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Abstract
Background—Preterm children are at risk for executive function (EF) problems, which have
been linked to behavior and learning problems in full term children. In this study, we examine the
relationship between EF and functional outcomes in preterm children.

Aims—To evaluate (1) EF skills of 9- to 16-year-old children born across the spectrum of
gestational age (GA), (2) relationship of degree of prematurity to EF skills, and (3) contributions
of EF skills to two functional outcomes--reading scores and parent-rated child function.

Method—Preterm children <36 weeks gestation (n=72) were compared to full term children
(n=42) of similar age, gender and SES, on measures of EF, reading, and parent-ratings of child
function. Multiple regression models evaluated contributions to EF skills and functional outcomes.

Results—Compared to full term controls, preterm children had poorer EF performance on a
complex planning and organization task and did not increase planning time as task difficulty
increased. Their spatial memory capacity was not different. GA contributed to EF skills, but was
mediated by IQ. EF contributed to the variance in reading skills but did not add to the variance in
reading when IQ was considered. EF skills significantly contributed to the variance in parent-rated
child function, but IQ did not.

Conclusion—EF skills contribute to measures of functional outcome in this high-risk
population. The use of EF skills as an early marker for learning and functional problems and as a
target for intervention in children born preterm warrants future study.
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1. Introduction
Executive function (EF) refers to an interrelated set of abilities used to direct goal-oriented
behavior. These abilities include response inhibition, spatial working memory, spatial
capacity, cognitive flexibility, organization, and planning (1–3). EF skills have been linked
in particular to prefrontal cortex, although other specific neural networks and brain regions,
including parietal and temporal cortices, basal ganglia structures, and cerebellum, have been
identified, depending on the specific EF skill measured on neuropsychological testing or on
brain imaging (4–6). Deficits in EF skills have been implicated in some learning,
psychiatric, and developmental disorders, such as attention-deficit/hyperactivity disorder
(ADHD) and autism (7, 8).

Children born prematurely are at risk for executive function problems (9–11). A recent
meta-analysis of very preterm (≤33 weeks' gestation) and or very low birth weight (≤1500g)
children identified poor EF on measures of verbal fluency, working memory, and cognitive
flexibility (9). Calculations of combined effect sizes for EF in the children born preterm
showed decrements of 0.57 standard deviations (SD) for verbal fluency, 0.36 SD for
working memory, and 0.49 SD for cognitive flexibility. Other studies also show deficits in
attention and other EF skills (12–14), such as verbal, visuospatial, and visual working
memory; and organization and planning (15, 16).

Children born prematurely are at risk for other adverse short- and long-term outcomes,
including lower IQ, learning problems requiring special education or other therapeutic
supports (17), poor academic achievement even in children who do not meet eligibility
criteria for special education (18), behavior problems (9), and lower rates of high-school
graduation and participation in post-secondary education (19). In many studies, preterm
children have IQ scores on the order of 0.5 to 1 SD lower than term children matched for
age, gender, and socioeconomic status (SES), even though IQ scores may be within the
average range (20, 21). Meta-analysis of very preterm or very low birth weight children
identified deficits in academic achievement, including math, reading, and spelling; as well as
attention problems and internalizing behavior problems (9, 22, 23).

Studies of preterm children rarely relate EF problems to functional measures of outcome,
even though children born prematurely are at high risk of longstanding functional
impairment in social and academic domains (19). One study that examined parent ratings of
attention, lab measures of attention, and functional outcomes focused on very low birth
weight and extremely low birth weight children (ELBW) compared to full term children
(24). Taylor and colleagues found that poorer performance on objective attention tests was
associated with higher ratings of attention problems, lower ratings of social adjustment, and
lower scores on math and written language tests; in addition, attention tests predicted
achievement skills, indicating that such tests serve as meaningful predictors of outcome
(24). Another study of ELBW children at eight years of age by Taylor and colleagues found
that EF skills mediated the effects of neonatal risk on academic achievement and adaptive
functioning (25).

The pathogenesis of adverse EF and associated outcomes in preterm children may be due in
part to brain injury, and in particular to white matter injury. Preterm children are highly
susceptible to brain injury in periventricular regions due to the sensitivity of the germinal
matrix (26). However, injury in preterm children may also be global, as documented by
imaging studies showing decreased white matter volumes (25). White matter injury may also
be characterized by focal, cystic lesions, diffuse injury, or both (27). Such injury may
damage connections within neural networks or among prefrontal, parietal, and other brain
regions that subserve EF skills.
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Many biological, environmental, and child factors may contribute to the development of EF
skills in children born preterm. Some studies have shown that neonatal complications do not
confer additional risk on outcomes above that attributable to prematurity as indexed by birth
weight or gestational age (28, 29). One study showed that family factors were stronger
predictors of school outcomes than perinatal complications (30), while another study
showed that both brain injury associated with preterm birth and low SES contributed to
outcomes (16). Studies on the influence of gender on EF tasks are mixed (15), although a
recent review suggests girls have better inhibitory control than boys between 3 months and
13 years of age (31). Poor EF skills have been associated with economic disadvantage in
children (32–34). SES is also highly associated with cognitive and neurodevelopmental
outcomes in children born prematurely (35). Age and IQ also affect performance of EF
tasks. Although EF is associated with IQ, EF is considered a separate construct from IQ and
cannot be used interchangeably with IQ. EF performance improves from childhood to
adolescence and from lower to higher IQ (36, 37).

In this study, we had three aims: First, we sought to evaluate EF skills in a sample of 9-to
16-year-old children born across the spectrum of gestational age (24 to < 36 weeks) and
birth weight (< 500 to 2500g). We hypothesized that preterm children would have poorer EF
skills compared to full-term children. Second, we sought to examine factors that might
contribute to the variation in EF skills. We considered the degree of prematurity, age, SES,
and IQ. We hypothesized that prematurity would be a substantial contributor to poor EF
skills. However, we recognized that IQ might partially mediate the effects of prematurity on
EF skills. Finally, and most importantly, we were interested in whether EF skills would
contribute to two functional outcomes relevant to school-aged children--reading scores and
parent-rated child function. We sought to determine whether EF skills would contribute to
these outcomes, after consideration of age, SES, and degree of prematurity. We
hypothesized that EF skills would contribute to both reading and parent-rated child function,
independent of other factors, including IQ.

2. Methods
2.1. Participants

Participants were part of a two-site study conducted in Pittsburgh, PA, and Palo Alto, CA.
The larger study is a neuroimaging study of language, cognitive and executive function
skills. Study subjects, age 9 to 16 years, had a history of preterm (PT) birth (< 36 weeks
gestation) and birth weight (BW) < 2500 g (n = 72). Controls were born full term (FT) (≥ 37
weeks) and had BW ≥ 2400 g (n = 42). Exclusion criteria for all participants included severe
neurological disorders, receptive vocabulary standard score < 70; sensory impairments; and
non-English speaker.

Recruitment of the study population began in 2006 and consisted of a convenience sample
of children born between 1991 to 2001. Preterm subjects were recruited by flyers posted in
early intervention newsletters distributed in Pittsburgh and surrounding areas and by letters
sent to families of children who were evaluated at Infant Follow-up Services at Lucile
Packard Children's Hospital in Palo Alto. Control children were recruited by local ads,
school newsletters, and by word of mouth at both sites. Controls were group-matched to
preterm children for age, gender, and race.

The study was approved by institutional review boards at the University of Pittsburgh and
Stanford University. A parent or legal guardian provided informed consent, and children
provided assent. Participants were compensated for participation.
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2.2. Measures and Variables
2.2.1. Participant characteristics—Gestational age (GA), BW, and medical
complications were gathered from parent report and confirmed with medical records.
Demographic information included race, ethnicity, maternal education, and parent report of
learning problems addressed with special education at school. Maternal education was used
as the measure of SES; it was dichotomized as < 4-year college degree versus college degree
or higher to capture low vs. high SES because this sample had relatively high SES. Due to
the small numbers of individual ethnic/racial groups and the modest sample size, race was
dichotomized as white versus non-white.

2.2.2. Cambridge Neuropsychological Test Automated Battery (CANTAB)—We
used the CANTAB (Cambridge Cognition, Ltd; Cambridge, England), a computerized
battery of EF, that has been used in preterm children(15, 38), children with typical
development, and children with neurodevelopmental disorders such as ADHD and autism.
Advantages of the CANTAB include the use of nonverbal task stimuli and standard testing
and scoring with the ability to capture precise reaction times through a touch screen. The
two subtests used in this study include: (1) Stockings of Cambridge (SOC), a measure of
frontal lobe function, requires the child to rearrange a set of 3 colored balls to match a
specified pattern in the minimum number of moves. The task requires planning and
execution of a sequence of moves to achieve a predetermined goal. Difficulty is manipulated
by increasing the number of moves needed to match the pattern, and problems consist of 2-,
3-, 4- and 5- move problems. Easier problems require minimum planning, and harder
problems require higher levels of planning, the development of sub-goals, and avoidance of
incorrect moves. Completion requires multiple cognitive processes tapping EF skills such as
response inhibition, working memory, spatial planning and organization. Children were
presented 20 total problems, 8 practice and 12 scored. Outcome measures included problems
solved in minimum moves; mean number of moves required to solve each problem; and
initial thinking time, measured from the start of the problem to time of the first move as a
measure of planning ability. (2) Spatial Span, a measure of working memory capacity,
requires the child to observe a pattern of white squares which briefly change color in a
variable sequence. The child must then touch the same boxes which changed color in the
same order as displayed by the computer. The number of boxes increases from 2 to 9.
Outcome measures include span length; total errors, the number of times an incorrect box is
selected; and total usage errors, the number of times a box not in the sequence is selected.

2.2.3. IQ—Full scale IQ was estimated using the four subtest format of the Wechsler
Abbreviated Scale of Intelligence, a widely used, nationally standardized test of general
intellectual ability that measures verbal and nonverbal cognitive ability (39). The four
subtests include vocabulary, similarities, block design, and matrices.

2.2.4. Reading Abilities—The Woodcock-Johnson III Tests of Achievement (WJ-III)
was used for assessment of reading abilities (40). The Broad Reading Cluster is comprised
of two subtests: Letter-Word Identification, a measure of decoding, and Passage
Comprehension, a measure of reading comprehension skills.

2.2.5. Child Behavior Check List for Ages 6–18 (CBCL)—Parents completed the
CBCL, a well-validated behavior rating questionnaire (41). We previously reported on the
behavior outcomes for this sample and described the measure in detail (42). For this study,
we focus on the CBCL competence and adaptive function items, which provide concrete
information about the child's functional strengths at home and school, with peers, and in
recreational activities. The CBCL includes items about specific activities, ratings of the
amount and quality of involvement in activities and relationships, and ratings of
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performance in academic subjects. The items are grouped into scales designated as
Activities (includes sports, recreational activities, jobs and chores, Social (includes group
activities and social relationships), School (includes ratings of performance in academic
subjects, remedial services, grade repetition and other school problems), and Total
Competence. The Total Competence score is the sum of raw scale scores of the Activities,
Social, and School Scales, and served as our measure of parent-rated child function. For
Total Competence scores, higher T scores indicate more favorable functioning. The clinical
range is T < 37 (10th percentile); borderline range is T = 37–40 (10th to 16th percentile); and
normal range is T > 40 (> 16th percentile). This measure is normed for age and gender.

2.3. Statistical Analyses
We used t-tests for univariate analyses of continuous variables and Pearson chi-square for
dichotomous outcomes. Group differences for EF tasks were analyzed with group, preterm
(PT) versus full term (FT), as the between-subjects factor for main EF outcome measures.
Repeated-measures analysis of variance with task difficulty (2-, 3-, 4- and 5- move problems
on the Stockings of Cambridge) as a repeated factor was applied to the data. Group was the
between-subjects factor, and group by task difficulty interactions were analyzed for mean
moves and initial thinking time on the Stockings of Cambridge task. Initial thinking time
was natural log transformed due to nonparametric distribution. Univariate analyses for main
EF outcome measures were repeated with group and gender as fixed factors to evaluate main
effects of gender and group by gender interactions. We reasoned that if there were no effects
of gender, then gender would not be included in the regression models predicting EF skills.

To investigate contributions of prematurity and other factors to EF outcomes, we used a
similar mediation analysis method as Conrad et al. (43) and Baron et al. (44). Mediation
analysis tests whether the effect of a given predictor variable on an outcome measure can be
accounted for by its effect on an intermediate variable (mediator) which in turn affects the
outcome measure. Mediation requires (1) a significant effect of the predictor (i.e., GA) on
the outcome variable (EF), (2) a significant effect of the predictor (i.e., GA) on the mediator
variable (i.e., IQ), (3) a significant effect of the mediator (i.e., IQ) on the outcome (EF)
controlling for the predictor (GA), and (4) a significant decrease in the effect of the predictor
on the outcome when controlling for the mediator.

Due to our interest in IQ as a mediator, we examined the contributions of GA and SES to IQ
using hierarchical multiple regression. GA was entered in the first step, and SES was entered
in the second step.

We then investigated IQ as a mediator between the predictors of age, SES, and GA and
outcome of problems solved in minimum moves (PSMM) for the entire sample using
hierarchical multiple regression. For each model, age and SES were entered in the first step.
GA, a continuous variable used as an indicator of prematurity, was entered in the second
step. IQ was entered in the third step. Analyses were repeated with BW; however, results
using GA are shown given that GA and BW are highly correlated, r = .9, p < .001. The
model allows for determination of contributions of age, SES, and GA to PSMM. By adding
IQ in the third step, any decrease in variance in PSMM due to GA after the addition of IQ
suggests mediation.

A second set of hierarchical multiple regression models examined the contributions of
PSMM to the functional outcomes of Broad Reading and Total Competence as a measure of
parent-rated child function for the entire sample. For each model, SES was entered in the
first step; GA, the second step; PSMM, the third step; and IQ in the final step.
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We examined EF and IQ variables for multicollinearity, or strong correlations between the
two predictors in the regression model. We found no violations of collinearity statistics,
including variance inflation factors and tolerance factors. Significance level was set at p < .
05 for all analyses.

3. Results
3.1. Participant Characteristics

PT and FT participants did not significantly differ on mean age, gender, race (white vs.
nonwhite), or maternal education (less than 4-year college degree versus college degree or
higher) as a measure of SES. (Table 1) There were no differences between sites of testing
for age, gender or race. SES was higher at the Palo Alto site than the Pittsburgh site, X2(1) =
11.2, p = .001. PT children had a mean birth weight of 1226g and mean gestational age of
28.8 weeks. PT children had mean IQ scores in the normal range, but were approximately
one SD lower than controls. PT children also had greater variability in IQ scores, ranging
from below average to the superior range (scores of 67 to 136), compared to the low average
to very superior range (scores of 86 to 142) for FT children. Medical complications in the
PT group were as follows: 13 had abnormal findings on head ultrasounds or MRIs (at least
grade 2 intraventricular hemorrhage, echodensities, or cystic lesions), 9 had mildly abnormal
findings (defined as either grade 1 hemorrhage or choroid plexus cyst); 22 had respiratory
distress syndrome and 7 developed chronic lung disease; and 4 were small for gestational
age (defined as lying at or below the 3rdpercentile in birth weight for gestational age).

Due to computer failure with data loss or inability to capture child responses, 2 PT children
were missing part or all Stockings of Cambridge data and 5 PT children were missing spatial
span data. Five PT and 3 FT children had incomplete data for the competence sections of the
CBCL.

3.2. Reading and Total Competence Scores
PT children had lower broad reading scores than FT children, although the mean scores were
in the average range. The reading and language outcomes for the sample have been reported
previously (45). On parent-rated Total Competence scores from the CBCL, PT children had
significantly lower scores, indicating poorer function, than FT children. (Table 1) PT
children also had significantly lower scores on the School Scale, and there were trends for
significantly lower scores on the Activities and Social Scales, compared to FT children. Chi-
square analyses showed that there were significantly more PT than FT children with scores
in the clinical and borderline clinical range for Total Competence, Social, and School
Scales. Approximately 28% of the PT and none of the FT children were enrolled in special
education.

3.3. EF Tasks
On the Stockings of Cambridge task, PT children completed significantly fewer total
problems in minimum moves than FT children (6.9 ± 2.2 vs. 8.4 ± 1.8), F(1, 111) = 14.2, p
< .001; effect size of 0.73. There was a significant group by task difficulty interaction for
mean moves, F(3, 107) = 4.04, p = .009 by Pillai's trace. (Figure 1) As task difficulty
increased, the average number of moves to complete problems was higher for PT than FT
children (Table 2). There was also a significant group by task difficulty interaction for initial
thinking time, F(3, 90) = 4.4, p = .006 by Pillai's trace. As task difficulty increased, FT
subjects increased the planning time to solve problems, but PT subjects did not. (Figure 2)
There were no significant main effects of gender or group by gender interactions. On the
spatial span task, there were no significant group differences for span length, F(1, 107) =
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2.5, p = .115, effect size of 0.32; total errors, F(1, 110) = 1.0, p = .313; or total usage errors,
F(1, 110) = 2.3, p = .132 (Table 2).

3.4. Contributions to EF skills on the Stockings of Cambridge task
In examining contributions of various factors to EF skills using hierarchical multiple
regression, we first evaluated the contributions of GA and SES to IQ due to our interest in
IQ as a potential mediator. (Table 3) The first model was significant, F(1, 112) = 22.0, p < .
001, showing that GA accounted for 16.4% of the variance. The second model was also
significant, F(2, 111) = 13.5, p < .001, accounting for 19.5% of the variance. SES was a
significant predictor, contributing an additional 3.1% of the variance in IQ, F change1,111 =
4.3, p = .04.

Age, SES, and GA showed significant contributions to EF skills (Table 4). The overall
model predicting problems solved in minimum moves (PSMM) on the Stockings of
Cambridge was significant, F(4, 107) = 13.8, p < .001, and accounted for 33% of the
variance. When IQ was added, the overall model was significant, accounting for 54% of the
variance, F(5, 106) = 25.3, p < .001. In the final model, age and IQ were significant
contributors to the variance, but SES and GA were no longer significant due to mediation by
IQ.

3.5. Contributions to Functional Outcomes: Broad Reading and Total Competence Scores
For Broad Reading and Total Competence scores, SES was not a significant contributor.
(Table 5) In the second step, GA was a significant contributor to both outcomes. In the third
step, addition of PSMM as the measure of EF skills showed significant contributions to both
functional outcomes of reading and Total Competence. EF skills mediated the effects of GA
on both reading and Total Competence. In the final step, after addition of IQ, PSMM was
not a significant contributor to reading. In contrast, PSMM did contribute to Total
Competence, and remained the only significant predictor of Total Competence after addition
of IQ. IQ contributed a nonsignificant 2% of the variance in Total Competence, F
change1, 99 = 2.36, p = .128. Results were repeated for each component subtest of Broad
Reading—Letter-Word Identification and Passage Comprehension; results were similar to
those for Broad Reading.

4. Discussion
4.1. Summary of findings

We found that our first hypothesis was correct for the Stockings of Cambridge task, but not
for the Spatial Span task. Compared to controls, PT children not only had poorer overall
performance on the Stockings of Cambridge, but also showed increasingly poor
performance and a lack of increased planning time as task demands increased. Our second
hypothesis was correct—prematurity was a major contributor to EF skills, along with age
and IQ. IQ significantly mediated the effects of prematurity on EF skills. We found that PT
children had lower reading and Total Competence scores, despite having mean scores in the
average range; a significantly greater number of PT children fell in the clinical and
borderline clinical range for Total Competence, Social, and School Scales. For the third
hypothesis, we found that EF skills contribute to functional outcomes of reading and Total
Competence. EF skills, however, were not an independent contributor to reading when IQ
was added to the model, but EF skills remained the only significant contributor to Total
Competence after addition of IQ.
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4.2 EF
Data from this population of PT children confirm EF problems on the Stockings of
Cambridge, a complex task that requires response inhibition, working memory, spatial
planning, sequencing, and organization. Many studies, including a recent meta-analysis (9),
documenting behavior and EF problems have focused on children born with very low (<
1500 g, VLBW) or extremely low birth weight (< 1000 g, ELBW) or very early gestational
age (≤ 33 weeks). A study of late PT preschool children with medical complications in the
neonatal period found EF problems in the areas of visuospatial, visuomotor, and verbal
fluency skills (46). Our study included children from a wide spectrum of GA and birth
weight.

Using the same computerized EF battery, Luciana and colleagues found that compared to
age-matched controls, 7- to 9-year-old children born prematurely demonstrated longer
planning times on the Stockings of Cambridge and shorter spatial memory span (15). Our
results differed in that PT children did not increase the planning time as task difficulty
increased, which was associated with lower overall performance in terms of total problems
solved. In addition, in our study spatial memory capacity was intact. These differences may
reflect differences in the study populations, which differed in age and GA. The Stockings of
Cambridge, a more complex task which taps multiple EF skills, was a better measure for
capturing EF problems in this relatively high-SES, high-functioning group of PT children.
Group by task difficulty interactions on a complex EF task indicate that PT children may
need additional support and perhaps different cognitive strategies as task demands increase.

4.3. Contributions to EF skills
GA as an index of prematurity contributed to EF skills. Given our modest sample size, we
were unable to assess relative contributions of various neonatal complications and chose to
use GA as our summary measure of prematurity as our sample had a wide range of GA.
Consistent with other literature, age and SES also contributed (32, 36, 47). In the final step
of the regression model, the addition of IQ to the model predicting EF scores eliminated the
significance of GA and SES, indicating that IQ mediates the effects of GA and SES on EF
skills. A combination of factors may contribute to EF outcomes in preterm children. Studies
using structural MRI have found associations between white matter injury and EF skills in
preterm toddlers and preschoolers (48, 49). A recent study of preterm adolescents showed
that severe brain injury on neonatal ultrasound and lower maternal education were the most
consistent factors associated with poor EF outcomes (16). SES is highly associated with
cognitive and neurodevelopmental outcomes in children born prematurely (35), and low
maternal education is an independent risk factor for adverse outcomes (50). The effects of
low SES have been found in all medical risk categories after premature delivery (47). SES is
not usually considered to exert a direct influence on developmental outcomes, but rather to
be a marker for various adverse psychosocial factors, including highly stressful
environments, poor access to health and education services, limited verbal input and poor
parenting skills. Although we found that SES did contribute to EF outcomes, the effect of
SES was mediated by IQ in the final model. It is possible that the influence of SES on EF
skills may not have been captured by a dichotomized measure of maternal education in this
relatively high-SES sample. In addition, the influence of SES may have already been
absorbed by IQ and PT status, as these variables are often correlated. Age, after IQ, made
the largest contribution to EF outcomes in the final model. In our study, age likely reflects
improvements in EF during this dynamic period from childhood to adolescence.

Preterm children often have lower IQ than full term children, although scores are often in
the normal range (20, 21). Although some studies of EF skills control for IQ on finding
differences between groups, there are sound theoretical reasons why IQ should not be used
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as a covariate in cognitive studies of neurodevelopmental disorders (51). In our approach,
we did not use IQ as a covariate in the ANOVAs analyzing the main EF outcome measures
between groups; rather, we chose to investigate the role of IQ as a potential mediator of
other factors that contribute to EF performance. We confirmed that IQ acts as a mediator of
GA and SES on EF skills. In this sample, we previously reported that IQ mediated the
effects of birth weight on attention, but not anxiety scores (42). These findings highlight the
importance of considering the contributions of other neuropsychological factors, including
IQ, to outcomes in PT children.

4.4 EF and Functional Outcomes
4.4.1 Reading outcomes—EF skills contributed significant variance to reading
outcomes, although contributions of EF skills did not remain significant after addition of IQ
to the model. Our results are similar to those of Frye and colleagues who found that better
reading skills were associated with better EF skills (52). However, in their study, EF skills
were also more strongly associated with reading skills than preterm birth status, as PT
children were not significantly different from controls in reading (52). In the current study,
hierarchical regression models showed that in the final model, IQ served as a better
summary measure or predictor than EF skills. In a study of very PT children (< 31 weeks
GA) at nine to ten years of age, Mulder and colleagues found that verbal processing speed,
working memory, and group status were significant predictors of teacher-rated overall
academic achievement, accounting for 57% of the variance in outcome (53); a comparison
model with IQ showed that group status and IQ accounted for 65% of the variance in
outcome. Although group differences in academic achievement were accounted for by
processing speed, they also found that working memory was predictive of academic
achievement independent of verbal processing speed. These results showed some similarities
to ours in that EF skills and PT status were predictive of functional outcome, but they did
not investigate EF skills and IQ in the model simultaneously.

4.4.2 Total Competence Outcomes—EF skills contributed to Total Competence and
remained significant in the model after the addition of IQ. In contrast with reading
outcomes, for Total Competence, EF served as a better measure of outcome than IQ. In a
sample of ELBW children at eight years of age, Taylor and colleagues found that EF skills
mediated the effects of neonatal risk on multiple measures of academic achievement and
adaptive functioning (25). These findings again highlight the importance of considering the
contributions of other neuropsychological factors to functional outcomes in PT children.

PT children often differ from FT children on IQ; however, measures of IQ are not
considered stable until approximately seven or eight years of age. EF skills may be
measured as early as infancy (54, 55) and may therefore be more reliable as an early marker
of function than IQ. The association between better EF skills and Total Competence
suggests that EF skills may serve not only as important early markers of function, but also as
targets for intervention to improve outcomes.

4.5 Limitations
The sample was a relatively small convenience sample that may not be representative of all
PT children, a weakness compared to geographic cohort studies. We are not able to assess
baseline characteristics of nonparticipants as children were born over a decade in multiple
hospitals at both study sites and possibly other areas for families that may have moved to the
study site locations. The sample had a larger proportion of high-SES participants who likely
have more access to resources and better outcomes. The findings of differences in EF
between groups, despite being a higher SES sample, contributes to our understanding of EF
across SES strata, as other studies often have higher proportions of low-SES participants.

Loe et al. Page 9

Early Hum Dev. Author manuscript; available in PMC 2013 May 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The inclusion of PT children with brain injury may contribute to group differences and
heterogeneity within the PT group in terms of EF outcomes. The study was cross-sectional
and had a limited number of EF measures and functional outcomes. Longitudinal work
would allow better understanding of how EF skills might predict later functional outcomes.

4.6 Implications and Future Directions
We found poorer EF and group by task difficulty interactions in PT children compared to FT
children, indicating that PT children may need additional support and perhaps different
cognitive strategies as task demands increase. IQ was an important predictor of reading
outcomes. EF skills were associated with parent-rated child function. Longitudinal work is
needed to determine if EF skills can serve as important early markers of function and
possible targets for interventions. PT children are at risk for neural injury, including diffuse
white matter injury that may be involved in functional connectivity between brain regions
that subserve EF skills (56, 57). The results of our study also highlight the need for
additional research to understand the neurobiological basis of EF and associated problems in
PT children. We are currently using diffusion tensor imaging to evaluate the contributions of
white matter injury to behavior and EF problems (58).
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Figure 1.
Mean Moves for 2-, 3-, 4- and 5- move problems on the Stockings of Cambridge.
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Figure 2.
Initial Thinking Time for 2-, 3-, 4-, and 5- move problems on the Stockings of Cambridge.
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Table 2

Stockings of Cambridge and Spatial Span

Preterm n = 70 Full Term n = 42

Stockings of Cambridge Mean (SD) Mean (SD)

Problems Solved in Minimum Moves* 6.9 (2.2) 8.4 (1.8)

Mean Moves
+

 2-Move problems 2.1 (.27) 2.0 (.00)

 3-Move problems 3.4 (.59) 3.2 (.37)

 4-Move problems 6.0 (1.1) 5.5 (1.0)

 5-Move Problems 7.7 (1.8) 6.7 (1.2)

Initial Thinking Time
+

 (sec)

 2-Move problems 2.0 (2.1) 1.7 (1.3)

 3-Move problems 5.3 (5.7) 4.4 (3.3)

 4-Move problems 5.0 (4.0) 7.5 (6.2)

 5-Move Problems 6.0 (6.4) 9.6 (9.7)

Spatial Span n = 67 n = 42

Span Length 6.34 (1.4) 6.81 (1.6)

Total Errors 14.4 (6.5) 13.2 (5.6)

Total Usage Errors 2.1 (1.6) 1.6 (1.7)

*
p < .001, Significance set at p < .05

+
indicates significant group by task difficulty interaction for mean moves, p = .009, and initial thinking time, p = .006. See Figures 1 and 2
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