gender differences are
limited in infancy and become more apparent later in life. It could be similar for
differences within twin pairs, when unique environmental influences for each co-twin
become larger.

Finally, the lack of significant correlation between maternal age and IVF did not agree
with Lung et al.(Lung, et al., 2009), who postulated that older mothers were more
likely to undergo I'VF treatment. About 41% of all women who underwent IVF
treatment in 2011 in the UK were in the age range of 18-34 years, compared with 63%
up to the age of 34 in our sample("Fertility treatment in 2011: Trends & Figures,"
2013). It is possible that we did not find a correlation between maternal age and IVF
treatment, because there were fewer older mothers (>34 years) who underwent

fertility treatment.

4.1 Determinants of developmental skills

Our findings from the regression analyses suggest that maternal age mostly influences
developmental skills in infancy, while birth weight and 5-minute Apgar scores were
mostly not related to developmental skills. Overall, maternal age seemed to have a
negative effect on developmental skills within the first 24 months. Particularly

communication, problem solving and personal-social skills at 9 and 12 months
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seemed negatively affected by older maternal age. Older maternal age has been
indirectly related to delayed motor and social development(Sherlock, Synnes, &
Koehoorn, 2008), as well as cognitive development at school age(Harvey, 1999;
Waldfogel, Han, & Brooks-Gunn, 2002) in previous studies. It is possible that older
mothers are more likely to return to work within the first year after birth(Sherlock, et
al., 2008) and spend relatively less time with their children. Maternal age as a
mediator for factors, such as mother-child interaction(E. Fergusson, Maughan, &
Golding, 2008), educational level and maternal occupational commitments(Sherlock,
et al., 2008), could explain the contradictory findings in the current study. We were
unable to further investigate the relationship between developmental skills and the age
at which mothers returned to work, as we did not have any details on maternal leave
duration.

Higher Apgar scores were advantageous for gross motor skills at 18 and 24 months,
which is later than in previous studies(Gasson & Piek, 2003). It is possible that the
effect of birth outcomes, such as Apgar score, on infant development is not large
enough to detect. Measurements beyond infancy would be needed to investigate
whether an association can be observed when the required motor skills become more
complex later in childhood and developmental delays become more apparent and
obstruct other areas of development(Goyen & Lui, 2002). Compared with maternal
age, Apgar scores 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 scores(Erdemoglu, Mungan,
Tapisiz, Ustunyurt, & Caglar, 2003; Rossi, Mullin, & Chmait, 2011). It is also
possible that our study did not include enough children with low 5-minute Apgar

scores to observe an effect.
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Also contrary to previous studies(Datar & Jacknowitz, 2009; Jeng, et al., 2000), but in
line with Rutter et al. (2003)(Rutter, et al., 2003), 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 the little variance in birth weight in our study prevented us

from finding any association with developmental skills.

5 Limitations

We used the ASQ-3 in this study, because they are easy parent-completed
questionnaires and require very little time to complete. However, the questionnaires
are limited by a ceiling effect, where children cannot score higher than ‘normal
development’ on each subscale. The use of other (observational or interactive)
assessment tools is necessary to confirm the current findings.

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 between
the follow-up times. Nevertheless, a larger, more complete sample and a singleton
control group would be desirable to confirm the results in this study in a controlled,
longitudinal analysis 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
interaction(Rutter & Redshaw, 1991), type of childcare, socioeconomic status and
parent-infant interaction(E. Fergusson, et al., 2008; Rutter & Redshaw, 1991).
Communicative skills in particular could be affected by parent-child and twin-twin

interaction that is specific to raising young same-aged children(Rutter, et al., 2003).
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Ethnicity was not included in our 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 development(Bradley & Corwyn, 2002; E. Fergusson, et al., 2008; McLoyd,
1998). 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. We
recommend that future studies to include ethnicity and environmental factors as

potential predictors of developmental skills.

6 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. Considering the previous literature on the development of
twins compared with singletons, our 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.
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Results should be confirmed by using more comprehensive assessments of child
development as well as possible influential factors. While the association between
unfavourable perinatal outcomes and developmental delays is well documented, as
described in the introduction, only little information is available on the early
development of twins, who are at higher risk for unfavourable perinatal outcomes.
The current study is therefore a valuable addition to the literature and provides

direction for future research.
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Table 1. Means and z-scores for Ages and Stages Questionnaires subscales® at each follow-up between 3 and 24 months.

Communication

Gross motor

Fine motor

Problem solving

Personal-social

3 months (N = 66)
Mean (SD)
z-score (SD)

6 months (N = 96)
Mean (SD)
z-score (SD)

9 months (N = 90)
Mean (SD)
z-score (SD)

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

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

24 months (N = 45)
Mean (SD)
z-score (SD)

42.82 (13.61)
-1.18 (1.54)*

46.00 (11.25)
-0.30 (1.17)*

35.83 (14.65)
-0.22 (1.19)*

44.15 (14.32)
0.07 (1.04)

40.30 (15.05)
-0.14 (1.03)

51.44 (14.45)
0.02 (1.11)

40.15 (11.67)
-1.79 (1.44)*

29.74 (14.74)
-1.36 (1.26)*

29.39 (16.74)
-1.20 (1.16)*

36.65 (21.73)
-0.93 (1.53)*

54.03 (12.92)
-0.16 (1.43)

54.22 (12.48)
-0.06 (1.50)

28.47 (14.28)
-2.11 (1.30)*

38.75 (17.49)
-0.86 (1.47)*

47.00 (15.19)
-0.51 (1.45)*

50.50 (12.30)
-0.19 (1.39)

53.06 (10.37)
0.07 (1.14)

52.00 (9.32)
0.04 (1.13)

30.46 (14.97)
-2.48 (1.59)*

42.97 (15.54)
-0.66 (1.37)*

41.50 (16.83)
-0.77 (1.62)*

45.66 (14.70)
-0.31 (1.36)*

44.40 (12.81)
-0.16 (1.26)

46.67 (13.78)
-0.28 (1.40)

35.31 (14.97)
-1.77 (1.60)*

36.35 (16.25)
-1.04 (1.42)*

39.78 (13.34)
-0.23 (1.13)*

43.15 (14.71)
-0.22 (1.23)*

46.04 (11.20)
-0.18 (1.08)

46.67 (11.92)
-0.46 (1.22)

Raw score Tor all ASQ-3 subscales range from 0 to 60, z-scores are based on singleton populafion means and standard deviations Tor each age and subscale. Significant differences with the norm scores are displayed

with *p<0.001. N=sample size, SD=standard deviation.
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Table 2. Expected increase in mean Ages and Stages z-scores for each additional kilo (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% ClI)

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

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

12 months (N = 100)

Coef. (95% CI)

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

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

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

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

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

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

Personal-social
Birth weight (kg)

Maternal age (years)

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

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

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

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

-0.32 (-1.22 - 0.58)
-0.09 (-0.18 - -0.01)*

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

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

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

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

0.67 (0.02 - 1.32)*
-0.02 (-0.07 - 0.03)

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

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

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

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

0.23 (-0.29 - 0.75)
-0.07 (-0.11 - -0.02)*

-0.22 (-0.76 - 0.33)

-0.06 (-0.1 - -0.03)***

0.21 (-0.02 - 0.43)

0.00 (-0.81 - 0.82)

-0.06 (-0.11 - -0.01)*

0.14 (-0.20 - 0.48)

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

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

-0.18 (-0.82 - 0.46)
-0.04 (-0.08 - 0.00)*

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

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

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

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

-0.19 (-0.97 - 0.60)
-0.02 (-0.06 - 0.03)

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

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

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

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

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

All results are adjusted for gestational age at birth and gender. *p<0.05, **p<0.01, ***p<0.001. Coef. (95% Cl)=regression coefficient (95% confidence interval).
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Figure 1. Developmental trajectories of healthy twins from 3 to 24 months, as assessed by the Ages and Stages Questionnaires.
(Footnote for Figure 1: Based on results from a multilevel linear regression adjusted for gestational age at birth, gender and maternal age.)
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