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e WHAT THIS STUDY ADDS: This study confirms that adolescents

WHAT’S KNOWN ON THIS SUBJECT: Very preterm children \
display significant school problems that persist into adolescence.
Executive functioning and memory play important roles in

learning and school attainment.

born very preterm exhibit deficits in executive functioning and
memory in a large contemporary sample. Severe brain injury and
maternal education are strong predictors of performance on
executive function and memory tasks.

- J

BACKGROUND: Many preterm children display school difficulties,
which may be mediated by impairment in executive function and
memory.

OBJECTIVE: To evaluate executive and memory function among adoles-
cents born preterm compared with term controls at 16 years.

METHODS: Atotal of 337 of 437 (77%) adolescents born in 1989 to 1992
with a birth weight < 1250 g and 102 term controls were assessed with
a battery of executive function and memory tasks. Multiple regression
analyses were used to compare groups and to identify associations
between selected factors and outcomes among preterm subjects.

RESULTS: Adolescents born preterm, compared with term controls,
showed deficits in executive function in the order of 0.4 to 0.6 SD on
tasks of verbal fluency, inhibition, cognitive flexibility, planning/orga-
nization, and working memory as well as verbal and visuospatial mem-
ory. After exclusion of adolescents with neurosensory disabilities and
full-scale 1Q < 70, significant group differences persisted on most
tests. Preterm subjects, compared with term controls, were at in-
creased risk of exhibiting problems related to executive dysfunction,
as measured with the Behavior Rating Inventory of Executive Function,
on the Metacognition Index (odds ratio [OR]: 2.5 [95% confidence inter-
val (Cl): 1.2-5.11) and the Global Executive Composite (OR: 4.2 [95% Cl:
1.6—10.91), but not on the Behavioral Regulation index (OR: 1.5 [95% Cl:
0.7-3.5]1). Among adolescents born preterm, severe brain injury on
neonatal ultrasound and lower maternal education were the most con-
sistent factors associated with poor outcomes.

CONCLUSIONS: Even after exclusion of preterm subjects with signifi-
cant disabilities, adolescents born preterm in the early 1990s were at
increased risk of deficits in executive function and memory. Pediatrics
2011;127:e639—e646
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The adverse effects of preterm birth
on cognitive function and academic
achievement have been documented in
adolescents born in the 1970s and
’80s. 2 During teenage years, deficits
in 1Q scores for preterm children com-
pared with term controls vary between
8 and 13 points.’”> However, preterm
children with normal intelligence still
face significant school difficulties.*

Executive functions, which refer to a
set of high-level mental processes nec-
essary to regulate behavior and cogni-
tion for goal-directed actions, are
thought to play an important role in
school attainment.™ They include abil-
ities such as working memory, inhibi-
tion, planning and organization, verbal
fluency, and cognitive flexibility. Defi-
cits in these domains have been ob-
served in adolescents and young
adults born preterm before the era of
modern neonatology.3'5-'8 These abili-
ties depend on the integrity of the neu-
ral network that connects the prefron-
tal cortex to the brainstem, the
cerebral lobes, and the limbic and sub-
cortical regions.” Neuroimaging stud-
ies in preterm children have shown de-
creased white matter volumes and
impaired white matter gains com-
pared with term controls, which indi-
cates their increased vulnerability for
executive dysfunction.202!

Moreover, memory deficits, including
verbal and visual memory, have been
reported in very low birth weight chil-
dren, especially among those with neo-
natal cerebral injury, which suggests
the residual sequelae of brain insults
on memory function.3, 22 However, few
studies have expanded on this impor-
tant finding.

The current study encompasses a sys-
tematic assessment of executive func-
tion and memory skills of a more con-
temporaneous group of adolescents
born preterm. The objective is to com-
pare executive and memory functions
of adolescents born preterm to term
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controls and to determine the effect of
selected neonatal and sociodemo-
graphic factors onthese outcomes. We
hypothesize that the preterm group
will perform less well on tasks of exec-
utive functioning and memory than
term peers, even after exclusion of
those with severe disabilities, and that
selective deficits in executive and
memory functions will be uncovered
among preterm subjects after control-
ling for receptive vocabulary.

METHODS

Study Population

Between September 1989 and August
1992, 505 very preterm infants with
birth weight = 1250 ¢ admitted to 3
hospital centers in Providence, Rhode
Island; Portland, Maine; and New Ha-
ven, Connecticut, were enrolled in the
Multicenter Randomized Indomethacin
Intraventricular Hemorrhage Preven-
tion Trial and prospectively fol-
lowed.z52* At age 16 years, 337 of 437
survivors were available for assess-
ment (77%). Participants were repre-
sentative of the eligible preterm sub-
jects with respect to gestational age,
birth weight, gender, antenatal ste-
roids exposure, prophylactic indo-
methacin, severe brain injury, and
bronchopulmonary dysplasia. How-
ever, participants were more likely to
be multiples (participants: 21%; non-
participants: 9%) and have white non-
Hispanic mothers (participants: 73%;
nonparticipants: 61%).

The term cohort was selected from the
local community or from a telemarket-
ing list of 10 000 families at 8 years.
They were frequency-matched to the
preterm group on zip code, age, gen-
der and race. Of the 124 eligible con-
trols, 102 were evaluated at 16 years
(82%).

Written assent/consent was obtained
from all families. The institutional
boards of all participating universities
approved the protocols.

Procedures

Subjects were seen for a half-day ses-
sion by assessors trained to 90% inter-
rater reliability. The assessors were
unaware of the preterm children’s
neonatal course.

Outcome Measures

Cognitive aspects of executive function
were assessed with subtests of the
Delis-Kaplan Executive Function Scale
(D-KEFS)% In the Verbal Fluency
subtest, subjects were asked to gener-
ate as many words as possible start-
ing with a given letter (phonological
fluency) or belonging in a specific cat-
egory (semantic fluency) in 1 minute,
to examine language skills, initiation,
and speed of processing. The Color-
Word Interference subtest tapped into
verbal inhibition and cognitive flexibil-
ity: subjects had to read aloud color
names printed in a different color ink
or name the ink color of a different
printed word. The Tower subtest, in
which subjects had to displace disks
from a starting to an ending position
by following a set of rules, assessed
spatial planning, rule learning, and in-
hibition. All D-KEFS subtests yield a
scaled score with a mean of 10 = 3.
The Backward Spatial Span of the
Wechsler Memory Scale, 3rd edition2
appraised visual working memory by
having the examinee touch a sequence
of blocks as demonstrated by the ex-
aminer, but in the reverse order.
Scaled scores are calculated with
means of 10 = 3.

To assess behavioral manifestation of
executive function in daily life, parents
filled the Behavior Rating Inventory of
Executive Function,? which measures
8 different domains: inhibit (to resist
impulse); shift (to make transitions be-
tween tasks and mindsets); emotional
control (to regulate emotional re-
sponse); initiate (to start an activity in-
dependently); working memory (to
hold information to complete a task);



plan/rrganize (to plan and organize
ahead for future events); organization
of materials (to order and organize
things); and monitor (to check own
performance for proper goal attain-
ment). These 8 scales form 2 indices,
the Behavioral Regulation Index and
the Metacognition Index. One general
summary score, the General Executive
Composite, also is derived from the 8
scales. A higher score reflects more
problematic behavior. Scores = 65
are considered clinically significant.

Verbal memory was evaluated with the
California Verbal Learning Test, Chil-
dren’s Version.?® Subjects were pre-
sented with a list of words throughout 5
trials and hadto recall as many words as
possible after each trial (trials 1-5 total
score measures immediate recall) and
after a 20-minute period (long-delay free
recall). The trial 1 to 5 total score is a
T-score (mean: 50 £ 10), whereas the
long-delay free recall is a zscore (mean:
0.0 = 1.0). The Rey-Osterrieth Complex
Figure Test required subjects to copy a
complex design and draw it again after
30 seconds (immediate recall) and after
35 minutes (delayed recall). The test
examined visuospatial memory. Raw
scores were obtained.

Other Variables

General intellectual ability was mea-
sured using the Wechsler Intelligence
Scale for Children, 3rd edition (WISC-
)2 Receptive vocabulary was as-
sessed with the Peabody Picture Vo-
cabulary Test, Revised (PPVT-R).30
PPVT-R scores have been shown to be
highly correlated with measures of in-
telligence.®® The Pearson correlation
coefficient (p) in our own data (n =
410) for PPVT-R standard score and
full-scale 1Q (FSIQ) was 0.84 at 16 years.

Data on neonatal characteristics and
neurologic status were retrieved from
the study database. Parents and ado-
lescents provided updated sociodemo-
graphic information.
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Statistical Analyses

Results on tests of executive and mem-
ory function were compared between
preterm and term subjects with ad-
justment for potential confounders
(male gender, maternal education, mi-
nority status, and single-parent house-
hold) using linear (for continuous vari-
ables) or logistic (for categorical
variables) regression. To identify se-
lective deficits in executive function or
memory not because of differential in-
telligence between the 2 groups, the
above analyses were repeated on the
entire cohort controlling for PPVT-R
score. The PPVT-R score was used as a
proxy measure of intelligence instead
of FSIQ because of the high correlation
between FSIQ and executive and mem-
ory function (p = 0.57—0.70 on the dif-
ferent executive function and memory
measures). High correlation between
FSIQ and scores on executive function
tests was expected because some
WISC-IIl subtests (similarities, digit
span, block design, picture arrange-
ment) tap at specific aspects of execu-
tive function.®' To determine whether
adolescents born preterm without se-
vere disabilities also presented with
deficits in executive function or mem-
ory, comparative analyses between
preterm and term controls were re-
peated after exclusion of children with
neurosensory impairment (NSI; hear-
ing aids, services for the blind, cere-
bral palsy, seizure, ventriculoperito-
neal shunt) and FSIQ << 70. Multiple
regression analysis was used to iden-
tify perinatal and social factors that
predicted scores on executive and
memory tests at 16 years among all
preterm subjects. Independent vari-
ables were selected on the basis of the
most common risk factors of adverse
outcomes identified in the literature.
The effect of prophylactic indometha-
cin on outcomes also was explored.
Analyses were conducted with SAS 9.1
(SAS Institute, Inc, Cary, NC).

ARTICLES

RESULTS

Sociodemographic and medical char-
acteristics of the preterm and term co-
horts are outlined in Table 1.

Mean FSIQ between the 2 cohorts dif-
fered by 16 points (95% confidence in-
terval [Cl]: 12—20) in favor of the term
group, with 15% of adolescents born
preterm scoring inthe significantly im-
paired range (<70), compared with
2% of term controls. Among adoles-
cents with NSI (n = 50), some were
either untestable or obtained the low-
est possible score on all subtests of
the WISC-IIl (n = 2), the D-KEFS (n =
15), or on all memory tasks (n = 4).
Their FSIQ ranged from 40 to 107.

Executive Functioning

Although adolescents born preterm
scored within the normal ranges on
tests of executive function (Table 2),
they performed 0.4 to 0.6 SD below
their term counterparts in all domains
including phonological and semantic
fluency, verbal inhibition (Color/Word
Inhibition), cognitive flexibility (Color/
Word Inhibition Switching), spatial
planning and rule learning (Tower),
and visual working memory (Spatial
Span). Among very preterm subjects,
6% to 18% exhibited significant impair-
ment (score < 2 SD) in executive func-
tion, compared with only 1% to 3% of
adolescents born at term. Controlling
for PPVT-R revealed selective deficits
among adolescents born preterm
compared with term controls in all do-
mains of executive function.

Memory

Table 3 displays results on memory
tasks and between-group compari-
sons. Compared with controls, the very
preterm cohort scored more poorly on
measures of verbal memory (Califor-
nia Verbal Learning Test, Children’s
Version) and visuospatial memory
(Rey-Osterrieth Complex Figure Test).
Again, significant verbal memory im-
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TABLE 1 Baseline Characteristics of the 16-Year-0ld Cohort

Preterm Term
No. subjects at inception 505 —
Proportion surviving to NICU discharge, n (%) 446 (88%) —
Proportion surviving to 16y, n (%) 437 (87%) —
Follow-up at 16y (%) 337 (17%) 102
Child characteristics
Gestational age, mean (SD) 28 (2) —
Birth weight, mean (SD) 961 (173) —
Small for gestational age, n (%) 79 (23%) —
Male gender, n (%) 178 (53%) 49 (48%)
Multiple births, n (%) 71 (21%) —
Antenatal steroids, n (%) 113 (34%) —
Prophylactic indomethacin, n (%)2 162/329 (49%) —
Severe brain injury,® n (%) 31/334 (9%) —
Grade 3—4 intraventricular hemorrhage 11 (3%)
Periventricular leucomalacia 17 (5%)
Grade 2 and higher ventriculomegaly 17 (5%)
0,at28d, n (%) 155/336 (46%) —
Neurosensory impairment, n (%) 50 (15%) 0
Cerebral palsye 30 (9%)
Hearing aids 8 (2%)
Services for the blind 10 (3%)
Seizure disorder 9 (3%)
Ventriculoperitoneal shunt 8 (2%)
Social factors
Maternal age at birth, mean (SD), y 28 (6) 30 (6)
Maternal education, mean (SD), y 14 (2) 15 (3)
Maternal education < high school, n (%) 41 (12%) 5 (5%)
Single-parent household, n (%) 111 (33%) 25 (25%)
Minority status of child by caregiver report (race and ethnicity), n (%) 107 (32%) 30 (29%)
Mean age at assessment, mean (SD), y 16.1 (0.3) 16.2 (0.3)
WISC-IIl FSIQ, mean (SD) 88 (19) 104 (16)
PPVT-R, mean (SD) 95 (24) 106 (21)

a Not all children were randomly assigned to receive prophylactic indomethacin.
b Numbers do not add up to 31 because some children had more than 1 injury.
¢ Among children with cerebral palsy, 9 had spastic diplegia, 4 had spastic hemiplegia, and 17 had spastic quadriplegia.

pairment was observed in a higher
proportion of very preterm subjects
compared with term controls. Sec-
ondary analysis adjusting for PPVT-R

score did not alter findings thus
highlighting selective deficits in
memory function among adolescents
born preterm.

Outcomes in Adolescents Born
Preterm Without Significant
Disabilities

Analyses were repeated with exclusion
of subjects with NSl and FSIQ << 70. Af-
ter adjusting for PPVT-R scores, group
differences were detected on phono-
logical fluency (mean difference [MDI:
—1.01[95% Cl: —1.7to —0.2] P = .01),
verbal inhibition (MD: —1.1 [95% Cl:
—1.8 to —0.4] P < .005), immediate
verbal memory (MD: —4.2 [95% Cl:
—6.5to —1.9]1 P < .005), and delayed
verbal memory (MD: —0.5 [95% Cl:
—0.7to —0.3] P<.005), and on imme-
diate visuospatial memory (MD: —2.8
[95% Cl: —4.6 to —1.0] P < .005) and
delayed visuospatial memory (MD:
—291[95% Cl: —4.7to —1.1]1 P << .005).
However, analyses did not reveal sig-
nificant differences in semantic flu-
ency, cognitive flexibility, spatial plan-
ning/rule learning, and visual working
memory.

Behavioral Manifestations of
Executive Dysfunction

As shown in Table 4, parents reported
on the Behavior Rating Inventory of Ex-
ecutive Function that adolescents born
preterm were more likely to exhibit
clinically significant behavioral prob-
lems as a result of executive dysfunc-
tion in the Initiate and Working Mem-

TABLE 2 Results of Comparisons in Executive Function Between Very Preterm and Term Adolescents at 16 Years

Preterm Term Adjusted Mean Adjusted Mean Difference
n Mean Impairment n Mean Impairment Difference (95% Cl) (95% Cl), Controlling for
(SD) (<2D) (SD) (<2D) PPVTR Score
D-KEFS verbal fluency
Letters scaled score 307  8.7(3.6) 8.1% 100  10.8(3.3) 0 —1.5(—23-—0.7)2 =10 (—=1.7--03)°
Category scaled score 301 3.7) 6.3% 99  11.3(3.1) 1.0% —1.3(—21-—0.5)2 —0.8 (—1.5-—0.0)°
D-KEFS color/word
Inhibition scaled score 302 7.9(3.8) 17.6% 99  10.2(2.6) 3.0% —20(—28-—12)2 —1.5(—22--08)2
Inhibition switching scaled score 302 4(3.8) 15.6% 98 10.3(2.9) 3.0% —15(—24——0.7)2 —10(—18-—03)"
D-KEFS Tower
Total achievement scaled score 301 8.5 (3.1) 9.3% 99  10.3(2.2) 0 —1.6(—22-—09)2 —1.1(=1.7--05)2
WMS spatial span
Backward span scaled score 300 8.8(3.9) 11% 95  11.0(27) 0 —1.7(—25-—-0.8)2 —1.0(—18-—0.3)°

Impairment was defined as a score that fell 2 SDs below the standard mean. Gender, maternal education, minority status, and single-parent household were adjusted for. Mean differences
were adjusted for PPVT-R scores to take into account the effect of differential intelligence between the 2 groups.

ap<.005.

b p < 05.
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TABLE 3 Results of Comparisons in Memory Abilities Between Very Preterm and Term Adolescents at 16 Years

Preterm Term Adjusted Mean Adjusted Mean Difference
) N N )
n Mean (SD)  Impairment n Mean Impairment Difference (35% G (95% ngﬁgnézzu::g for
(<28D) (SD) (<28D)
California Verbal Learning Test
Trials 1-5 total T-score 307  42.0(12.2) 19.5% 99  50.1(9.9) 4.0% —71(—9.7-—45)2 —52(—75-—29)2
Long Delay Free Recall zscore 308 —0.7(14) 10.7% 99 0.3 (0.9) 1.0% —08(—1-—0.5)2 —0.6(—08,—0.3)2
Rey-Osterrieth Complex Figure Test
Immediate recall raw score 302 15.9 (9.2) — 101 224 (8.1) — —56(—76-—36)2 —39(—5.7-—22)2
Delayed recall raw score 298 156(9.1) — 101 22.2(8.2) — —57(—76-—37)2 —40(—57-—23)2

Impairment was defined as a score that fell 2 SDs below the standard mean. Gender, maternal education, minority status, and single-parent household were adjusted for. Mean differences
were adjusted for PPVT-R scores to take into account the effect of differential intelligence between the 2 groups.

ap<.005.

TABLE 4 Proportion of Very Preterm and Term

Adolescents That Scored In the Clinical Range on

the BRIEF
Preterm Term Adjusted OR
(95% Cl)
Behavioral regulation >64, n/N (%) 45/311 (14) 8/100 (8) 1.5 (0.7-3.5)
Inhibit 45/312 (14) 7/100 (7) 1.8 (0.7-4.2)
Shift 51/311 (16) 7/100 (7) 22(1.0-5.2)
Emotional control 36/312 (12) 6/100 (6) 1.6 (0.6-3.9)
Metacognition >64, n/N (%) 69/311 (22) 10/100 (10) 2.5(1.2-5.1)2
Initiate 59/311 (19) 8/100 (9) 25 (1.1-5.6)2
Working memory 88/311(28) 16/100 (16) 1.9 (1.1-3.5)2
Planning/organization 72/310 (23) 13/100 (13) 1.8 (0.9-3.5)
Organization of materials 42/311 (14) 16/100 (16) 0.9 (0.5-1.7)
Monitoring 47/311 (15) 11/100 (11) 1.3 (0.6-2.6)
Global executive composite >64, n/N (%) 60/311 (19) 5/100 (5) 4.2 (1.6-10.9)2

Gender, maternal education, minority status, and single-parent household were adjusted for. BRIEF indicates Behavior

Rating Inventory of Executive Function.
ap< 05

ory domains than were term peers. A
higher proportion of very preterm sub-
jects scored inthe significant range on
the Metacognition Index (odds ratio
[OR]: 2.5 [95% Cl: 1.2-5.11), but not on
the Behavioral Regulation Index (OR:
1.5 [95% Cl: 0.7-3.5]). Overall, 19% of
the very preterm cohort displayed

problems on the Global Executive Com-
posite, compared with 5% of the term
group, representing a fourfold in-
crease in risk. After exclusion of chil-
dren with NSl and FSIQ < 70, preterm
birth remained associated with in-
creased risk of displaying problems in
the initiate domain on the Metacogni-

tion Index and the Global Executive
Composite.

Predictors of Poor Performance
Among Adolescents Born Preterm

Severe brain injury on neonatal ultra-
sound was the most significant factor
associated with lower scores on all
measures of executive and memory
function (Table 5). The second most
consistent finding was the relationship
between higher level of maternal edu-
cation and better results on all execu-
tive functions, except for semantic flu-
ency, and on delayed visual recall.
Male gender, antenatal steroids expo-
sure, being small for gestational age,
birth weight, and oxygen requirement
at 28 days were not related to any of
the outcomes. Effects of indomethacin
were explored separately with gender
stratification and were not significant
for any of the study outcomes (results
available on request).

TABLE 5 Multiple Regression Analyses to Identify Neonatal and Social Factors Associated With Executive and Memory Function Scores Among Very

Preterm Adolescents

Executive Function, B (SE)

Memory, B (SE)

Phonological Semantic Verbal Cognitive Spatial Working Verbal Verbal Visuospatial Visuospatial
Fluency Fluency Inhibition  Flexibility ~ Planning Memory  Immediate Delayed Immediate Delayed
Recall Recall Recall Recall

Birth weight, 100 g 0.03(0.12) 0.03(0.14) 3(0.1) 0.1(0.1) 0.2(0.1) 0.2(0.1) 0.2 (0.5) 0.04 (0.05) 0.6(0.3) 0.5(0.3)
SGA —1.1(0.5) —0.9(0.5) —04 (0.5 —02(05 —02(04) —05(05 —05(1.7) —0.00(0.19) 0.7(1.2) 0.6(1.2)
Male gender —OS(O 4) —02(0 4) —09 (04) —06(04) —03(0.3) —04(04) —35 (14)  —036(0.15) —2.3(1.0) —2.3(1.0)
Antenatal steroids 1(0.4) 4(0.4) 0(0.4) 0.6(0.4) 0.5(0.4) 0.4 (0.4) 5 (1.9) 0.39 (0.16) 12(1.1) 1.1(1.1)
0,at28d —05 (0.4) —05 (0.5) —04 (0.5 —0.7(0.5) 03(04) —02(05) 8 (1.6) 0.22 (0.17) 0.9 (1.1) 1.0 (1.2)
Severe brain injury =367 —39(0.7)° —36(0 72 —42(0.7)2 —40(06)2 —39(0.7)2 —92(2 42 —144(026)2 —96(1.7)2 —96(1.8)2
Maternal education, y 0.4 (0.1)a 0.2(0.1) 3(@mna 03012 02012 05(0.12 05(0.3) 0.06 (0.03) 0.5(0.2) 0.6 (0.2)2
B coefficients represent the amount of increase or decrease in test scores for a 1-unit change in the predictor variable. SGA indicates small for gestational age.
ap<.005.
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DISCUSSION

This study reveals that adolescents
born preterm in the early 1990s, com-
pared with term peers, display deficits
across all measures of executive func-
tion and memory. Selective deficits
persist on tests of phonological flu-
ency, verbal inhibition and memory af-
ter exclusion of adolescents with sig-
nificant neurosensory and cognitive
disabilities. Not surprisingly, severe
brain injury and lower level of mater-
nal education are strong predictors of
adverse cognitive sequelae.

Our assessment of executive function
reveals significant impairment among
very preterm subjects in abilities such
as verbal fluency, verbal inhibition,
cognitive flexibility, spatial planning,
and spatial working memory. In addi-
tion, problems with executive function
translate into behavioral manifesta-
tions at home as reported by parents:
adolescents born preterm have more
difficulties with initiation of activities
or generation of new ideas and with
working memory. A higher proportion
of adolescents born preterm com-
pared with term controls score in the
clinical range on the Global Executive
Composite, thus highlighting their
higher propensity for overall executive
dysfunction. Our findings indicate that
deficits in a wide range of executive
processes that have been documented
in previous studies on a population of
very preterm children at early and
middle school age'®3'-% persist in ado-
lescence. We used the D-KEFS, in which
certain subtests also tapped at cogni-
tive processes other than executive
function (language skills for the verbal
fluency subtests and processing speed
for the Tower subtest). Therefore, it is
possible that the observed impair-
ments were not solely because of defi-
cits in executive function.3® However,
our findings parallel that of other stud-
ies in which different tasks were used
to assess similar domains. Lower per-
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formance in phonological and seman-
tic verbal fluency has been observed
among adolescents born at < 33
weeks’ gestation.®® Taylor et al® also
have reported on a cohort with birth
weight < 750 g assessed at 16 years
that displayed significant impairment
in spatial planning, spatial and verbal
working memory, vigilance, and set
shifting. The authors controlled for
verbal-semantic ability to identify ar-
eas of relative executive dysfunction
and found almost identical results, ex-
cept for verbal working memory and
vigilance, for which group differences
were no longer significant. Similarly,
our analyses included adjustment for
receptive vocabulary and revealed rel-
ative deficits that were mostly signifi-
cant for verbal inhibition and spatial
planning. Nosarti et al’® have docu-
mented persisting executive dysfunc-
tion in areas such as verbal fluency,
response initiation and inhibition,
and cognitive flexibility in young
adults. In our study there also is evi-
dence for deficits in verbal and visuo-
spatial memory in adolescents born
preterm compared with term con-
trols, which corroborates the work
of Taylor et al.32?

The global deficits in executive and
memory function observed in adoles-
cent born preterm are congruent with
neuroimaging findings reported in this
population. The neural circuitry that
connects the prefrontal cortexto other
areas of the brain, notably the poste-
rior cortical and subcortical regions,
is thought to be central in ensuring
normal executive processes.’s, 37
Therefore, damage to any of these
components may lead to deficits in ex-
ecutive function. Longitudinal studies
on brain volume changes in our cohort
have demonstrated that white matter
volumes increased by 26% to 27% be-
tween 8 and 12 years in term controls,
compared with only 10% in preterm
subjects.2! Differential decreases in

gray matter volumes also were noticed
between preterm and term subjects in
the frontal and deep gray regions.?' In
addition, significant volume reduction
in areas subserving executive pro-
cesses, such as the prefrontal gyri, the
cingulate gyrus, and the frontal-
striatal and frontal-parietal white mat-
ter pathways, have been observed in
preterm children at 12 years. 2 Edgin et
al’® provided evidence for a relation-
ship between early white matter pa-
thology and later difficulties on tasks
of executive function in very preterm
children. In addition, alterations in
gray and white matter distribution
have been shown to be related to per-
formance on tests of executive func-
tion, accounting for up to 29% of the
variance®  Correlations  between
changes in brain microstructures and
executive function have also been
noted by Gimenez et al, 34 who found
that decreased volumes of the tha-
lamic gray matter and the genu of the
corpus callosum were associated with
poorer verbal fluency in very preterm
subjects at 14 years. As for memory
function, the neural substrate has
been ascribed to the frontal and me-
dial temporal (hippocampal) areas of
the brain#' Reduced volume for the
hippocampus has been document-
ed, 2042 and correlations have been
found between reduced left hippocam-
pal volume and poorer verbal memory
skills among preterm subjects.*® Thus,
perturbations in preterm brain devel-
opment may explain the increased vul-
nerability of adolescents born preterm
for impairment in executive function
and memory.

In our study we identified an associa-
tion between severe neonatal brain in-
jury and maternal education and most
outcomes. It was expected that adoles-
cents who suffered early brain insults
would perform more poorly on neuro-
psychological testing, as previously
documented in this cohort at 12



years.* Higher maternal education
also was associated with increasing
scores on tasks of executive function
and visuospatial memory. Likewise,
Aarnoudse-Moens et al’? found that
maternal education accounted for 12%
of the variance in a task of response
inhibition. Because better executive
functioning is correlated to higher
school attainment,” mothers with
higher maternal education probably
had strong abilities related to execu-
tive function, thus laying a genetic
ground for better performance intheir
offspring.

This study draws its strength from the
comprehensive evaluation of executive
function, which tapped at several dis-
tinct cognitive abilities and explored
behavioral consequences as viewed by
the parents. Neuropsychological mea-
sures were based on well standard-
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