
We previously described a co-twin control design
using questionnaire data on monozygotic twins

discordant and concordant for developmental coordina-
tion disorder (DCD) and attention deficit hyperactivity
disorder (ADHD). Our results suggested that DCD and
developmental ADHD had different causal pathways,
and that second-born twins were at higher risk for
oxygen perfusion problems than first-born twins. In
the current study we further explored our findings
using DNA confirmed zygosity and assessments of 4
female and 10 male sets of monozygotic twins, aged
8 to 17 years, from the first study. Using the McCarron
Assessment of Neuromuscular Development (MAND),
twice as many second- as first-born twins met criteria
for DCD. Second-born twins attained significantly
lower scores on 1-minute Apgar, MAND Gross Motor,
Bimanual Dexterity and Neuromuscular Development
Index. Seven of the nine twins who met criteria for
DCD experienced perinatal oxygen perfusion prob-
lems. This supported findings in the first study of an
association between perinatal oxygen perfusion prob-
lems and DCD, and our hypothesis that DCD and
cerebral palsy have similar causal pathways. We found
similar numbers of males and females discordant for
DCD. On telephone interview using the Diagnostic
Interview Schedule for Children Parent Interview, the
only first-, and all five second-born twins who met cri-
teria for ADHD had an inattentive component — three
Inattentive; three Combined. All twins positive for
ADHD were male. This adds support to our hypothesis
that ADHD symptoms found in some participants may
reflect secondary ADHD associated with environmen-
tal factors, rather than developmental ADHD.

Keywords: monozygotic twin, genetic, discordant, con-
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Into the 21st century, behavior genetic twin research
has become pivotal in attaining estimates for the rela-
tive contribution of genetic and environmental factors
to disorders such as Developmental Coordination
Disorder (DCD) and Attention Deficit Hyperactivity

Disorder (ADHD). However, there is increasing inter-
est in epigenetic processes and other external and
internal factors that might lead to different pheno-
types in individuals with the same genotype. The
co-twin control, or twin-differences design (Martin et
al., 1997), with its focus on monozygotic (MZ) twins
discordant for wellness and disorder, provides a
unique means by which to control for potentially con-
founding factors such as genotype, gender, age,
socioeconomic status, and shared family environment.

Factors leading to discordance in MZ twins include
the stage (Race et al., 2006) and equality of splitting of
the zygote (Sperber et al., 1994). Monochorionic
monoamniotic twins are at high risk for twin-to-twin
transfusion syndrome (TTTS), which may result in
acute or chronic episodes of hemodynamic instability
at various stages during pregnancy, and can cause
ischemic damage (Pharoah, 2006). Lifelong discor-
dance for phenotype can also result from different
vascular patterns in the placenta of monochorionic
MZ twins (Machin et al., 1996).

During the prenatal period, discordance may also
result from post zygotic epigenetic effects such as
tissue specific patterns of methylation (Bennett et al.,
2008); varying patterns of methylation maintenance
(Brown & Robinson, 2000); and chromatin remodel-
ing (Wilson, 2008). Fraga and colleagues (2005)
found that although in their younger years MZ twins
were epigenetically indistinguishable, as they aged epi-
genetic differences, such as disease susceptibility,
became more divergent.

Different exposure or response to toxins and infec-
tions may occur in utero (Iwayama et al., 2007) and at
birth, sometimes affecting only one twin (Duliège et
al., 1995; Forrester et al., 1966). Timing of exposure
to infections is important, and may have long-term
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cumulative effects; for example, increased sensitization
to hypoxia at birth and in later life (Gunn & Bennet,
2008). Discordant outcome may also be a result of
birth complications and presentation (Bjelic-Radisic et
al., 2007) and birth order (Hartley & Hitti, 2005;
Smith et al., 2007).

Developmental coordination disorder (DCD), or
specific developmental disorder of motor function, are
described respectively in both the Diagnostic and
Statistical Manual of Mental Disorders — Fourth
Edition Text Revision (DSM-IV-TR — American
Psychiatric Association (APA), 2000) and the
International Statistical Classification of Diseases and
Health Related Problems, 10th Revision, 2nd Edition
(ICD-10 World Health Organization (WHO), 2004).
DCD, which is defined as motor coordination signifi-
cantly lower than expected for the child’s age and
intellect, that interferes significantly with activities of
daily living, affects approximately 6% of children aged
five to 11 years (Maeland, 1992). Both DSM-IV-TR
and ICD-10 state that the movement disorder must not
be due to a medical (e.g., neurological) condition such
as cerebral palsy (CP). If the movement disorder has a
neurological component, it is coded on Axis III as a
General Medical Condition, rather than on Axis I as
a Clinical Disorder. We previously found similar
numbers of females and males with DCD (Pearsall-
Jones et al., 2008; Skinner & Piek, 2001), as did
Foulder-Hughes and Cooke (2003), although other
earlier studies have reported a higher incidence of DCD
in males (Kadesjö & Gillberg, 1999; Maeland, 1992).

Some ‘clumsy’ children — especially those with
fewer deficits — appear to ‘grow out of it’ (Cantell et
al., 2003); however, others continue to experience
difficulties into adulthood (Missiuna et al., 2008).
Children with DCD also have been shown to experi-
ence psychosocial and academic difficulties (Skinner
& Piek, 2001).

DCD has been linked to insult to the developing or
immature brain and to premature birth. Foulder-
Hughes and Cooke (2003) found that 30.7% of
children born preterm possibly met criteria for DCD,
compared to 6.7% of children born at term. Jongmans
et al. (1998) found that premature infants with exten-
sive perceptual–motor difficulties at 6 years of age
were more likely than term infants to have shown a
brain lesion shortly after birth. They related this to
‘flares’, echodensities, or cysts, in the periventricular
white matter, which are diagnostic hallmarks of
periventricular leukomalacia (PVL), and found that
the longer the duration of flares, the worse the motor
performance (Jongmans et al., 1993). Episodes of pre-
and perinatal hypoxia have also been associated with
PVL as a major cause of CP (Wang et al., 2008).

The DSM-IV-TR (APA, 2000) and ICD-10 (WHO,
2004) also have similar classification categories for
ADHD and Hyperkinetic Disorder respectively. DSM-
IV-TR notes that for a diagnosis of ADHD, inattention
and/or hyperactivity must be more frequently dis-
played and be more severe than is typical for the

person’s developmental stage, and symptoms must be
present before 7 years of age; there must be impair-
ment in two or more settings, and clinically significant
impairment must be present in at least one of these —
academic, occupational or social functioning.

ADHD has both attentional and movement compo-
nents. DSM-IV-TR (APA, 2000) has separate diagnostic
criteria for symptoms of inattention and hyperactivity/
impulsivity, with ADHD diagnosable as three subtypes:
Inattentive (ADHD I); Hyperactive/Impulsive (ADHD
H/I); and Combined (ADHD C). Both ADHD H/I and
ADHD I subtypes require that at least 6 of 9 symptoms
specific to those domains be present for diagnosis.
ADHD C requires a minimum of 6 symptoms of both
ADHD H/I and ADHD I for a diagnosis. It is generally
thought to affect some 3% to 10% of school-age chil-
dren (Wender, 2000), although some estimate the
prevalence rate as low as 1% (Swanson et al., 1998). It
has been widely reported that more males than females
are affected, with estimates in clinical samples varying
from 2:1 to 9:1 (APA, 2000).

Investigating the long-term prognosis of ADHD,
Mannuzza and colleagues (2000) found that approxi-
mately two-thirds to three-quarters of their study
participants experienced problematic symptoms of
ADHD into early and middle adolescence. Behavioral
characteristics of ADHD may remain into adulthood,
although symptoms of ADHD may be insufficient to
meet DSM-IV-TR (APA, 2000) criteria (Faraone et
al., 2006).

Developmental ADHD has been estimated as one
of the most heritable disorders of childhood, with
approximately twice as many MZ as DZ twin pairs
concordant for ADHD (Levy et al., 1997). However,
environmental factors, such as brain damage caused
by intrauterine infection, forceps delivery, hypoxia or
anoxia during pregnancy or at birth, often go unrec-
ognized (Henderson-Smart, 1995; Lou, 1994), and
have been linked to secondary ADHD. Lehn et al.
(2007) studied MZ twins discordant and concordant
for ADHD, and observed that despite the high heri-
tability of ADHD, estimated at 60%, this left 40% to
environmental factors. They identified delayed motor
development, low birthweight and increased time in
an incubator as markers for ADHD in infancy.

Attention deficits and movement disorders have
been found to co-occur in close to 50% of cases
(Barkley, 1990). For example, Deficits in Attention,
Motor Control and Perception (DAMP), has been
widely described (Gillberg, 2003). Piek and colleagues
(1999) reported an association between inattentive
symptomatology and motor ability, particularly fine
motor coordination.

The DSM-IV-TR (APA, 2000) specified that, in
ADHD, symptomatology involving movement was
limited to increased motor activity, and noted that
children with ADHD may fall or knock things over,
but that this related to impulsivity and distractibility
rather than to motor impairment. However, Pitcher
and colleagues (2003) provided evidence to suggest
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that the motor deficits in ADHD were a result of poor
motor ability rather than ADHD symptomatology.

The second-born twin has been found to be at
higher risk than the first for poor outcome, for instance,
requiring resuscitation or intubation, suffering respira-
tory distress syndrome, and having a lower 5-minute
Apgar (Hartley & Hitti, 2005). Adverse effects of pre-
eclampsia, which has been found to be two or three
times more common in twin than in singleton pregnan-
cies (Sibai et al., 2000), have been associated with the
second-born twin. Blickstein, Ben-Hur and Borenstein
(1992) examined 25 twin pregnancies in which the
mother had mild pre-eclampsia, 19 in which pre-eclamp-
sia was severe, and 44 controls matched for gestational
age (GA). They found that babies whose mothers had
severe pre-eclampsia had a significantly shorter GA and
lower birthweight compared to those with mild pre-
eclampsia. There were three deaths, all second-born
twins of mothers with severe pre-eclampsia.

In an earlier study (Pearsall-Jones et al., 2008), we
examined questionnaire data on 866 sets of MZ
twins, consisting of 23 sets discordant for DCD, 23
sets concordant for DCD, 16 sets discordant for
ADHD, 22 sets concordant for ADHD, nine sets in
which both twins had both DCD and ADHD, and 773
sets in which neither twin met criteria for either disor-
der. Given the size of this data set, only questionnaire
information could be used as individual assessment of
866 sets of twins was not possible. The aim of the
current study was to confirm zygosity using DNA, and
to further explore the etiology of movement and atten-
tion problems in a smaller sample of MZ twins, using
individually administered assessments to confirm diag-
nosis rather than rely on information from parent
questionnaires. Based on the previous study, it was
hypothesized that different etiological pathways would
be identified for DCD and ADHD, with a relationship
found between DCD and perinatal oxygen perfusion
problems but not between developmental ADHD and
oxygen perfusion problems. Furthermore, it was
expected that the second-born twin would be at higher
risk for morbidity than the first.

Materials and Method
Participants

Participants were recruited from a large cohort of
2075 sets of twins, of which 866 sets were rated by
either parent completed questionnaire, or by DNA, as
MZ, or identical twins. From this sample, families
with twins discordant or concordant for motor prob-
lems or attention problems on the Developmental
Coordination Disorder Questionnaire (DCD-Q;
Wilson et al., 2000) and the Strengths and
Weaknesses of ADHD Symptoms and Normal
Behavior (SWAN; Swanson et al., 2001) questionnaire
respectively (Martin et al., 2006; Pearsall-Jones et al.,
2008; Piek et al., 2007), who lived within approxi-
mately a 3-hour drive of any capital city in Australia,
were sent expressions of interest for participation in a

further stage of the study. Those who consented to
participate were interviewed by telephone, during
which the ADHD component of the Diagnostic
Interview Schedule for Children IV — Parent
Interview (DISC-IV-P; Shaffer et al., 2000) was admin-
istered to the major caregiver to establish the ADHD
status of each young person. After screening for
ADHD using the DISC-IV-P and for DCD using ques-
tionnaire data from the DCD-Q, 16 sets of twins were
eligible to participate. That is, they were considered
identical and were aged between 6 and 17 years; they
were either discordant or concordant for DCD or
ADHD on at least one of the measures, and lived
within a 3-hour drive of a capital city. To confirm
zygosity, buccal cell DNA was collected and amplified
using the ABI profiler plus HID kit (9 DNA markers +
sex marker, co-amplified) and separated on a capillary
electrophoresis platform using the ABI 3100 instru-
ment. Two female sets of the 16 sets were found to be
dizygotic, or fraternal twins, leaving 14 eligible sets.

The average GA at birth was 34.64 weeks, (SD =
2.44; range 31–38 weeks). Nine sets were born ≤ 36
weeks GA, and four sets were born ≤ 32 weeks GA.
Average age at time of interview was 13.1 years (SD =
3.65; range 8.17–17.85). Four of the 14 sets were
female and 10 sets male. In our study, both twins in a
set were delivered either vaginally or by cesarean
section. Four sets of twins were born by cesarean
delivery. Three mothers reported pre-eclampsia, two
of whom had both their twins delivered by cesarean
section. Two mothers, including one with severe pre-
eclampsia, reported TTTS.

It was decided that regardless of each twin’s status
on the DCD and ADHD screening instruments, for
this study status for disorder would depend on fixed
scores as set out in the McCarron Assessment of
Neuromuscular Development (MAND; McCarron,
1997) and DISC-IV (Shaffer et al., 2000) manuals. We
did this for two reasons. First, on the initial study,
rather than use fixed scores on the DCD-Q and
SWAN to calculate status as affected or unaffected,
individual scores relative to the entire sample of twins
determined status (Martin et al., 2006; Pearsall-Jones
et al., 2008; Piek et al., 2007). This was not an appro-
priate method for this small sample. Second, because
there was a considerable time lapse between assess-
ments on the two sets of measures, participants who
met criteria initially might not at the later date, so dis-
crepancies for status may have reflected actual
differences in number of symptoms rather than the
validity of the measures.

On the Wechsler Intelligence Scale for Children —
4th Edition (WISC-IV — Weschler, 2003), the scores of
all twins fell within the Low Average (n = 3), Average
(n = 18), High Average (n = 3), Superior (n = 3) or Very
Superior (n = 1) range of intellectual functioning.

On face-to-face assessment for DCD using the
MAND, five sets of twins, three male, two female,
were discordant for DCD, with 6 or more points dif-
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ference (mean = 9.8; SD = 3.27; range 6–15) between
co-twin scores. In two other female sets, the first-born
twin did not meet criteria for DCD, and the second-
born had a score of 86, 1 point above the MAND
cut-off. Two sets, both male, were concordant for
DCD. The concordant twins had the lowest scores on
the MAND (mean = 63.5; SD = 13.53; range 48–78).

On a parental telephone interview for ADHD using
the DISC-IV-P (Shaffer et al., 2000), two male sets of
twins were discordant for ADHD, in that one met crite-
ria for a DISC-IV-P diagnosis and the other had neither
a Positive nor an Intermediate diagnosis. Three sets, all
male, were neither concordant nor discordant on the
DISC-IV-P as either one met criteria for a Positive diag-
nosis and the co-twin met Intermediate criteria, or one
twin met Intermediate criteria and the other was unaf-
fected.

Measures

Developmental Coordination Disorder Questionnaire (DCD-Q)

The DCD-Q (Wilson et al., 2000), a parental report
of their child’s movement abilities, was included in the
Twin and Sibling Questionnaire, the measure initially
mailed to families. It includes four subtypes: general
coordination; control during movement; gross motor/
planning; and fine motor/handwriting. Parents were
asked to complete the questionnaire by comparing
their child to children of the same age. The total score
is 85. Because the Twin and Sibling Questionnaire has
a four point scale, to make it easier for parents com-
pleting the questionnaire that included the DCD-Q,
the 3 was omitted to make a 4-point scale of 1, 2, 4,
5. For inter-item reliability Cronbach’s alpha was .88
for the full scale and from .86–.88 for each item if
deleted (Martin et al., 2006). Rather than use a fixed
score to assign individuals as affected or unaffected,
for this measure the cut-off score was calculated using
the formula:

Cut-off score = Mean – (1.65 × SD).

On this scale a low score assigns the participant to the
‘affected’ group, a high score to the ‘unaffected’ co-
twin control group (Martin et al., 2006; Pearsall-Jones
et al., 2008; Piek et al., 2007).

McCarron Assessment of Neuromuscular Development (MAND)

To further explore movement ability, the MAND
(McCarron, 1997) was administered during face-to-face
assessments. The MAND is a standardized measure
developed to assess fine and gross motor development
in children aged 3.5 years to young adulthood and
above. The measure incorporates five measures of fine
motor coordination (e.g., Beads in a Box; Nut and Bolt;
Finger Tapping) and five measures of gross motor coor-
dination (e.g., Heel to Toe Walk; Stand on One Foot;
Jumping). The scaled scores on each of these are added
and the age norms, provided for children aged 3.5 years
to young adulthood and above, are used to determine a
Neuromuscular Development Index (NDI) with a mean
of 100 and standard deviation of 15. A score below 55

is classified as a severe disability, 55 to 70 a moderate
disability and 71 to 85 a mild disability. Scores are cate-
gorized into four factors: Persistent Control (PC),
Muscle Power (MP), Kinesthetic Integration (KI) and
Bimanual Dexterity (BD). Test–retest reliabilities after a
month interval over the 10 tasks ranged from .67 to .98
(McCarron). Tan et al. (2001), using an Australian
sample, found the MAND to have good specificity,
good sensitivity and to be a valid measure for the iden-
tification of motor impairment.

Strengths and Weaknesses of ADHD Symptoms and Normal
Behavior (SWAN)

The SWAN (Swanson et al., 2001), is a parental report
of their child’s attention, impulse control and activity.
This instrument is based on the 18 ADHD symptoms
listed in the DSM-IV (1994) and involves observations
based on the last month in comparison with other chil-
dren of the same age. Scores for each item range from
Far below average (scored as +3) to Far above average
(scored as –3) in order to reflect both strengths and
weaknesses. The scores are summed and then divided
by nine for the Inattention and Hyperactivity/
Impulsivity scale, and by 18 for the Combined subscale,
resulting in an average score for each subtype. The cut-
offs between individuals affected and unaffected for
inattention and hyperactivity/impulsivity are calculated
from the distribution of scores using the formula:

Cut-off score = Mean + (1.65 × SD).

A high score indicates status as ‘affected’, a low score
indicates ‘unaffected’ (Hay et al., 2007; Martin et al.,
2006; Pearsall-Jones et al., 2008; Piek et al., 2007).

The Diagnostic Interview Schedule for Children IV — 
Parent Interview (DISC-IV-P)

The DISC-IV-P (Schaffer et al., 2000), is a standardized
measure designed by the National Institute of Mental
Health to assess child and adolescent psychiatric diag-
noses by ascertaining presence or absence of symptoms
in children and young people aged six to 17 years. The
computerized version we used was administered tele-
phonically to the major caregiver, asking questions about
the young person. It incorporated a number of impair-
ment questions, to measure the degree to which
symptoms significantly impaired or distressed the indi-
vidual, a criterion required for diagnosis. The DISC-IV-P
has eight modules. Only the E (Disruptive Behavior
Disorders) ADHD module was administered for pur-
poses of this study. If there were sufficient symptoms
causing significant severity/impairment, a DSM-IV
(1994) Positive Diagnosis was generated. If symptoms
were present, but were insufficient or not sufficiently
severe to meet DSM-IV diagnosis, an Intermediate
Diagnosis was made. It has good reliability and validity
(Hersen, 2004).

Wechsler Intelligence Scale for Children-IV (WISC-IV) —
Australian

The WISC-IV (Weschler, 2003) measures cognitive
ability in children aged 6 to 16 years 11 months. This
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was administered to ensure that participants met DSM-
IV-TR (2000) criteria for DCD, which requires motor
coordination to be significantly lower than expected
for the child’s intellect, and to ascertain whether there
were significant differences in intellectual ability
between first- and second-born twins. The 10 core sub-
tests yield four subtest indices: Verbal Comprehension
(VCI), Perceptual Reasoning (PRI), Working Memory
(WMI), and Processing Speed (PSI). These subtests
were administered for the purposes of this study.

The WISC-IV has excellent internal consistency,
test-retest reliability, and criterion and construct valid-
ity. Reliability coefficients for the WISC-IV Australian
subtests averaged from .75 to .89.

Behavioral Assessment System for Children Structured
Developmental History (BASC-SDH)

Mothers were asked to complete the BASC SDH
(Reynolds & Kamphaus, 2004). This was to gather
more extensive information on birth complications
and developmental history. This survey provides a
detailed birth, medical and developmental history,
contextualising the young person’s behavior.

Procedure

The project was approved by the Curtin University of
Technology Human Research Ethics Committee and by

the Australian Twin Registry (ATR). Following written
consent by parents and assent by young people the
parents were contacted and the DISC-IV-P (Schaffer et
al., 2000) was administered telephonically. Appoint -
ments were made to visit the homes of 15 sets of the 16
sets identified prior to DNA confirmation of zygosity.
One set chose to be interviewed at Curtin University
of Technology.

Twins in a set were interviewed by different
researchers — one assessing one twin whilst the other
assessed the other. Assessors were blind to the partici-
pant’s DCD and ADHD status. Administration time
varied between five and seven hours, with several
breaks in between. Three sets of twins had their status
as monozygotic confirmed by DNA analysis prior to
our study. The remaining 13 sets were mailed kits to
collect buccal cells for DNA analysis. The DNA of
two sets of female twins indicated that they were dizy-
gotic or fraternal twins. Data on these twins were
excluded from data analysis.

Results
DCD and ADHD

Table 1 shows case by case twin status for DCD and
ADHD on the DISC-IV-P and MAND, and provides
the relevant birth history. It is broken down into
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Table 1

Mean GA, Status on the DISC-IV-P and MAND, and Birth Complications

Twin 1 Twin 2

M GA SD range DISC-IV-P MAND (NDI) Birth history DISC-IV-P MAND (NDI) Birth history

DCD discordant
33.4 (2.51) 31–37 N N (93) Mother pre-eclampsia N Y (78) Mother pre-eclampsia

N N (89) N Y (80) Oxygen perfusion problems
N Y (84) Oxygen perfusion problems I N (93)
I N (93) N Y (83)
N N (88) Oxygen perfusion problems I Y (82) Oxygen perfusion problems

DCD concordant
33.5 (3.54) 31–36 I Y (78) Oxygen perfusion problems; Y (CT) Y (71) Oxygen perfusion problems;

TTTS TTTS

I Y (57) Oxygen perfusion problems Y (IT) Y (48) Oxygen perfusion problems

MAND second twin 86
35.5 (2.12) 34–37 N N (104) I N (86) Oxygen perfusion problems

I N (94) Mother pre-eclampsia I N (86) Mother pre-eclampsia

ADHD Discordant
36 (2.83) 34–38 N N (101) Y (IT) N (87)

N N (111) Y (CT) N (94)

ADHD Intermediate and/or
Positive diagnoses
36 (1.73) 34–37 I N (95) Oxygen perfusion problems;  Y (CT) N (90) Oxygen perfusion problems;

TTTS; mother severe TTTS; mother severe
pre-eclampsia pre-eclampsia

Y (IT) N (99) I N (95)
I N (111) N N (111)

Note: Y = diagnosis present; N = diagnosis absent; I = intermediate diagnosis; CT = combined type; IT = inattentive type
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groups with age means: DCD Discordant (13.3 years;
SD = 2.93; range 8.42–15.58); DCD Concordant
(12.8 years; SD = 5.54; range 8.33–16.67); MAND
second twin 86 (9.13 years; SD = .64; range 8.67–
9.58); ADHD discordant (13.63 years; SD = 1.29;
range 13.17–14.09); and ADHD sets with Positive
and Intermediate diagnoses (13.95 years; SD = 5.11;
range 8.17–17.85). Because of the small numbers in
the groups, mean age comparisons were not made.

Of the four sets of twins born ≤ 32 weeks GA, two
first-born twins (one of whom was born with a cord
around the neck), and three second-born twins, had
MAND scores < 85. At birth, three first-born twins
and five second-born twins required oxygen supple-
ments for a period longer than 2 hours to 11 weeks
(some twins required oxygen for a ‘few minutes’ to 1
or 2 hours — this was not regarded as indicating
oxygen perfusion problems).

All three first-born twins with DCD on the MAND
experienced perinatal oxygen perfusion problems (two
required oxygen at birth, one for 11 weeks; the mother
of one reported pre-eclampsia; a third was born with a
cord around the neck). Four of the six second-born twins
with DCD on the MAND experienced perinatal oxygen
perfusion problems (three required oxygen at birth, one
for 8 weeks; the fourth had breathing difficulties); one
mother reported pre-eclampsia. Two second-born twins
had scores of 86 on the MAND — the mother of one
reported pre-eclampsia; the other twin was reported as
having severe breathing difficulties and required supple-
mentary oxygen. Both twins in both sets concordant for
DCD experienced perinatal oxygen perfusion problems,
and one set experienced TTTS. Both second-born twins

in these sets also met criteria for a Positive diagnosis of
ADHD (one Combined, one Inattentive), and both first-
born twins’ scores placed them in the Intermediate range
for ADHD.

A total of six twins were diagnosed with ADHD
based on the DISC-IV-P, one first-born (Combined)
and five second-born twins (two Inattentive, three
Combined). Three of these (all second-born twins)
experienced oxygen perfusion problems. An additional
11 twins — the co-twins of four of whom were
Positive for ADHD — had DISC-IV-P scores placing
them in the Intermediate range for ADHD, indicating
that they had attention problems which were insuffi-
cient to warrant a Positive diagnosis. Six were
first-born and five second-born twins, and only two of
these, both second-born, experienced perinatal oxygen
perfusion problems. The only twins who met criteria
for both DCD and ADHD were the two second-born
twins in the DCD concordant group.

First vs. Second Twin

Table 2 shows first and second-born twin average
birthweights and scores on Apgar (one-tailed paired t
tests) and scores on the MAND, DISC-IV-P, and WISC-
IV (two-tailed paired t tests). There were statistically
significant differences between first- and second-born
twins on 1-minute Apgar, and on the MAND Gross
Motor, Bimanual Dexterity and Neuromuscular
Develop mental Index, in favor of first-born twins.

Discussion
This study was designed primarily to further examine
the etiology of DCD and ADHD, and to explore
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Table 2

Comparisons Between First- and Second-Born Twins for Birthweight and 1- and 5-Minute Apgar Dcores Using 1-Tailed Paired t Tests; and on the
MAND, C-DISC IV, and WISC-IV Using 2-Tailed Paired t Tests

First-born Second-born Both twins

Measure Variable M (SD) M (SD) Range t p

Birth demographics Weight (gms) 2208 (475) 2228 (401) 1448–3005 –.26 .4
1 min Apgar 8.22 (.97) 7.11 (1.27)) 6–9 1.89 .048*
5 min Apgar 8.8 (.79) 8.6 (.52) 7–10 1 .17

MAND Fine motor 41.64 (13.19) 36.93 (12.31) 5–65 1.77 .1
Gross motor 44.08 (8.6) 39.62 (11.51) 9–68 2.9 .012*
NDI 92.64 (13.91) 84.57 (14.15) 48–111 4.26 .001*
PC 18.43 (5.16) 17.21 (6.96) 0–27 .69 .5
MP 17.29 (6.56) 15.5 (8.22) 2–35 1.23 .24
KI 19 (5.81) 16.86 (7.15) 0–26 2.15 .05
BD 17.21 (6.24) 14.36 (5.75) 0–25 2.4 .032*

DISC-IV-P Number ADHD symptoms 4 (3.64) 6.29 (5.98) 0–18 1.35 .2

WISC-IV VCI 110.21 (12.81) 108.14 (15.84) 81–138 .77 .45
PRI 104.29 (11.73) 102.36 (14.93) 67–133 .51 .62
WMI 104.36 (19.94) 104.14 (11.26) 86–146 .05 .96
PSI 95.07 (10.37) 91.93 (9.79) 75–112 .88 .39
FSIQ 105.43 (12.17) 102.86 (12.74) 84–138 .93 .37
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whether the second-born twin was at higher risk than
the first-born for adverse events pre- and perinatally.

There were similar numbers of males and females
in the DCD discordant group. We previously found
similar numbers of males and females with DCD
(Pearsall-Jones et al., 2008; Skinner & Piek, 2001), as
did Foulder-Hughes and Cooke (2003), although
other studies have found more males than females
(Kadesjö & Gillberg, 1999; Maeland, 1992). There
were only two sets of twins, both male, in the DCD
concordant group.

All six twins who met criteria for a Positive diag-
nosis of ADHD were male. We previously found more
males than females with ADHD (Pearsall-Jones et al.,
2008), as has been reported elsewhere (Rhee et al.,
2001). Rhee and colleagues concluded that males were
more likely than females to be affected by ADHD as,
genetically, males have a lower threshold for the
required liability to express ADHD.

All three first-born twins and four of the six
second-born twins with DCD on the MAND experi-
enced birth complications including oxygen perfusion
problems perinatally, in another the mother reported
pre-eclampsia. Of the two second-born twins who
had scores one point above the DCD cut-off on the
MAND, one mother reported pre-eclampsia; the
other affected twin had severe perinatal breathing dif-
ficulties and required supplementary oxygen. The
current study thus found an association between peri-
natal oxygen perfusion problems and DCD, as we
found previously on a larger study using question-
naire data only (Pearsall-Jones et al., 2008). In our
studies it was not clear whether movement difficulties
in these twins resulted from perinatal oxygen perfu-
sion problems, or whether, as proposed by Gunn and
Bennet (2008), exposure to infections in utero cumu-
latively sensitized them to hypoxia at birth, or
because of prenatal cardiac or lung problems leading
to perinatal oxygen perfusion problems (Morley,
2005). In neonatal hypoxic-ischemic encephalopathy,
20–30% of survivors were estimated to have long
term neurodevelopmental sequelae, including CP
(Vannucci & Perlman, 1997).

Although there is little literature on the etiology of
DCD, most of what is available suggests that environ-
mental factors, for instance brain lesions (Jongmans et
al., 1998) and flares (Jongmans, 1993), are likely to be
the major cause of damage to the developing brain.
There were no reports from parents participating in
our study of brain scans on their twins shortly after
birth, so the possibility of brain lesions and ‘flares’
could not be explored. In our study, of the three
mothers who reported pre-eclampsia, two delivered at
34 weeks, the other at 35 weeks. Previous research has
shown that mothers with twin pregnancies with gesta-
tional hypertension (hypertension without proteinuria)
had more twins delivered < 37 weeks and < 35 weeks,
and more babies who were small for GA. Bdolah and
colleagues (2008) found that the larger placenta of a

twin compared to a singleton pregnancy resulted in
higher rates of angiogenic proteins, and that this con-
tributed to the risk for pre-eclampsia. One of the two
sets of DCD concordant twins experienced TTTS in
utero, which can cause ischemic damage at various
stages of pregnancy (Pharoah, 2006).

If neurological conditions are a primary etiology
of DCD, then DCD and CP may fall on a continuum
of movement disorder. This is important, as DSM-IV-
TR (APA, 2000) and ICD-10 (WHO, 2004) diagnostic
criteria specify that if a general medical (e.g. neurolog-
ical) condition is present, the movement disorder is
coded on Axis III as a General Medical Condition,
rather than on Axis I as a Clinical Disorder. With
advances in neuroimaging and other scientific devel-
opments, the etiology of wellness and illness is less
mysterious than was the case even relatively recently.
If DCD is a result of a medical condition, DSM-IV-TR
and ICD-10 diagnostic criteria might need to be
revised. Second, and consequent to this, in some
instances a diagnosis of mild CP, rather than DCD,
may make young people with DCD eligible for ser-
vices currently reserved for young people with CP and
their families. This could facilitate early treatment, as
recommended in Piek (2006).

None of the five sets of twins discordant for DCD
also met criteria for a Positive diagnosis of ADHD,
although three twins met criteria for an Intermediate
diagnosis. Of the two sets of twins who were concor-
dant for DCD, both second-born twins also met
criteria for a Positive diagnosis for ADHD (one
Combined, one Inattentive), and both first-born twins’
scores placed them in the Intermediate range for
ADHD. By contrast, previous studies have shown a
close association between movement disorders and
ADHD (Gillberg, 2003; Martin et al., 2006; Piek et
al., 1999).

One first and five second-born twins met the DISC-
IV-P (Shaffer et al., 2000) criteria for ADHD, and four
of their co-twins were Intermediate for ADHD. None
of the twins discordant for ADHD experienced perina-
tal oxygen perfusion problems. Of the six twins who
met criteria for ADHD, only the two second-born
DCD concordant sets had co-occurring ADHD, and
both experienced perinatal oxygen perfusion problems.
This raises the issue of secondary ADHD, with envi-
ronmental etiology, as opposed to developmental
ADHD with a genetic etiology, and whether the etiol-
ogy of ADHD in the DCD concordant twins is
secondary to intrauterine infection and anoxia or
hypoxia at birth (Henderson-Smart, 1995; Lou, 1994),
as has been previously suggested (Pearsall-Jones et al.,
2008). The DCD concordant twins were the most
severely affected in terms of their motor deficits,
further supporting the view that there was more exten-
sive damage that may also be associated with ADHD.
This suggests that it is important to further explore
the nature of movement deficits associated with devel-
opmental and secondary ADHD, and the nature of
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attention deficits associated with DCD. All of the
young people in our study with ADHD had an
Inattentive component. In cases in which discordance
for ADHD cannot be associated with birth complica-
tions or other medical factors in affected twins,
epigenetic processes affecting only one twin might be a
possibility, as found by Bennett and colleagues (2008)
in hemophilia A.

On paired t tests, the 1-minute Apgar score of the
second-born twin was significantly lower than that of
the first-born twin. Lower 5-minute Apgar scores in
second- than first-born twins have previously been
found (Hartley & Hitti, 2005), with the second-born
twin at higher risk for requiring resuscitation or intu-
bation, and for suffering respiratory distress syndrome.
Montassir and colleagues (in press) have associated
perinatal oxygen perfusion difficulties and low 1-
minute Apgar with hypoglycemic brain lesions and CP.
Three first- and six second-born twins met MAND cri-
teria for DCD, suggesting that second-born twins were
at higher risk for movement disorder than first-born
twins. Second-born twins performed at a significantly
lower level than first-born twins on MAND Gross
Motor, Bimanual Dexterity and the Neuromuscular
Developmental Index. Previous studies have concluded
that second-born twins were at higher risk for morbid-
ity than first-born twins (Hartley & Hitti, 2005). In
our study this could not be linked with type of delivery,
as in no case was the first twin delivered vaginally and
the second by cesarean delivery.

There were no significant differences between first-
and second-born twins on the WISC-IV, so second-
born twins were not significantly more intellectually
compromized than first-born twins. This is consistent
with previous studies (Ramsey et al., 2000; Tinca et
al., 2006).

Future Research
Establishing the etiology of DCD and ADHD, and the
role of environmental and epigenetic processes in
discordant MZ twins, has significant implications
for clinical practice and perhaps for prevention.
Assessment, using the MAND, of young people with
mild CP will help clarify whether the patterns of
movement disorder in mild CP and DCD are similar.
Current research underway in Australia is investigat-
ing the association between movement disorders,
specifically CP, genes and susceptibility to infections in
utero. If such genes are identified, a project could be
undertaken to establish whether children with DCD
have similar genetic vulnerabilities, which may be
related to oxygen perfusion difficulties at birth.
Whether the relationship is causal or by association,
for instance reflecting a prenatal insult or aberration
involving the lungs or brain which depresses ability to
oxygenate at birth, is beyond the scope of this paper.

Some neonates who have experienced perinatal
asphyxia have developed movement disorders, includ-
ing CP (Vannucci & Perlman, 1997; Morley, 2005;

Westin, 2006). Neonatal induced hypothermia might
also be further explored, as this has been shown to
improve outcome for neonates experiencing perinatal
asphyxia (Jacobs et al., 2007; Lin et al., 2006).
Permissive hypercapnia has also been found to be of
benefit in neonates with respiratory disease and brain
injury who experience severe hyper and hypocapnia
(Zhou & Liu, 2008).

Creation of, and access to, twin registers and data-
bases, for instance the WA Twin Child Health
(WATCH) register, with links to databases such as the
Western Australia Maternal and Child Health
Database (Croft et al., 2002), would provide a more
detailed birth history to supplement caregiver recall.

Conclusions
In the current study we used a co-twin control design
to investigate etiological pathways for DCD and
ADHD. This was found to be a very effective design
as it identified unique environmental factors that
could be linked to specific disorders. In particular,
DCD was found to be associated with perinatal
oxygen perfusion problems that were not present for
developmental ADHD. Furthermore, being a second-
born twin was also linked with poorer motor outcome
but not on average with increased inattention nor
hyperactivity/impulsivity. However, given the small
number of twins that can be identified using this
approach, these findings need to be examined further
with studies using both the discordant co-twin control
design as well as other suitable approaches.
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