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Abstract

Objective—To investigate the role of executive function (EF) skills, measured by parent-rating 

and performance-based instruments, as mediators of the effects of gestational age on functional 

outcomes and behavior symptoms in preterm and full term preschoolers.

Patients and methods—Children born preterm (n=70; mean gestational age 29.6 weeks and 

mean birth weight 1365g) were compared to children born full term (n=79) on composite 

measures of EF (using the Behavior Rating Inventory of Executive Function and a performance-

based EF battery), adaptive function, prereading skills, and behavior symptoms. For the entire 

sample, mediation analyses examined the effect of gestational age on outcomes with EF as 

mediator.

Results—Compared to children born full term, children born preterm had significantly higher 

parent-rated EF scores and lower performance-based EF scores, both indicating more problems; 

further, children born preterm had lower adaptive function and prereading scores and more 

problematic behavior. Gestational age contributed to adaptive function, prereading skills, and 

behavior symptoms for all children. EF acted as a mediator of gestational age for all three 

outcomes; different patterns emerged for parent-rated and performance-based EF evaluations. For 

adaptive function, both EF measures significantly mediated effects of gestational age; for 

prereading skills, only performance-based EF was significant; for behavior symptoms, only 

parent-rated EF was significant.

Conclusions—We propose standard assessment of EF, using both parent-rating and 

performance-based EF measures, in young preterm children and other children at risk of EF 

impairments. EF skills are measurable, mediate important functional outcomes, and may serve as 

intervention targets.
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Preterm birth is associated with adverse outcomes, including impairments in multiple 

functional domains and increases in the number of behavior problems. Executive function 

(EF) skills -- interrelated cognitive processes used to direct goal-oriented behavior -- may 

contribute to functional abilities. The overall goal of this study is to determine if weakness 

in EF skills may help explain adverse outcomes in children born prematurely.

The study of EF in typically developing children has focused on the developmental 

trajectory of EF skills such as inhibitory control (i.e., resisting an automatic response in 

order to do what is requested or needed), working memory (i.e., holding information on-line 

despite competing information or while manipulating other information), cognitive 

flexibility (i.e., adjusting to changed demands; switching between rules or tasks), and 

organization, sequencing, and planning.1, 2 Studies of typically developing children also 

focus on EF skills as correlates or predictors of academic outcomes or behavior problems, 

including inattentiveness, hyperactivity, and impulsivity.3–5 We focused on children born 

preterm as a population at high-risk for EF impairments. There are two reasons that children 

born preterm may be a useful model with the potential to elucidate the neurobiological basis 

of EF impairments: 1) preterm children are at risk for brain injury in multiple structures, 

including white matter pathways,6, 7 and 2) EF skills have been linked to brain structures 

and neural networks in several neuropsychological and neuroimaging studies of typical and 

atypical development.1, 8–10

Studies of children born preterm have documented impairments in EF,11, 12 as well as 

impaired adaptive function and learning and behavior problems.13–15 While the independent 

associations between preterm birth and adverse outcomes are well-established, less is known 

about the relations between functional outcomes and EF impairments in children born 

preterm. The biological factors associated with preterm birth affect long-term outcomes, but 

likely act in concert with environmental factors to influence EF abilities. We were interested 

in whether measures of EF serve as an intervening or mediating variable between the effects 

of gestational age and functional outcomes.

We focused on three functional outcomes that are associated with EF skills in typical and 

clinical populations. The first outcome is adaptive function. In typical populations and in 

clinical populations (such as children with autism spectrum disorders16 and adolescents with 

externalizing behaviors17), EF skills have been shown to correlate with overall adaptive 

function across the lifespan.18 In children born preterm, much less is known about the 

relationships between EF skills and adaptive outcomes. Two studies that have examined the 

links between EF skills and overall adaptive function have evaluated school-aged preterm 

children,15, 19 but the association has not been adequately evaluated in preschool-aged 

children born preterm.

The second outcome is early literacy or prereading skills. Associations between EF skills 

and academic achievement have been well studied in typically developing children; these 

studies provide support for the belief that EF skills are critically important for school 

success. Cross-sectional studies of school-aged children show links between EF and math,20 

language skills,21 and science.22 Longitudinal studies starting in preschool also find links 

between EF and later academic achievement.1, 3, 4, 20, 23 Complex memory performance at 
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age 5 predicts performance on measures of language, mathematics and literacy at age 8.24 

The studies of preterm children linking EF skills and academic achievement,25 including 

reading,19, 26–28 math,28, 29 and spelling,26 have focused on school-aged children.

The third outcome is behavior problems or symptoms. In typical and clinical populations, 

EF skills have been shown to correlate with behavior problems or symptoms.30, 31 Increased 

inattention and internalizing behaviors have been well-documented in preterm children,11, 14 

although only a few studies have used mediation models to investigate whether cognitive 

abilities, including EF, act as mediators to influence behavior outcomes.32–34 In a 

longitudinal study, Nadeau and colleagues found that general intellectual ability measured at 

age 5 years 9 months mediated the effects of gestational age on both hyperactivity and 

inattention at age 7 years; further analysis revealed that a specific working memory factor 

mediated inattention.34 To date, the question of whether EF skills mediate behavior 

symptoms has not been examined in preschoolers born preterm.

Our principal study aim was to assess whether EF mediated the relationships between 

gestational age and three functional outcomes in preschool children: adaptive function, 

prereading skills, and behavior symptoms. We used a group of children born preterm as a 

biologic model with increased risk for EF impairments and previously described differences 

in parent-rated EF versus performance on laboratory tests to assess EF (hereafter referred to 

as performance-based EF).35 Previously, we have shown that parent-rated and performance-

based EF identified overlapping and distinct groups of children with EF impairments, 

suggesting that the two types of EF measures tap overlapping and unique aspects of the EF 

construct.35 Therefore we were interested in examining both types of measures in relation to 

functional outcomes. We hypothesized that (1) compared to children born at term, children 

born preterm have poorer adaptive function and prereading skills and more behavior 

symptoms; (2) after accounting for any influence of socioeconomic status, gestational age 

directly contributes to functional outcomes and to both parent-rated and performance-based 

EF; and (3) both parent-rated and performance-based EF act as mediators of the effect of 

gestational age on all three functional outcomes.

METHODS

Participants

Participants were 3 to 5 year old children recruited from Palo Alto, CA, and surrounding 

counties. Study subjects had a history of preterm birth (PT) (≤ 34 weeks gestation) and BW 

< 2500 g (n = 70). A comparison group was comprised of children born full term (FT) (≥ 37 

weeks) and had no major medical complications (n = 79). Exclusion criteria for all 

participants included sensory impairments (i.e., blind or deaf), identified genetic syndrome 

or congenital heart disease, and inability to comprehend task instructions. Comprehension 

was not formally assessed with language or intelligence tests prior to enrollment; however, 

ability to participate was estimated during an IRB-approved phone screening. Parents were 

asked questions to assess parent perception of the child’s overall development (i.e., “How is 

your child doing compared to other children his or her age? Has your child had a recent 

developmental or IQ test?”) Medical complications at birth in the preterm group included: 

11 had abnormal findings on head ultrasound or MRI (at least grade 2 intraventricular 
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hemorrhage or IVH, echodensities, or cystic lesions) and 10 had mildly abnormal findings 

(grade 1 IVH or choroid plexus cyst); 40 had respiratory distress syndrome (RDS) and 7 

developed chronic lung disease; 5 had necrotizing enterocolitis; and 8 were small for 

gestational age (SGA, defined as lying at or below the 3rd percentile in birth weight for GA). 

RDS was associated with GA. Given the relatively small number of PT children with other 

medical complications, in our analyses we use GA as a summary indicator of neonatal 

complications.

The study population consisted of a convenience sample of children born from 2004 to 

2009. PT subjects were recruited by letters sent to families of children who were evaluated 

at High Risk Infant Follow-up Services at Lucile Packard Children’s Hospital at Stanford in 

Palo Alto, CA, and by postings on local parent message boards. Comparison group children 

born full term were recruited by postings on parent message boards, by flyers in general 

pediatric clinics, and by word of mouth. Children born full term were group-matched to 

children born preterm for age, gender, ethnicity, and race. Maternal education (3 categories: 

< 4-year college degree, 4-year college degree, MA or higher) was used as the measure of 

socioeconomic status (SES).

The study was approved by the Stanford University Institutional Review Board. A parent or 

legal guardian provided informed consent. Participants were compensated for participation.

Measures and Variables

Participant characteristics—GA, birth weight, and medical complications were 

gathered from parent report and medical records. Demographic information included race, 

ethnicity, maternal and paternal education, household composition, and parent report of 

services.

IQ—Full scale IQ was estimated using the two-subtest format of the Stanford-Binet 

Intelligence Scales, 5th edition,36 an assessment of intelligence and cognitive abilities in 

individuals age 2–85+ years. Vocabulary and object-series/matrices subtests are combined to 

provide the Abbreviated Battery IQ (ABIQ).

Behavior Rating Inventory of Executive Function-Preschool version—(BRIEF-

P), a standardized parent-rating scale of behavioral manifestations of EF in children 2.0–

5.11 years.37 Sixty-three items measure aspects of EF: Inhibit, Shift, Emotional Control, 

Working Memory, and Plan/Organize. Three broad indices (Inhibitory Self-Control, 

Flexibility, Emergent Metacognition) and a composite score (Global Executive Composite, 

GEC) are also reported. Items are rated on a 3-point scale of “never,” “sometimes,” or 

“often.” Scores are reported as t-scores (mean of 50, SD of 10) in which higher scores 

indicate greater executive dysfunction. Scores at or above 65 are considered clinically 

significant. The measure is normed for gender and age by two groupings: 2:0 to 3:11 and 4:0 

to 5:11. Content validity is based on factor analysis of clinical and normative samples, 

convergence/discriminance with preschool rating scale measures, and on the ability to detect 

EF deficits in children with risk factors or disorder.38 Examples of items from the BRIEF-P 

that tap specific EF constructs are as follows: inhibit—”acts too wild or out of control”; 

working memory—”cannot stay on the same topic when talking” and “has trouble 
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remembering something, even after a brief period of time”; plan/organize—”has trouble 

thinking of a different way to solve a problem or complete an activity when stuck” and 

“when instructed to clean up, puts things away in a disorganized, random way.” We used the 

GEC as a summary measure of parent-rated EF skills.

Performance EF Battery—Tasks were selected to represent core EF constructs based on 

the developmental literature in typical and PT preschoolers.11, 12, 39–41 Tasks included: (1) 

3- and 6- Boxes Task measures self-ordered working memory and planning.42 Three, and 

then six, stationary boxes with different color lids are baited with a treat in view of the child. 

The child’s task is to find all treats in the least number of reaches by keeping track of the 

boxes that have already been searched. (2) Verbal Fluency measures idea generation with 

language and organizational components (i.e., the use of subcategories as a strategy results 

in increased productivity).43 The task requires the child to generate as many words as 

possible within specific categories (i.e., animals, foods) in one minute. (3) Day/Night 

measures complex response inhibition, defined as response inhibition coupled with working 

memory.44 The child must hold a rule in mind and respond while inhibiting a prepotent 

response, suppressing competing visual information when responding. The child should 

respond “night” when shown a picture of the sun and “day” when shown a picture of moon 

and stars.45 (4) Bird/Dragon also measures complex response inhibition, defined as response 

inhibition and working memory.46 A modified “Simon Says” task, the child should follow 

verbal instructions of one puppet (bird), but not the other puppet (dragon). (5) Dimensional 

Change Card Sort, measures cognitive flexibility/task switching and attention shifting.47 The 

child is shown cards depicting colored shapes that can be sorted according to color or shape. 

The child must sort according to one dimension and then shift to sort according to the other 

dimension.

We previously have reported gestational age-based group differences on each of the tasks in 

the EF battery and have described the measures in greater detail, demonstrating that 

performance-based EF is significantly correlated with BRIEF-P indexes.35 We converted 

continuous outcome measures from the performance-based EF tasks to z-scores derived 

from performance (mean, SD) of full term subjects in the three age groups of 3, 4, and 5 

years.35 Factor analytic studies of EF in younger children suggest that EF skills are less 

differentiated at younger ages.48 Therefore, in our analyses, we used an average z-score for 

the 5 EF tasks as a summary indicator of performance-based EF.35

Vineland Adaptive Behavior Scales, Second Edition (Vineland II), Parent/
Caregiver Rating Form.49—This well-known measure of adaptive skills from birth to 

adulthood generates standard scores (mean=100, SD=15), percentiles, and age equivalents in 

the following domains: Communication, Daily Living Skills, Socialization, and Motor 

Skills. A composite score, the Adaptive Behavior Composite, is also generated. We used the 

Adaptive Behavior Composite as a summary measure of children’s overall adaptive 

function.

Test of Preschool Early Literacy (TOPEL).50—The TOPEL measures abilities related 

to early literacy and is designed to identify children at risk of having or developing problems 

in literacy. It is comprised of three subtests, Print Knowledge, Definitional Vocabulary, and 
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Phonological Awareness. We selected the Phonological Awareness subtest in order to 

measure a child’s ability to detect and manipulate the sounds in spoken language 

independent of meaning. The Phonological Awareness subtest includes 12 elision items (e.g. 

“Say playground without ground”) and 15 blending items (e.g., “What word do these sounds 

make: f –ox?”). Practice items with feedback ensure comprehension of the tasks. Children 

are first presented with tasks that require manipulation of compound words before moving 

on to more difficult items involving elision or blending of individual phonemes.

Child Behavior Checklist—Parents completed the Child Behavior Checklist for Ages 

1.5–5 (CBCL/1.5–5),51 a well-validated, broadband behavior rating questionnaire that 

includes 99 items rated on a 3-point Likert scale (0 = not true, 1 = somewhat or sometimes 

true, 2 = very true or often true). The items describe specific kinds of behavioral, emotional, 

and social problems that characterize preschool children. Items are grouped into syndrome 

scales designated as Emotionally Reactive; Anxious/ Depressed; Somatic Complaints; 

Withdrawn; Attention Problems; Aggressive Behavior, and Sleep Problems. Syndrome 

scales are combined to generate two broadband scales: Internalizing (consists of 

Emotionally Reactive, Anxious/Depressed, Somatic Complaints, and Withdrawn) and 

Externalizing (consists of Attention Problems and Aggressive Behavior). A Total Problems 

score is generated from the sum of scores for all 99 items. Scores are reported as t-scores 

(mean=50, SD=10) in which higher scores indicate more problems. T-scores are normed for 

gender and age. For Total, Internalizing, and Externalizing, scores above 63 (> 90th 

percentile) are considered in the clinical range. Scores of 60–63 are considered in the 

borderline clinical range. We focused on the Total Problems t-score as a summary measure 

to capture a wide range of behavior symptoms.

Analyses

To compare demographic variables, IQ, composite EF scores (i.e., EF battery z-score, 

BRIEF-P GEC), and functional outcome scores between FT and PT groups, we used t-tests 

for continuous variables and Pearson chi-square for dichotomous outcomes. We used chi-

square to assess group differences in proportions of participants with scores in the borderline 

and clinical ranges compared to nonclinical ranges or the below-average compared to 

average/above-average range. We used Spearman correlation to assess the relationships 

between the BRIEF-P GEC and EF battery z-score as well as between BRIEF-P subscales 

and the five individual EF tasks.

To investigate the contribution of GA to functional outcomes and the potential role of 

parent-rated and performance-based EF skills as mediators, we chose the mediation analysis 

method of Hayes and Preacher.52 Mediation analysis tests whether the effects of a given 

predictor variable on an outcome can be accounted for by its effect on an intermediate 

variable, or mediator, which in turn affects the outcome. Many past mediation studies have 

used a causal steps approach, for example Baron and Kenny,53 which relies on tests of 

significance of individual paths in a mediation model and inferring the existence of an 

indirect effect rather than quantifying it.54 SPSS Process macros, version 2.11, by Hayes and 

Preacher52 allows for quantification of indirect effects in multiple mediator models using 

bootstrapping. The method is advantageous in that it respects any irregularity of the 
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sampling distribution of the indirect effect rather than assuming that it is normal. We used a 

bootstrapping method with 10,000 re-samples to examine mediation effects since the 

technique makes no distributional assumptions. An indirect effect can be interpreted as 

significant with 95% confidence if zero is outside of the confidence interval. The method 

assesses the (1) total effects model (c in Figure 1a), a model of the outcome variable when 

estimated from the predictors and covariates without the mediator(s), (2) the direct effect (c’ 

in Figure 1b), or the effect of the predictors and covariates on the outcome while including 

the mediator(s), and (3) the indirect effect through the mediator (paths a and b in Figure 1b). 

When evaluating mediators simultaneously, the method also estimates the effect and 

confidence interval for the difference between the indirect effects resulting from these 

mediators, allowing for the comparison of each mediator’s relative importance in explaining 

the relationship between the predictor and outcome. Another advantage is that for models 

with a single mediator and no covariates, the method generates a value called kappa-squared 

(κ2) which expresses the indirect effect as a ratio to the maximum possible indirect effect 

that could have been found given the study design. Because kappa-squared is a proportion 

between 0 and 1, it can be interpreted and equated to the values used for R2: a small effect 

is .01, a medium effect is approximately .09, and a large effect is .25.55, 56

In the mediation models, we used GA as the main predictor variable and maternal education 

as a covariate. To assess EF skills as mediators, we used the BRIEF-P GEC as a measure of 

parent-rated EF and the EF battery z-score as a measure of performance-based EF. The 

functional outcomes of interest were overall adaptive function, as measured by the Vineland 

Adaptive Behavior Composite score, prereading skills, as measured by the TOPEL 

Phonologic Awareness subtest standard score, and behavior symptoms, as measured by the 

CBCL Total Behavior Problems t-score. The BRIEF-P, Vineland, and CBCL are normed for 

age and sex, therefore age and sex variables were not included in the models. If maternal 

education was not significant in the models, we would re-estimate the models without any 

covariates in order to generate the kappa-squared value.

Missing data—For the BRIEF-P, data were incomplete for 4 PT participants. Data were 

missing from the EF battery as follows: 1 PT child for the bird/dragon task (would not play); 

1 PT and 1 FT child for the day/night task (technical failure); 14 PT and 6 FT for the verbal 

fluency task (change in testing protocol). There were no significant differences in 

demographic variables for PT and FT groups completing the verbal fluency task compared 

to the larger study sample. For the Vineland, data were incomplete for 9 PT and 5 FT 

participants. The testing protocol was shortened for younger participants in order to 

minimize fatigue, such that most 3-year old participants did not complete the TOPEL. 

Seventy-five children completed the TOPEL; 42 FT and 32 PT did not. The demographics 

of the smaller sample completing the TOPEL showed no differences in participant 

characteristics and demographic variables compared to the patterns in the larger sample, 

except for a mean age of 4.8 years in both groups. CBCL data were incomplete for 1 PT 

participant. For analyses with missing data, degrees of freedom were adjusted accordingly. 

Significance level was set at p < .05.
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RESULTS

Participant Characteristics

There were no differences between PT and FT groups in terms of age, race, ethnicity, or 

gender. (Table 1) By design, PT and FT groups differed in GA and birth weight. Compared 

to the PT group, a larger proportion of the FT group was in the highest SES group. Although 

fewer data were available, paternal education showed the same pattern of results. Mean IQ 

scores were in the average range, but significantly lower in the PT compared to FT group. 

Forty-one (60%) PT children received early intervention compared to no FT children. There 

were no differences between PT and FT groups in the number of children attending daycare, 

preschool, or kindergarten.

Group Differences

Compared to FT children, PT children had significantly higher GEC scores and lower 

average EF battery z-scores, indicating more EF problems. PT children had significantly 

lower mean scores for the Vineland Adaptive Behavior Composite and Phonologic 

Awareness subtest, indicating poorer function, than did FT children. The mean scores for all 

CBCL broadband scales were significantly higher for the PT group, compared to the FT 

group, indicating more behavior symptoms. Compared to FT children, there were 

significantly greater proportions of PT children with scores in the borderline and clinical 

range or below-average ranges for all measures except the TOPEL. (Table 2)

Correlations Among EF Measures

We used Spearman correlations to evaluate the association between the GEC score and EF 

battery z-score. The variables showed small but significant correlation with r = ‒.176, p = .

034. Moderate to high correlations were found in the expected direction among the BRIEF-P 

subscales, r ranging from .38 to .83, all p < .001. (Table 3) Modest to moderate correlations 

were found in the expected directions among most of the performance-based EF measures, 

as previously reported, with r ranging from .17 to .505 (p < .05 to p < .001).35 Performance 

on the 6-Boxes task correlated with Inhibition, Shift, and Plan/Organize subscales on the 

BRIEF-P, r ranging from .17 to .24, p < .05 (Table 3). Performance on the Verbal Fluency 

task correlated only with the Plan/Organize subscale, r = −.25, p < .001; Bird-Dragon task 

with Working Memory and Plan/Organize subscales, r = −.22, p < .001, and r = −.17, p < .

05, respectively; and Card Sort task with the Working Memory subscale, r = −.17, p < .05. 

The Day/Night task did not correlate with any BRIEF-P subscales.

Mediation Analyses

We first ran the total, indirect, and direct effects models, with maternal education as a 

covariate, for all three functional outcomes using the entire sample. Maternal education was 

not significant in any of the models for each of the functional outcomes, so the models were 

re-estimated without maternal education, and subsequent results are reported without the 

covariate.

For adaptive function, we first examined the “total effects” model--the contributions of GA 

to Adaptive Behavior Composite score, with no mediator in the model. The total effects 
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model was significant, accounting for 26.4% of the variance in outcome, F(1, 131)= 47, p 

< .001; GA was significant. (Figure 2, bottom) The models predicting to the mediators of 

parent-rated EF and performance-based EF were also significant. GA predicted 21% of the 

variance in parent-rated EF, F(1, 131) = 33.9, p < .001, and 17% of the variance in 

performance-based EF, F(1, 131) = 27.7, p < .001. The overall model, which included both 

EF measures simultaneously as potential mediators, was significant, accounting for 39% of 

the variance in Adaptive Behavior Composite score, F(3, 129) = 27.3, p < .001. The “direct 

effects” model was significant (c’ in Figure 2). The “indirect effects” model was significant 

for gestational age on adaptive function through parent-rated EF, b = .366, CI [.14, .67], and 

through performance-based EF, b = .284, CI [.10, .51]. Since both mediators were 

significant, we conducted a comparison of indirect effects; the contrast between parent-rated 

EF and performance-based EF was not significant, b = .082, CI [−.24, .44], indicating no 

difference between the mediators in their contributions to the indirect effect.

For prereading skills, the total effects model evaluating the contributions of GA to 

Phonological Awareness score with no mediator in the model was significant, accounting for 

9.8% of the variance in outcome, F(1, 70)= 7.59, p = .0075 (Figure 3, bottom). The models 

predicting to the mediators of parent-rated EF and performance-based EF were also 

significant, with GA predicting 21% of the variance in parent-rated EF, F(1, 70) = 19, p < .

0001, and 19% of the variance in performance-based EF, F(1, 70) = 16.4, p = .0001. The 

overall model, which included both EF measures simultaneously as potential mediators, was 

significant, accounting for 25% of the variance in Phonological Awareness score, F(3, 68) = 

7.7, p = .0002. The direct effect model was not significant (c’ in Figure 3). The indirect 

effect model of gestational age on prereading function was significant for performance-

based EF, b = .548, CI [.24, .95], but not for parent-rated EF, b = .195, CI [−.13, .55]. Re-

estimating the models with only performance-based EF as the mediator resulted in kappa-

squared of .174, CI [.07, .3], or 17.4% of the maximum value, indicating a medium effect.

For behavior symptoms, the total effects model evaluating the contributions of GA to Total 

Problems score with no mediator in the model was significant, accounting for 19% of the 

variance in outcome, F(1, 142)= 34, p < .0001 (Figure 4, bottom). The models predicting to 

the mediators of parent-rated EF and performance-based EF were also significant, with GA 

predicting 21% of the variance in parent-rated EF, F(1, 142) = 37, p < .0001, and 17% of the 

variance in performance-based EF, F(1, 142) = 29, p < .0001. The overall model, which 

included both EF measures simultaneously as potential mediators, was significant, 

accounting for 57% of the variance in Total Problems score, F(3, 140) = 61, p < .0001. The 

direct effect model was significant (c’ in Figure 4). The indirect effect model of gestational 

age on Total Problems score was significant for parent-rated EF, b = −.59, CI [−.87, −.37], 

but not for performance-based EF, b = .07, CI [−.03, .19]. Re-estimating the models with 

only parent-rated EF as the mediator resulted in kappa-squared of .329, CI [.23, .44], or 

32.9% of the maximum value, indicating a large effect.

DISCUSSION

We confirmed our first hypothesis -- PT preschoolers had lower adaptive function and 

prereading skills and more behavior symptoms than did FT preschoolers. For the entire 
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sample, we also confirmed our second hypothesis -- after accounting for socioeconomic 

status using maternal education, GA contributed to all three functional outcomes. In 

addition, GA contributed to both parent-rated and performance-based EF. Finally, our third 

hypothesis was confirmed -- mediation analyses revealed that EF was a significant mediator 

of the effects of GA on all three outcomes, although different patterns emerged for parent-

rated and performance-based EF. For adaptive function, both parent-reported and 

performance-based EF measures significantly mediated effects of GA; for prereading skills, 

only performance-based EF was significant; and, for behavior symptoms, only parent-rated 

EF was significant.

Our study went beyond the typical outcome studies that focus on independent associations 

of adverse outcomes and preterm birth because we used an updated mediation model that 

has several advantages over past mediation methods. Only a few studies using mediation 

have been conducted in the preterm population, and focused, at most, on two outcomes.15, 19 

We included three functional outcomes in the same study, allowing for a comprehensive 

examination of the role of both parent-rated EF and performance-based EF as mediators of 

outcome. Given the associations of EF with functional outcomes and behavior symptoms, 

evaluation of EF at young ages offers the opportunity to identify children at increased risk 

for later impaired function and possibly to intervene to improve outcomes.

Our finding of EF as a significant mediator of adaptive function is consistent with two 

studies of school-age preterm children that found that performance-based EF mediated 

adaptive skills measured by the Vineland15 or the CBCL Total Competence score, a 

composite measure of quantity and quality of child participation in home, school, and social 

activities.19 However, those studies did not include parent-rated EF in the models. Our 

findings are also consistent with other studies of clinical populations, including children 

with autism spectrum disorder (ASD) and externalizing behaviors, although these studies 

did not use mediation. One study of children with ASD found that parent-rated EF on the 

BRIEF was negatively correlated with most domains of adaptive function on the Vineland; 

this study did not include performance-based EF.16 Another study of children with high-

functioning ASD and children with attention-deficit/hyperactivity disorder (ADHD) also 

found negative correlations between performance-based EF and subdomains of adaptive 

function on the Vineland.57 A study of adolescents with externalizing behaviors, including 

ADHD, oppositional-defiant disorder, and conduct disorder, found that performance-based 

EF skills predicted variance in overall adaptive function as measured by the Vineland, but 

did not gather parent-rated EF measures.17 In our study, whether measured by parent report 

or direct assessment, EF functioned as a significant mediator of adaptive function.

Our finding that performance-based EF mediated effects of gestational age on prereading 

skills is consistent with other mediation studies in typical children as well as school age or 

adolescent preterm children. Longitudinal studies of typical children showed that EF skills at 

preschool age were related to math and literacy abilities in kindergarten3, 4 and predicted 

math and reading achievement at age 7.20 Complex memory performance at age 5 predicted 

performance on measures of language, mathematics and literacy at age 8.24 Using structural 

equation modeling, Rose and colleagues found that the negative effects of prematurity on 

math and reading achievement in preterm 11-year olds was mediated by slower processing 
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speed and performance-based EF.28 Two studies that focused on both adaptive function and 

academic outcomes found that performance-based EF mediated the effects of neonatal risk 

on academic achievement15 and the effects of GA on reading.19 Other studies of preterm 

children confirm links between performance-based EF and academic domains, such as 

math29 and reading,26, 27 but did not use mediation. A study of 9–10 year old children born 

very preterm found that processing speed, working memory, and birth group status were 

significant predictors of overall academic achievement as rated by teacher questionnaire.25

Our finding of parent-rated EF as a significant mediator of behavior symptoms or problems 

is consistent with Nadeau and colleagues, who found that sequential memory, an EF skill, 

mediated the effects of GA on inattention at 9–10 years of age.34 Other mediation studies 

examined only intellectual ability and not EF.32, 33 There are topically related studies of 

children born preterm that have examined the contributions of cognitive skills, including EF 

skills and general intellectual ability, to behavior problems or disorders including 

ADHD;58–60 however, these studies used regression model analytic approaches.

Our results showed different patterns for parent-rated and performance-based EF mediation 

of the effect of gestational age on functional outcomes and behavior symptoms. We 

previously reported on the associations between parent-rated and performance-based EF in 

this sample, and similar to other studies of typical and clinical populations, we found 

statistically significant correlations between some, but not all, EF constructs.35 In some 

studies, EF measurements correlate, but are not aligned (i.e., a parent rating for one EF 

construct correlates with a different EF construct).1, 61, 62 In other studies, correlations 

among measures are not significant63 or are only modest in magnitude.61 Explanations for 

the discrepancy between parent-rated EF and performance-based EF highlight differences in 

ecological validity between the two approaches. Parent ratings provide a global view of 

children’s behavior in everyday environments, and therefore may represent an ecologically 

valid assessment of EF skills in the context of naturalistic settings. However, parents also 

have emotional involvement with the children and their ratings may represent global 

impressions beyond the specific EF measure under consideration, explaining the relatively 

high intercorrelations. Performance-based measures attempt to isolate EF constructs and get 

a “pure” measurement in a distraction-free, one-on-one setting. The scores on these tasks are 

modestly to moderately correlated, indicating that the tasks may not be assessments of a 

pure ability or that the abilities themselves are overlapping. Though the performance-based 

measures are collected in the laboratory, ecological validity refers not only to how well an 

assessment captures behavior in a natural environment, but also to how well the assessment 

predicts individuals’ functional outcomes.64 Our findings, that both parent-rated and 

performance-based EF acted as mediators of relevant functional outcomes, suggest that both 

types of measures are ecologically valid, despite the modest or limited correlations among 

individual EF constructs measured by parent ratings or direct observation.

The study had limitations. The mean SES of the sample was high, consistent with the 

geographic area, and the results may not be representative of PT and FT populations with 

lower SES. Nonetheless, even with the resources and access to services accompanying 

higher SES, the PT children in our study demonstrated impairments in EF; lower IQ, 

adaptive and prereading skills; and more behavior symptoms compared to FT children. We 
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did not conduct diagnostic interview to confirm behavior disorders. We recognize that EF 

measures may correlate with other factors; future research might address such factors 

including child brain function as elucidated by imaging techniques, parenting style, or parent 

knowledge of child development. We focused on EF skill as a potential mediator, as 

opposed to other domains of function or IQ, because we believe that EF is a potential target 

for intervention. Given the significant correlations between IQ and EF measures, we suspect 

that IQ might also serve as a mediator. However, IQ is a broad construct that is unlikely to 

serve as an intervention target. We had cross-sectional data, not longitudinal data, hence the 

mediation demonstrated is statistical. Future longitudinal work may clarify the relationships 

among EF skills and functional outcomes over time. The use of parent ratings for both 

behavior symptoms and EF raises concern for rater bias contributing to a significant 

mediation relationship. However, we had direct measurement of some variables, such as 

performance-based EF and TOPEL Phonological Awareness (for half of the sample); this 

lessens the likelihood that the observed relationships are based on shared response bias 

alone. Future work will include ratings from a second, non-parent informant, such as teacher 

or daycare provider reports, to decrease rater bias and will augment the direct observation or 

standardized assessment of additional functional outcomes.

CONCLUSION

Executive function mediated the effect of GA on adaptive function, prereading skills, and 

behavior symptoms. Parent-rated and performance-based EF behaved differently in each of 

the models, and both measures of EF served as unique mediators for adaptive function, 

raising important questions about the assessment of EF. The findings suggest that measures 

of EF, whether gathered by parent-report or directly, are tapping into related, but not 

completely overlapping constructs.35 We previously proposed standard assessment of EF in 

young children born preterm.35 Parent ratings of EF can be obtained in the pediatric office 

and provide a practical description of children’s EF strengths and difficulties in everyday 

environments. Additional monitoring and EF evaluation in children born preterm are 

warranted. EF skills are measurable in young children, mediate important functional 

outcomes, and are potentially malleable. Our future work will focus on targeted intervention 

for EF skills and whether such intervention may influence long-term outcomes.

Acknowledgments

We thank the children and families who participated in our study. Special thanks to Maya Chatav and Walter S. 
Chang for assistance with data collection and to Nidia Alduncin for assistance with data collection and manuscript 
figures.

Funding Sources: This work was supported by the Lucile Packard Foundation for Children’s Health under a Pilot 
Early Career Grant, the Society for Developmental-Behavioral Pediatrics under the Young Investigator Award, and 
the Eunice Kennedy Shriver National Institute of Child Health and Human Development, National Institutes of 
Health, under the Mentored Patient-oriented Research Career Development Award Grant K23HD071971 to Irene 
M. Loe; and the National Center for Research Resources, National Institutes of Health under the Stanford Clinical 
and Translational Science Award 1UL1 RR025744.

Loe et al. Page 12

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Abbreviations

ADHD attention-deficit/hyperactivity disorder

ASD autism spectrum disorder

BRIEF Behavior Rating Inventory of Executive Function

BW birth weight

CBCL Child Behavior Checklist

EF executive function

FT full term

GA gestational age

GEC global executive composite

IQ intelligence quotient

PT preterm

SD standard deviation

SES socioeconomic status
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Figure 1. 
1a. Total Effects Model—shows the relationship (c) between predictor X and outcome Y. 

1b. A simple mediation model in path diagram form includes the mediator and its 

relationship to predictor X (a) and outcome Y (b), or indirect effect. The direct effect 

between X and Y (accounting for the mediator in the model) is illustrated by c’.
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Figure 2. 
The Total Effects Model is in the lower part of the figure; the multiple mediation model in 

path diagram form with both parent-rated EF and performance-based EF in the model is 

directly above. T-statistics and significance level are presented for each path (inner values 

correspond to performance-based EF and outer values to parent-rated EF). Indirect effects of 

gestational age on the Adaptive Behavior Composite through both parent-rated and 

performance-based EF were significant.
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Figure 3. 
The Total Effects Model is in the lower part of the figure; the multiple mediation model in 

path diagram form with both parent-rated EF and performance-based EF in the model is 

directly above. T-statistics and significance level are presented for each path (inner values 

correspond to performance-based EF and outer values to parent-rated EF). Indirect effect of 

gestational age on the Phonologic Awareness Score through performance-based EF was 

significant.
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Figure 4. 
The Total Effects Model is in the lower part of the figure; the multiple mediation model in 

path diagram form with both parent-rated EF and performance-based EF in the model is 

directly above. T-statistics and significance level are presented for each path (inner values 

correspond to performance-based EF and outer values to parent-rated EF). Indirect effect of 

gestational age on the Total Behavior Problems score through parent-rated EF was 

significant.

**p significant at <.05

Abbreviations: GA, gestational age; EF, executive function

Loe et al. Page 20

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loe et al. Page 21

T
ab

le
 1

Pa
rt

ic
ip

an
t c

ha
ra

ct
er

is
tic

s,
 d

em
og

ra
ph

ic
s,

 a
nd

 I
Q

 s
co

re
s

P
re

te
rm

(n
 =

 7
0)

F
ul

l T
er

m
(n

 =
 7

9)

P
ar

ti
ci

pa
nt

C
ha

ra
ct

er
is

ti
cs

a
M

ea
n 

(S
D

)
R

an
ge

M
ea

n 
(S

D
)

R
an

ge
t 

or
 X

2
p

A
ge

 (
ye

ar
s)

4.
6 

(.
76

)
3.

0–
5.

9
4.

4 
(.

82
)

3.
1–

5.
9

−
1.

5
.1

35

Pe
ri

na
ta

l D
at

a

    GA (weeks)











29
.6

 (
2.

6)
24

–3
4

39
.3

 (
1.

4)
37

–4
2

27
.4

<
.0

01
*

    Birthweight (g)












13

65
 (

45
5)

46
8–

24
95

33
31

 (
50

7)
22

39
–4

51
0

24
.8

<
.0

01
*

D
em

og
ra

ph
ic

sb
Pr

et
er

m
Fu

ll 
T

er
m

p

R
ac

e,
 n

 (
%

)
.0

64
.8

76

    White





42
 (

60
)

49
 (

61
)

    Nonwhite








28
 (

40
)

31
 (

39
)

E
th

ni
ci

ty
, n

 (
%

)
1.

5
.4

80

    Nonhispanic/











N
on

la
tin

o
47

 (
67

)
60

 (
76

)

    Hispanic/Latino














8 
(1

1.
4)

6 
(7

.6
)

    Mixed





15
 (

21
.4

)
13

 (
16

.5
)

G
en

de
r,

 n
 (

%
)

2.
4

.1
02

    Male





40
 (

57
)

35
 (

44
)

    Female






30

 (
43

)
45

 (
56

)

M
at

er
na

l E
du

ca
tio

n,
n 

(%
)

5.
1

.0
29

*

    < master’s









de

gr
ee

44
 (

63
)

35
 (

45
)

    
≥

 m
as

te
r’

s
de

gr
ee

26
 (

37
)

43
 (

55
)

C
og

ni
ti

ve
 S

co
re

s
M

ea
n 

(S
D

)
R

an
ge

M
ea

n 
(S

D
)

R
an

ge
t

p

IQ
a

10
1.

9 
(1

5)
73

–1
27

11
0.

2 
(1

3)
82

–1
39

3.
7

<
 .0

01
*

Pr
op

or
tio

ns
b

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loe et al. Page 22

P
re

te
rm

(n
 =

 7
0)

F
ul

l T
er

m
(n

 =
 7

9)

P
ar

ti
ci

pa
nt

C
ha

ra
ct

er
is

ti
cs

a
M

ea
n 

(S
D

)
R

an
ge

M
ea

n 
(S

D
)

R
an

ge
t 

or
 X

2
p

n 
(%

) 
w

ith
 I

Q
 s

co
re

 <
85

n 
(%

) 
w

ith
 I

Q
 s

co
re

 <
85

X
2

p

10
 (

14
.3

)
1 

(1
.3

)
9.

2
<

.0
01

*

a D
at

a 
an

al
yz

ed
 b

y 
t-

te
st

b D
at

a 
an

al
yz

ed
 b

y 
ch

i-
sq

ua
re

 (
as

ym
pt

ot
ic

 o
r 

ex
ac

t s
ig

ni
fi

ca
nc

e:
 2

-s
id

ed
)

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loe et al. Page 23

T
ab

le
 2

G
ro

up
 d

if
fe

re
nc

e 
in

 e
xe

cu
tiv

e 
fu

nc
tio

n,
 f

un
ct

io
na

l o
ut

co
m

es
, a

nd
 b

eh
av

io
r.

P
re

te
rm

F
ul

l T
er

m

E
xe

cu
ti

ve
F

un
ct

io
na

(n
 =

 6
6)

(n
 =

 7
9)

B
R

IE
F

M
ea

n 
(S

D
)

R
an

ge
M

ea
n 

(S
D

)
R

an
ge

t
p

G
lo

ba
l E

xe
cu

tiv
e

C
om

po
si

te
 (

G
E

C
)

54
.3

 (
15

)
31

–9
5

43
.5

 (
8)

33
–6

7
−

5.
2

<
 .0

01
*

E
F 

B
at

te
ry

(n
 =

 7
0)

(n
 =

 7
9)

Z
-s

co
re

−
.8

44
 (

1.
1)

−
4.

19
–.

6
−

.0
04

 (
.5

2)
−

1.
37

–1
.2

5.
91

<
.0

01
*

O
ut

co
m

es
a

V
in

el
an

d
(n

 =
 6

1)
(n

 =
 7

4)

A
da

pt
iv

e 
B

eh
av

io
r

C
om

po
si

te
 (

A
B

C
)

97
 (

12
.7

)
68

–1
28

11
1 

(1
1.

6)
79

–1
34

6.
91

<
.0

01
*

T
es

t o
f 

Pr
es

ch
oo

l
E

ar
ly

 L
ite

ra
cy

(n
 =

 3
8)

(n
 =

 3
7)

Ph
on

ol
og

ic
al

A
w

ar
en

es
s

10
3 

(1
6)

65
–1

29
11

2 
(1

3)
79

–1
29

2.
79

.0
07

*

C
hi

ld
 B

eh
av

io
r

C
he

ck
lis

t (
C

B
C

L
)

(n
 =

 6
8)

(n
 =

 7
9)

T
ot

al
48

.6
 (

10
.7

)
28

–7
7

40
.6

 (
7.

2)
28

–6
2

−
5.

3
<

 .0
01

*

In
te

rn
al

iz
in

g
48

.5
 (

11
.2

)
29

–7
3

42
.3

 (
8.

3)
29

–6
4

−
3.

8
<

 .0
01

*

E
xt

er
na

liz
in

g
48

.2
 (

10
.7

)
28

–7
6

40
.5

 (
8.

1)
28

–6
5

−
4.

9
<

 .0
01

*

Pr
op

or
tio

ns
b

X
2

p

G
E

C
n 

(%
) 

w
ith

 T
-s

co
re

 >
 6

4
n 

(%
) 

w
ith

 T
-s

co
re

 >
 6

4

16
 (

24
)

1 
(1

.3
)

18
.3

<
 .0

01
*

Z
-s

co
re

n 
(%

) 
w

ith
 s

co
re

 ≤
 −

1S
D

n 
(%

) 
w

ith
 s

co
re

 ≤
 −

1S
D

25
 (

36
)

2 
(3

)
28

<
.0

01
*

A
B

C
n 

(%
) 

w
ith

 s
co

re
 <

85
n 

(%
) 

w
ith

 s
co

re
 <

85

10
 (

16
.4

%
)

1 
(1

.4
%

)
10

.1
.0

01
*

Ph
on

ol
og

ic
al

A
w

ar
en

es
s

n 
(%

) 
w

ith
 s

co
re

 <
85

n 
(%

) 
w

ith
 s

co
re

 <
85

1 
(2

.7
%

)
5 

(1
3.

2%
)

2.
8

.0
95

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loe et al. Page 24

P
re

te
rm

F
ul

l T
er

m

E
xe

cu
ti

ve
F

un
ct

io
na

(n
 =

 6
6)

(n
 =

 7
9)

C
B

C
L

n 
(%

) 
w

ith
 T

-s
co

re
 >

 5
9

n 
(%

) 
w

ith
 T

-s
co

re
 >

 5
9

T
ot

al
11

 (
16

.2
)

1 
(1

.3
)

10
.8

.0
01

*

In
te

rn
al

iz
in

g
12

 (
17

.6
)

4 
(5

.1
)

6.
0

.0
15

*

E
xt

er
na

liz
in

g
9 

(1
3.

2)
1 

(1
.3

)
8.

3
.0

04
*

a D
at

a 
an

al
yz

ed
 b

y 
t-

te
st

b D
at

a 
an

al
yz

ed
 b

y 
ch

i-
sq

ua
re

 (
as

ym
pt

ot
ic

 o
r 

ex
ac

t s
ig

ni
fi

ca
nc

e:
 2

-s
id

ed
)

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loe et al. Page 25

T
ab

le
 3

C
or

re
la

tio
ns

 a
m

on
g 

B
R

IE
F-

P 
su

bs
ca

le
s 

(V
ar

ia
bl

es
 1

 th
ro

ug
h 

5)
 a

nd
 E

F 
ta

sk
s 

(V
ar

ia
bl

es
 6

 th
ro

ug
h 

10
)

V
ar

ia
bl

e
1

2
3

4
5

6
7

8
9

10

1.
 I

nh
ib

iti
on

1

2.
 S

hi
ft

.3
76

**
*

1

3.
 E

m
ot

io
na

l
C

on
tr

ol
.6

24
**

*
.5

20
**

*
1

4.
 W

or
ki

ng
M

em
or

y
.6

76
**

*
.4

35
**

*
.5

84
**

*
1

5.
 P

la
n/

O
rg

an
iz

e
.7

04
**

*
.4

40
**

*
.6

13
**

*
.8

27
**

*
1

6.
 6

-B
ox

es
.1

76
*

.2
43

**
.1

49
.1

56
.1

84
*

1

7.
 V

er
ba

l F
lu

en
cy

−
.0

91
−

.1
53

−
.1

24
−

.1
45

−
.2

40
**

−
.2

45
**

1

8.
 D

ay
/N

ig
ht

.0
28

−
.0

70
.0

84
−

.1
16

−
.0

70
−

.1
93

*
.2

56
**

1

9.
 B

ir
d/

D
ra

go
n

−
.0

54
−

.1
63

−
.1

12
−

.2
15

**
−

.1
70

*
−

.3
08

**
*

.5
05

**
*

.4
42

**
*

1

10
. D

im
en

si
on

al
C

ha
ng

e 
C

ar
d 

So
rt

.0
05

−
.0

34
−

.0
39

−
.1

72
*

−
.1

40
−

.1
58

.2
65

**
.1

66
*

.2
39

**
1

N
ot

e:

* p 
<

 .0
5;

**
p 

<
 .0

1;

**
* p 

<
 .0

01

A
bb

re
vi

at
io

ns
: B

R
IE

F-
P,

 B
eh

av
io

r 
R

at
in

g 
In

ve
nt

or
y 

of
 E

xe
cu

tiv
e 

Fu
nc

tio
n-

Pr
es

ch
oo

l v
er

si
on

; E
F,

 e
xe

cu
tiv

e 
fu

nc
tio

n

J Dev Behav Pediatr. Author manuscript; available in PMC 2015 June 01.


