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Objective To compare cognitive, motor, behavioral, and functional outcomes of adolescents born with a con-
genital heart defect (CHD) and adolescents born preterm.
Study design Adolescents (11-19 years old) born with a CHD requiring open-heart surgery during infancy (n = 80)
or born preterm ≤29 weeks of gestational age (n = 128) between 1991 and 1999 underwent a cross-sectional evalu-
ation of cognitive (Leiter International Performance Scale-Revised), motor (Movement Assessment Battery for Children-
II), behavioral (Strengths and Difficulties Questionnaire), and functional (Vineland Adaptive Behavior Scale-II) outcomes.
Independent samples t tests and Pearson c2 or Fisher exact tests were used to compare mean scores and pro-
portions of impairment, respectively, between groups.
Results Adolescents born with a CHD and adolescents born preterm had similar cognitive, motor, behavioral,
and functional outcomes. Cognitive deficits were detected in 14.3% of adolescents born with a CHD and 11.8% of
adolescents born preterm. Motor difficulties were detected in 43.5% of adolescents born with a CHD and 50% of
adolescents born preterm. Behavioral problems were found in 23.7% of adolescents in the CHD group and 22.9%
in the preterm group. Functional limitations were detected in 12% of adolescents born with a CHD and 7.3% of
adolescents born preterm.
Conclusions Adolescents born with a CHD or born preterm have similar profiles of developmental deficits. These
findings highlight the importance of providing long-term surveillance to both populations and guide the provision of
appropriate educational and rehabilitation services to better ameliorate long-term developmental difficulties. (J Pediatr
2019;207:34-41).

I nfants born preterm or with a congenital heart defect (CHD) both experience critical illness in early life, and subse-
quently, are both at risk of experiencing long-term developmental impairments. These groups present with well-
documented cognitive impairments, motor difficulties, and behavioral problems throughout childhood.1-9 With advances

in medical care over the past decades, more infants born preterm or with a CHD are now surviving long past infancy and child-
hood and into adolescence.10-12

Follow-up studies tracking the development of adolescents born preterm have
convincingly uncovered pronounced deficits in executive functioning13-18 and other
cognitive impairments,13,14,17-20 accompanied by reductions in academic
achievement,13,21-23 with a limited number of studies documenting the impaired
motor skills24 and behavioral issues, such as poor socialization skills,25,26 also present
in this group. Similarly, existing research on adolescents born with a CHD re-
quiring early open heart surgery have predominantly focused on cognitive
deficits,27-32 with a paucity of studies reporting motor impairments30,33 and be-
havioral difficulties.27-29,32

This secondary analysis of a cross-sectional study aims to describe and compare
the developmental status of adolescents born with a CHD and adolescents born
preterm in a regional sample. To do so, we performed a comprehensive evaluation

CHD Congenital heart defect
Leiter-R Leiter International Performance Scale-Revised
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MCH Montreal Children’s Hospital
SDQ Strengths and Difficulties Questionnaire
VABS-II Vineland Adaptive Behavior Scale-II
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of cognitive, motor, behavioral, and functional outcomes to
fully characterize the domains commonly affected by devel-
opmental disorders.

Methods

Adolescents (11-19 years old) born between 1991 and 1999 were
recruited if they were born very or extremely preterm ≤29 weeks
of gestational age, or born with a complex CHD requiring sur-
gical correction (ie, open-heart surgery), as part of the De-
terminants of Activity Involvement in Leisure for Youth study.
The primary aim of the Determinants of Activity Involve-
ment in Leisure for Youth study was to identify determinants
of participation in leisure activities among adolescents.34-37 Par-
ticipants were included if they and their parents could both
speak and read English or French.

Preterm participants were recruited through the Neonatal
Follow-up Program of the Montreal Children’s Hospital
(MCH), which includes all infants born ≤29 weeks of gesta-
tional age regardless of developmental status. A letter con-
taining information about the research project was sent to
families of potential participants, after which parents were con-
tacted by a nurse from this program to determine their inter-
est in the study. For the CHD group, adolescents born with a
CHD and admitted to the MCH neonatal intensive care unit
or wards as infants for a corrective open-heart surgery during
the first 2 years of life were recruited. These patients were all
followed closely and regularly by a cardiologist at the MCH.
Eligible participants were contacted by a member of the pe-
diatric cardiology department of the MCH to appraise their
interest in the study. For both groups, a member of the re-
search team contacted the interested participants to clarify study
procedures and obtain written informed consent from the
guardian, and written assent from the youth as appropriate
based on cognitive status.

Following enrollment in the study, participants attended a
single appointment at the MCH, during which various evalu-
ations were performed by experienced evaluators who were
blinded to participants’ medical history and the findings of
other evaluators. A psychologist administered the Leiter In-
ternational Performance Scale-Revised (Leiter-R)38 to evalu-
ate cognition and the Vineland Adaptive Behavior Scale-II
(VABS-II)39 to evaluate functional status. The Leiter-R is a nor-
malized nonverbal test of global intelligence designed for chil-
dren aged between 2 and 20 years. On the basis of the Leiter-R
brief IQ scores, each participant’s cognitive status was catego-
rized by impairment level, with brief IQ scores of <70 con-
sidered as cognitive deficit. The VABS-II provides normalized
measures of subdomains of functional status as related to com-
munication, daily living skills, and socialization and on the basis
of these subdomain scores, computes a composite score, the
adaptive behavior composite. Each participant’s functional
status was categorized by impairment level. Scores of <78 (1.5
SD below the mean) were considered to be abnormal.

Motor ability was assessed using the Movement Assess-
ment Battery for Children-II (MABC-II),40 administered by a
licensed occupational therapist or physical therapist. The

MABC-II evaluates motor ability as related to manual dex-
terity, aiming and catching, and balance, and provides a total
test score indicating the child’s overall motor competence. For
each of these 4 scores, participants were categorized as having
no movement difficulty (>15th percentile), at risk of move-
ment difficulty (6th-15th percentile), or having significant
movement difficulty (≤5th percentile).

Information regarding participants’ behavioral problems was
collected using the Strengths and Difficulties Questionnaire
(SDQ),41 which was completed by participants’ parents. The
SDQ evaluates behavioral status by measuring participants’
prosocial behaviors, emotional and conduct problems, hyper-
activity, and peer problems, and the impact of behavioral issues
on their daily lives. Participants’ behaviors were classified as
normal, borderline, or abnormal for each subscale based on
established cut-offs. Parents also completed a questionnaire out-
lining sociodemographic information related to parental edu-
cation level and total family income and reported medical
morbidities experienced by their children. Recruitment and data
collection occurred between May 2010 and December 2014.
This study was approved by the MCH Research Ethics Board.

Descriptive statistics were used to examine the sociodemo-
graphic characteristics, medical morbidities, and developmen-
tal outcomes of the sample. Means and proportions were
derived for each of the outcome measures by group. Indepen-
dent samples t tests were used to compare the means of con-
tinuous variables between groups. Pearson c2 or Fisher exact
tests were used to compare categorical variables between groups.
Missing data were excluded, and all statistical analyses were per-
formed using a level of significance of P < .05. Statistical analy-
ses were performed using IBM SPSS Statistics Software v 23
(IBM, Armonk, New York).

Results

Eighty adolescents born with a complex CHD (39 male, 41
female) and 128 adolescents born preterm (61 male, 67 female)
participated in this study. Mean age at assessment was 15.7 years
(SD = 1.7 years, range = 11.4-19.9 years) in the CHD group and
16.0 years (SD = 2.4 years, range = 12.0-19.9 years) in the
preterm group. Of the participants with a CHD enrolled, 63
had a cyanotic CHD and 17 had an acyanotic CHD, and 13
had a single-ventricle physiology (eg, hypoplastic left heart syn-
drome, tricuspid atresia) and 67 had a biventricular physiol-
ogy (eg, tetralogy of Fallot, transposition of the great arteries).
Median age at first surgery was 1.1 months (range = 0.1-23.8
months). The majority of adolescents born with a CHD were
born full-term; however, 5 participants were born preterm <37
weeks of gestational age, with 1 of these participants born ≤ 29
weeks. These 5 participants did not differ significantly from
the rest of the group in terms of sex, age at assessment, height,
weight at testing, sociodemographic characteristics, or medical
morbidities. Mean gestational age at birth of the preterm group
was 26.5 weeks (SD = 1.8 weeks, range = 22.4-29.6 weeks). The
CHD and preterm groups did not significantly differ in terms
of sex (c2 = 0.0236, P = .878), age at assessment (t = −0.771,
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P = .441), height (t = 1.24, P = .218), or weight at testing
(t = 1.12, P = .264).

The parent-reported sociodemographic information for the
2 groups is presented in Table I. The 2 groups did not differ
significantly in terms of maternal and paternal education, or
total household income. The groups differed significantly with
respect to primary language spoken at home: although most
preterm participants were primarily English-speaking, most
CHD participants were primarily French-speaking. The parent-
reported medical morbidities of the 2 groups are presented in
Table II. Parent-reported medical morbidities did not differ
significantly between the 2 groups with the exception of asthma,
which was more prevalent in the preterm group, and genetic
syndromes and chromosomal abnormalities, which were more
prevalent in the CHD group. Adolescents born with a CHD
were also more frequently taking daily medication compared
with those born preterm.

The mean scores of adolescents from the 2 groups on the
various assessments are presented in Table III. Proportions of
impairment in each group for all outcome measures are pre-
sented in Table IV.

Adolescents born with a CHD and adolescents born preterm
had comparable cognitive outcomes, with no significant dif-
ference in Leiter-R brief IQ. Proportion of impairment did not
differ significantly between the 2 groups, with 14.3% of ado-
lescents born with a CHD and 11.8% of adolescents born
preterm presenting with mild to severe cognitive delay (brief
IQ <70).

Adolescents born with a CHD and adolescents born preterm
had comparable motor outcomes, with no significant differences

in MABC-II manual dexterity, aiming and catching, or balance
scores or MABC-II total test score. Proportion of overall motor
impairment did not differ significantly between the 2 groups,
with 43.5% of adolescents born with a CHD and 50.0% of ado-
lescents born preterm classified as at risk or as having significant

Table I. Comparison of participants’ sociodemographic variables

Categories

CHD
frequency (%)

n = 80

Preterm
frequency (%)

n = 128 P value

Maternal education High school incomplete 4 (5.3%) 11 (9.1%) .816
High school 25 (32.9%) 37 (30.6%)
CEGEP/college 22 (28.9%) 33 (27.3%)
University degree 19 (25.0%) 27 (22.3%)
Graduate degree 6 (7.9%) 13 (10.7%)
Missing 4 7

Paternal education High school incomplete 15 (20.8%) 12 (11.0%) .204
High school 22 (30.6%) 27 (24.8%)
CEGEP/college 15 (20.8%) 34 (31.2%)
University degree 12 (16.7%) 25 (22.9%)
Graduate degree 8 (11.8%) 11 (10.1%)
Missing 8 19

Total household income (before taxes) 0-$19 999 5 (6.9%) 12 (10.7%) .660
$20 000-$39 999 8 (11.1%) 18 (16.1%)
$40 000-$59 999 13 (18.1%) 22 (19.6%)
$60 000-$79 999 11 (15.3%) 16 (14.3%)
$80 000+ 35 (48.6%) 44 (39.3%)
Missing 8 16

Primary language English 22 (28.9%) 58 (47.2%) <.001
French 47 (61.8%) 31 (25.2%)
Other 4 (5.3%) 16 (13.0%)
Mixed 3 (3.9%) 18 (14.6%)
Missing 4 5

CEGEP, College d'enseignement général et professionnel (College of general and vocational education).
Percentages (%) reported exclude the missing variables.

Table II. Group comparison of participants’ medical
morbidities

Medical morbidities
(parent report)

CHD
frequency (%)

n = 80

Preterm
frequency (%)

n = 128 P value

Allergies 1 (1.3%) 7 (5.7%) .158
Asthma 1 (1.3%) 15 (12.2%) .013
Currently taking daily

medication
23 (30.3%) 22 (17.9%) .043

History of epilepsy 6 (7.9%) 5 (4.1%) .341
Visual impairment

(without glasses)
4 (5.3%) 16 (13.0%) .082

Wears corrective lenses
(glasses or contacts)

26 (36.1%) 52 (50.0%) .068

Hearing impairment 5 (6.6%) 6 (4.9%) .751
Speech/language impairment 1 (1.3%) 6 (4.9%) .255
Cerebral palsy 0 (0%) 6 (4.9%) .084
ADHD 19 (26.8%) 22 (22.2%) .495
ASD/developmental delay 1 (1.3%) 7 (5.7%) .158
Depression/anxiety 20 (28.2%) 23 (23.5%) .489
Learning disability 25 (35.2%) 34 (34.7%) .944
Genetic syndrome/

chromosomal abnormality
7 (8.5%) 2 (1.7%) .033

Parents did not complete
questionnaire

4 (5.0%) 5 (3.9%) .736

ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder.
Percentages (%) reported exclude the missing variables.
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movement difficulty (total test score ≤ 67). Proportion of im-
pairment did not differ significantly between the 2 groups with
respect to manual dexterity, aiming and catching, or balance.
For both groups, the proportion of impairment was lowest for
balance and highest for manual dexterity.

Adolescents born with a CHD and adolescents born preterm
had comparable behavioral outcomes, with no significant dif-
ferences in SDQ total test score or prosocial behaviors, emo-
tional symptoms, conduct problems, hyperactivity, peer
problems, or impact of behavior. Proportion of behavioral im-
pairment, across all domains, did not differ significantly between
the 2 groups. In summary, 23.7% of adolescents born with a
CHD and 22.9% of adolescents born preterm had overall be-
havioral problems as indicated by borderline or abnormal SDQ
total test scores. In addition, 57.8% of adolescents born with
a CHD and 49.1% of adolescents born preterm had border-
line or abnormal impact scale scores, indicating that these be-
havioral problems caused these individuals considerable distress
or interfered with their home lives, friendships, classroom learn-
ing, or leisure activities, as reported by participants’ parents.

Adolescents born with a CHD and adolescents born preterm
had comparable functional outcomes, with no significant dif-
ferences in VABS-II communication, daily living skills, or so-
cialization scores or the VABS-II adaptive behavior composite.
Furthermore, proportions of overall functional impairment and
impairment in communication and socialization did not differ
significantly between the two groups. Overall, 12.0% of ado-
lescents born with a CHD and 7.3% of adolescents born
preterm presented with mild to moderate functional deficits,
as described by the VABS-II adaptive behavior composite. In
contrast, the 2 groups differed significantly in terms of level
of functional impairment related to daily living skills. However,
when participants’ VABS-II daily living skills scores were di-
chotomized as normal (≥78) or abnormal (<78), there was no

significant difference in the distribution of scores between the
2 groups (c2 = 0.752, P = .386), with 14.7% of adolescents born
with a CHD and 19.5% of adolescents born preterm classi-
fied as having abnormal daily living skills.

To further explore the developmental deficits observed in
adolescents born with a CHD, follow-up subgroup analyses were
performed to compare the developmental outcomes of ado-
lescents born with a single-ventricle CHD to those born with
a biventricular CHD. Adolescents born with a single-ventricle
CHD presented with significantly lower MABC-II manual dex-
terity scores and VABS-II communication, socialization, and
adaptive behavior composite scores compared with adoles-
cents born with a biventricular CHD, with a trend toward lower
Leiter-R brief IQ scores (Table V; available at www.jpeds.com).
Furthermore, a greater proportion of adolescents born with
a single-ventricle CHD presented with significant difficulty with
manual dexterity on the MABC-II, abnormal conduct problem
scores and borderline total test scores on the SDQ, and mod-
erately low adaptive behavior composite scores on the VABS-
II (Table VI; available at www.jpeds.com). However, when
participants’ VABS-II adaptive behavior composite scores were
dichotomized as normal (≥78) or abnormal (<78), there was
no significant difference in the distribution of scores between
the 2 groups (P = .151), with 33.3% of adolescents born with
a single-ventricle CHD and 13.6% of adolescents born with
a biventricular CHD classified as having abnormal func-
tional outcome.

Discussion

Cognitive impairments have been previously documented in
adolescents born with a CHD and adolescents born preterm.
Previous studies have consistently uncovered deficits in a broad
range of executive function, including working memory and

Table III. Mean outcome scores of adolescents born with a CHD or born preterm

Outcomes
CHD

mean ± SD (range)
Preterm

mean ± SD (range) P value

Leiter-R n = 77 n = 127
Brief IQ 89.6 ± 21.8 (36-127) 91.9 ± 18.7 (36-131) .415

MABC-II n = 76 n = 126
Manual dexterity 7.54 ± 3.42 (1-14) 6.82 ± 3.22 (1-18) .133
Aiming and catching 8.13 ± 3.98 (1-16) 7.83 ± 3.48 (1-15) .577
Balance 9.45 ± 4.00 (1-15) 9.29 ± 3.67 (1-15) .781
Total test score 67.0 ± 20.9 (11-97) 64.6 ± 18.3 (12-100) .395

SDQ n = 76 n = 118
Prosocial scale score 8.18 ± 2.04 (3-10) 8.50 ± 1.72 (3-10) .249
Emotional symptoms scale score 2.74 ± 2.14 (0-8) 2.54 ± 2.40 (0-10) .566
Conduct problems scale score 1.42 ± 1.40 (0-6) 1.36 ± 1.48 (0-6) .760
Hyperactivity scale score 3.37 ± 2.39 (0-10) 3.13 ± 2.58 (0-10) .516
Peer problems scale score 2.16 ± 2.17 (0-8) 2.29 ± 1.93 (0-8) .662
Impact scale score 3.68 ± 4.01 (0-13) 2.93 ± 3.86 (0-15) .194
Total score 9.68 ± 5.92 (0-22) 9.31 ± 5.85 (0-27) .669

VABS-II n = 75 n = 123
Communication 87.0 ± 15.4 (43-124) 91.2 ± 15.5 (45-124) .066
Daily living skills 94.5 ± 17.2 (51-130) 91.6 ± 17.7 (35-136) .264
Socialization 97.6 ± 19.0 (38-150) 98.9 ± 17.1 (42-135) .617
Adaptive behavior composite 91.9 ± 17.0 (46-135) 92.7 ± 16.2 (44-135) .764
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Table IV. Categorized outcomes of adolescents born with a CHD or born preterm

Outcomes Category
CHD

frequency (%)
Preterm

frequency (%) P value

Leiter-R n = 77 n = 127
Brief IQ Very high/gifted (130-170) 0 (0%) 1 (0.8%) .559

High (120-129) 7 (9.1%) 7 (5.5%)
Above average (110-119) 9 (11.7%) 15 (11.8%)
Average (90-109) 25 (32.5%) 46 (36.2%)
Below average (80-89) 13 (16.9%) 26 (20.5%)
Low (70-79) 12 (15.6%) 17 (13.4%)
Very low/mild delay (55-69) 6 (7.8%) 12 (9.4%)
Moderate delay (40-54) 2 (2.6%) 3 (2.4%)
Severe delay (30-39) 3 (3.9%) 0 (0%)

MABC-II n = 76 n = 126
Manual dexterity No movement difficulty (≥7) 49 (64.5%) 66 (52.4%) .168

At risk (6) 6 (7.9%) 19 (15.1%)
Significant movement difficulty (≤5) 21 (27.6%) 41 (32.5%)

Aiming and catching No movement difficulty (≥7) 52 (68.4%) 80 (63.5%) .718
At risk (6) 5 (6.6%) 8 (6.3%)
Significant movement difficulty (≤5) 19 (25.0%) 38 (30.2%)

Balance No movement difficulty (≥7) 62 (81.6%) 100 (79.4%) .957
At risk (6) 3 (3.9%) 6 (4.8%)
Significant movement difficulty (≤5) 11 (14.5%) 20 (15.9%)

Total test score No movement difficulty (>67) 43 (56.6%) 63 (50.0%) .648
At risk (57-67) 17 (22.4%) 31 (24.6%)
Significant movement difficulty (<57) 16 (21.1%) 32 (25.4%)

SDQ n = 76 n = 118
Prosocial scale score Normal (6-10) 65 (85.5%) 108 (91.5%) .232

Borderline (=5) 5 (6.6%) 7 (5.9%)
Abnormal (0-4) 6 (7.9%) 3 (2.5%)

Emotional symptoms scale score Normal (0-3) 51 (67.1%) 84 (71.2%) .543
Borderline (=4) 11 (14.5%) 11 (9.3%)
Abnormal (5-10) 14 (18.4%) 23 (19.5%)

Conduct problems scale score Normal (0-2) 60 (78.9%) 94 (79.7%) .984
Borderline (=3) 9 (11.8%) 13 (11.0%)
Abnormal (4-10) 7 (9.2%) 11 (9.3%)

Hyperactivity scale score Normal (0-5) 63 (82.9%) 95 (80.5%) .596
Borderline (=6) 6 (7.9%) 7 (5.9%)
Abnormal (7-10) 7 (9.2%) 16 (13.6%)

Peer problems scale score Normal (0-2) 47 (61.8%) 68 (57.6%) .534
Borderline (=3) 9 (11.8%) 21 (17.8%)
Abnormal (4-10) 20 (26.3%) 29 (24.6%)

Impact scale score Normal (=0) 32 (42.1%) 60 (50.8%) .457
Borderline (=1) 3 (3.9%) 3 (2.5%)
Abnormal (2-10) 41 (53.9%) 55 (46.6%)

Total test score Normal (0-13) 58 (76.3%) 91 (77.1%) .083
Borderline (14-16) 4 (5.3%) 15 (12.7%)
Abnormal (17-40) 14 (18.4%) 12 (10.2%)

VABS-II n = 75 n = 123
Communication Moderately high (115-129) 4 (5.3%) 8 (6.5%) .538

Adequate (86-114) 37 (49.3%) 72 (58.5%)
Moderately low (71-85) 23 (30.7%) 32 (26.0%)
Mild deficit (50-70) 9 (12.0%) 10 (8.1%)
Moderate deficit (35-50) 2 (2.7%) 1 (0.8%)

Daily living skills High (130-160) 2 (2.7%) 1 (0.8%) .013
Moderately high (115-129) 5 (6.7%) 10 (8.1%)
Adequate (86-114) 50 (66.7%) 62 (50.4%)
Moderately low (71-85) 9 (12.0%) 40 (32.5%)
Mild deficit (50-70) 7 (9.3%) 8 (6.5%)
Moderate deficit (35-50) 2 (2.7%) 1 (0.8%)
Severe deficit (20-35) 0 (0%) 1 (0.8%)

Socialization High (130-160) 1 (1.3%) 3 (2.4%) .941
Moderately high (115-129) 12 (16.0%) 18 (14.6%)
Adequate (86-114) 44 (58.7%) 76 (61.8%)
Moderately low (71-85) 12 (16.0%) 19 (15.4%)
Mild deficit (50-70) 4 (5.3%) 5 (4.1%)
Moderate deficit (35-50) 1 (1.3%) 2 (1.6%)
Severe deficit (20-35) 1 (1.3%) 0 (0%)

Adaptive behavior composite High (130-160) 1 (1.3%) 1 (0.8%) .827
Moderately high (115-129) 5 (6.7%) 8 (6.5%)
Adequate (86-114) 48 (64.0%) 79 (64.2%)
Moderately low (71-85) 12 (16.0%) 26 (21.1%)
Mild deficit (50-70) 7 (9.3%) 7 (5.7%)
Moderate deficit (35-50) 2 (2.7%) 2 (1.6%)
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attentional control,13-18 and impairments in general intelli-
gence, perceptual reasoning, and visual-spatial skills.13,14,17-20,27-32

However, although existing studies have largely focused on cog-
nitive impairments, the prevalence of these deficits is actu-
ally relatively low in these 2 populations. Previous studies have
detected cognitive impairments, using a threshold IQ of 70,
in 4.3%-20.2% of adolescent preterm survivors14,18-20 and 11%-
17% of adolescents born with a CHD.27,28,30 Our findings fall
within the range in the literature, as within our sample, 14.3%
of adolescents born with a CHD and 11.8% of adolescents born
preterm presented with Leiter-R brief IQ < 70. As the Leiter-R
is a nonverbal test of intelligence, the cognitive deficits seen
in our sample are independent of difficulties that may arise
due to the language delays observed in these populations.4,17,18

Cerebral palsy is a common comorbidity of preterm birth,42

and clinical motor dysfunction has been documented in ado-
lescents born with a CHD.30 In addition to these severe neu-
romotor deficits, more subtle motor difficulties may impede
the everyday lives of adolescents. However, these have re-
mained largely unexplored in adolescents born preterm or with
a CHD. In our study, motor impairment was the most common
developmental deficit, with at-risk or definitively impaired per-
formance identified in 43.5% of adolescents born with a CHD
and 50.0% of adolescents born preterm. Proportions of dif-
ficulties in manual dexterity, aiming and catching, and balance
were comparable between the 2 groups, with the highest rate
of impairment in manual dexterity and the lowest rate of im-
pairment in balance. These findings are consistent with a pre-
vious study in which 51% of adolescents born preterm aged
12-13 years were at risk or had significant movement diffi-
culty, with the most significant deficits in manual dexterity com-
pared with a control group.24 In contrast, in another study, only
14.8% and 5.6% of adolescents born preterm aged 15 years
had gross and fine motor impairments, respectively.42 However,
this study only reported the prevalence of participants with
definite motor impairments, and not those within the at-risk
range, and excluded participants with cerebral palsy from their
calculations, potentially explaining this lower reported rate of
motor impairment.

Follow-up regarding the behavioral outcomes of adoles-
cents born with a CHD or born preterm has largely focused
on the prevalence of psychiatric disorders in these
populations.26,32 Within our sample, 23.7% of adolescents born
with a CHD and 22.9% of adolescents born preterm pre-
sented with overall behavioral problems, with particular dif-
ficulties with emotional problems and peer problems. These
results are consistent with previous findings of behavioral prob-
lems in 24%-25% of adolescents born preterm aged 14 years
old43 and 19% of adolescents born with a CHD.44 These be-
havioral problems may be particularly important to address,
as our findings suggest that behavioral difficulties interfere with
daily life in about one-half of adolescents born with a CHD
or born preterm.

In our sample, 12.0% of adolescents born with a CHD and
7.3% of adolescents born preterm presented with overall func-
tional deficits, ranging from mild to moderate, and also pre-
sented with specific deficits in communication, daily living, and

socialization. It is important to consider that these functional
limitations may not simply be a result of an actual inability to
perform certain tasks, but of a perceived inability resulting from
high levels of attention from and dependence on parents and
caregivers in daily life. This interpretation is consistent with a
phenomenological study in which parents of young adults with
developmental disabilities viewed themselves as having vital
and complex ongoing roles in their children’s lives, acting as
important sources of daily support and advocacy and often filling
in the gaps left by external service providers.45

We found poorer cognitive, motor, behavioral, and func-
tional outcomes in adolescents born with a single-ventricle
CHD compared with those born with a biventricular CHD.
These results are consistent with previous reports of poorer
developmental outcomes in infants and children born with a
single-ventricle CHD compared with a biventricular CHD.46,47

However, our findings are limited by the small sample size of
adolescents born with a single-ventricle CHD in this study and
should be interpreted with caution.

This study provides further support to a growing body of
evidence that suggests very similar patterns of developmental
deficits during childhood and adolescence in individuals born
with a CHD and individuals born preterm. These 2 perinatal
conditions may have similar neurologic effects, in terms of the
patterns of brain injury, specifically white matter injury, seen
in individuals born with these conditions.48-51 This suggests that
different types of critical illness in early life may have similar
effects on the immature brain. Unfortunately, although many
of the adolescents born preterm in our sample had under-
gone head ultrasound as a part of their clinical follow-up, few
adolescents born preterm had undergone brain magnetic reso-
nance imaging and few adolescents born with a CHD had un-
dergone any neuroimaging at the time, preventing us from
confirming this hypothesis in our sample. Future studies com-
paring brain development between these populations and ex-
amining the extent to which observed brain abnormalities may
impact these individuals’ developmental outcomes are required.

Our findings highlight the need for improvements in the
targeted delivery of educational and rehabilitation services to
these at-risk adolescent populations. With sufficient long-
term follow-up and evaluation, adolescents identified as ex-
periencing cognitive, motor, behavioral, or functional deficits
can be provided with targeted and individualized delivery of
educational and rehabilitation services to ameliorate their par-
ticular difficulties.

There were several limitations in our study. First, the 2 groups
differed in terms of several sociodemographic and medical
variables. There was a significant difference in the primary
language spoken by our 2 groups, representing a possible se-
lection bias. Although there are differences in language acqui-
sition patterns between English- and French-speaking children,52

these differences are likely to be minimal by adolescence. Each
participant was evaluated in their preferred language, ensur-
ing optimal understanding of evaluation instructions by both
English- and French-speaking participants. Furthermore, ad-
ministration of a nonverbal test of intelligence limited con-
founding effects of possible differences in language ability on
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cognitive outcome. There was a higher prevalence of asthma
in the preterm group compared with the CHD group, in
keeping with the documented long-term impairments in re-
spiratory function in individuals born preterm.53-55 There was
a higher prevalence of genetic syndromes and chromosomal
abnormalities in the CHD group. Genetic testing was not rou-
tinely performed for all infants born preterm or with a CHD,
so we may be under-reporting the true prevalence of genetic
conditions in our sample. In addition, a greater proportion
of adolescents born with a CHD were taking medication on
a daily basis than adolescents born preterm, possibly reflect-
ing ongoing pharmacological management of residual im-
pairments in cardiac function. Secondly, 5 members of the
CHD group were born preterm <37 weeks of gestational age,
but these participants did not differ significantly from the rest
of the group in terms of sociodemographic characteristics or
medical morbidities. Only 1 of these participants met the
threshold for inclusion in the preterm group. However, the
developmental outcomes of this participant fell within the
typical range of the CHD group, so the inclusion of this par-
ticipant likely did not skew the overall group outcomes. Finally,
sociodemographic and medical morbidity data were col-
lected using parental questionnaires and therefore, biased
answers could have been introduced because of parents’ sub-
jective interpretations of the questions or possibly inaccurate
answers.

Our findings highlight the importance of providing high-
caliber long-term follow-up and care to both of these popu-
lations of at-risk adolescents. These findings emphasize the
importance of targeted delivery of educational and rehabili-
tation services to adolescents born with a CHD or preterm to
help them overcome the developmental difficulties they ex-
perience and to empower them to navigate the difficult and
demanding transition from childhood to adulthood. ■
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Table V. Mean outcome scores of adolescents born with a single-ventricle or biventricular CHD

Outcomes
Single-ventricle CHD
mean ± SD (range)

Biventricular CHD
mean ± SD (range) P value

Leiter-R n = 12 n = 65
Brief IQ 78.4 ± 21.1 (38-113) 91.6 ± 21.5 (36-127) .053

MABC-II n = 12 n = 64
Manual dexterity 5.17 ± 3.83 (1-14) 7.98 ± 3.18 (1-14) .008
Aiming and catching 6.25 ± 3.98 (1-13) 8.48 ± 3.91 (1-16) .074
Balance 9.33 ± 4.66 (1-14) 9.47 ± 3.91 (1-15) .915
Total test score 58.1 ± 23.0 (21-91) 68.7 ± 20.3 (11-97) .109

SDQ n = 11 n = 65
Prosocial scale score 8.09 ± 2.30 (4-10) 8.20 ± 2.02 (3-10) .871
Emotional symptoms scale score 3.00 ± 2.14 (0-7) 2.69 ± 2.16 (0-8) .663
Conduct problems scale score 2.18 ± 1.99 (0-6) 1.29 ± 1.25 (0-5) .178
Hyperactivity scale score 3.91 ± 1.92 (2-8) 3.28 ± 2.47 (0-10) .422
Peer problems scale score 2.73 ± 2.00 (0-6) 2.06 ± 2.19 (0-8) .349
Impact scale score 6.36 ± 5.20 (0-13) 3.23 ± 3.63 (0-13) .080
Total score 11.8 ± 6.29 (2-22) 9.32 ± 5.83 (0-22) .198

VABS-II n = 9 n = 66
Communication 75.6 ± 9.5 (62-93) 88.6 ± 15.5 (43-124) .017
Daily living skills 89.9 ± 16.5 (68-111) 95.1 ± 17.3 (51-130) .400
Socialization 85.2 ± 13.7 (64-106) 99.3 ± 19.1 (38-150) .036
Adaptive behavior composite 80.9 ± 11.3 (63-101) 93.5 ± 17.1 (46-135) .036
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Table VI. Categorized outcomes of adolescents born with a single-ventricle or biventricular CHD

Outcomes Category
Single-ventricle CHD

frequency (%)
Biventricular CHD

frequency (%) P value

Leiter-R n = 12 n = 65
Brief IQ High (120-129) 0 (0%) 7 (10.8%) .063

Above average (110-119) 1 (8.3%) 8 (12.3%)
Average (90-109) 4 (33.3%) 21 (32.3%)
Below average (80-89) 1 (8.3%) 12 (18.5%)
Low (70-79) 1 (8.3%) 11 (16.9%)
Very low/mild delay (55-69) 4 (33.3%) 2 (3.1%)
Moderatedelay (40-54) 0 (0%) 2 (3.1%)
Severe delay (30-39) 1 (8.3%) 2 (3.1%)

MABC-II n = 12 n = 64
Manual dexterity No movement difficulty (≥7) 3 (25.0%) 46 (71.9%) .003

At risk (6) 1 (8.3%) 5 (7.8%)
Significant movement difficulty (≤5) 8 (66.7%) 13 (20.3%)

Aiming and catching No movement difficulty (≥7) 6 (50.0%) 46 (71.9%) .096
At risk (6) 0 (0%) 5 (7.8%)
Significant movement difficulty (≤5) 6 (50.0%) 13 (20.3%)

Balance No movement difficulty (≥7) 10 (83.3%) 52 (81.2%) 1.000
At risk (6) 0 (0%) 3 (4.7%)
Significant movement difficulty (≤5) 2 (16.7%) 9 (14.1%)

Total test score No movement difficulty (>67) 6 (50.0%) 37 (57.8%) .578
At risk (57-67) 2 (16.7%) 15 (23.4%)
Significant movement difficulty (<57) 4 (33.3%) 12 (18.8%)

SDQ n = 11 n = 65
Prosocial scale score Normal (6-10) 8 (72.7%) 57 (87.7%) .127

Borderline (=5) 2 (18.2%) 3 (4.6%)
Abnormal (0-4) 1 (9.1%) 5 (7.7%)

Emotional symptoms scale score Normal (0-3) 8 (72.7%) 43 (66.2%) 1.000
Borderline (=4) 1 (9.1%) 10 (15.4%)
Abnormal (5-10) 2 (18.2%) 12 (18.5%)

Conduct problems scale score Normal (0-2) 6 (54.5%) 54 (83.1%) .042
Borderline (=3) 2 (18.2%) 7 (10.8%)
Abnormal (4-10) 3 (27.3%) 4 (6.2%)

Hyperactivity scale score Normal (0-5) 9 (81.8%) 54 (81.1%) 1.000
Borderline (=6) 1 (9.1%) 5 (7.7%)
Abnormal (7-10) 1 (9.1%) 6 (9.2%)

Peer problems scale score Normal (0-2) 6 (54.5%) 41 (63.1%) .793
Borderline (=3) 1 (9.1%) 8 (12.3%)
Abnormal (4-10) 4 (36.4%) 16 (24.6%)

Impact scale score Normal (=0) 3 (27.3%) 29 (44.6%) .497
Borderline (=1) 0 (0%) 3 (4.6%)
Abnormal (2-10) 8 (72.7%) 33 (50.8%)

Total test score Normal (0-13) 6 (54.5%) 52 (80.0%) .010
Borderline (14-16) 3 (27.3%) 1 (1.5%)
Abnormal (17-40) 2 (18.2%) 12 (18.5%)

VABS-II n = 9 n = 66
Communication Moderately high (115-129) 0 (0%) 4 (6.1%) .141

Adequate (86-114) 2 (22.2%) 35 (53.0%)
Moderately low (71-85) 4 (44.4) 19 (28.8%)
Mild deficit (50-70) 3 (33.3) 6 (9.1%)
Moderate deficit (35-50) 0 (0%) 2 (3.0%)

Daily living skills High (130-160) 0 (0%) 2 (3.0%) .502
Moderately high (115-129) 0 (0%) 5 (7.6%)
Adequate (86-114) 5 (55.6%) 45 (68.2%)
Moderately low (71-85) 2 (22.2%) 7 (10.6%)
Mild deficit (50-70) 2 (22.2%) 5 (7.6%)
Moderate deficit (35-50) 0 (0%) 2 (3.0%)

Socialization High (130-160) 0 (0%) 1 (1.5%) .147
Moderately high (115-129) 0 (0%) 12 (18.2%)
Adequate (86-114) 4 (44.4%) 40 (60.6%)
Moderately low (71-85) 4 (44.4%) 8 (12.1%)
Mild deficit (50-70) 1 (11.1%) 3 (4.5%)
Moderate deficit (35-50) 0 (0%) 1 (1.5%)
Severe deficit (20-35) 0 (0%) 1 (1.5%)

Adaptive behavior composite High (130-160) 0 (0%) 1 (1.5%) .004
Moderately high (115-129) 0 (0%) 5 (7.6%)
Adequate (86-114) 2 (22.2%) 46 (69.7%)
Moderately low (71-85) 6(66.7%) 6 (9.1%)
Mild deficit (50-70) 1 (11.1%) 6 (9.1%)
Moderate deficit (35-50) 0 (0%) 2 (3.0%)
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